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(7) ABSTRACT

A functional layer of an organic light-emitting element is
formed by using an ink including a first solvent and a second
solvent having equal or similar boiling points, and a func-
tional material. The first solvent is such that an imitatively
formed functional layer formed by replacing the second sol-
vent with the first solvent, in a light-emitting region of an
organic light-emitting element, is thicker at both end portions
than at a central portion and top surfaces of the end portions
are positioned higher than a top surface of the central portion.
The second solvent is such that an imitatively formed func-
tional layer formed by replacing the first solvent with the
second solvent, in a light-emitting region of an organic light-
emitting element, is thicker at a central portion than at both
end portions and a top surface of the central portion is posi-
tioned higher than top surfaces of the end portions.
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FIG. 8
Volumetric concentration of second solvent (Vol%)
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FIG. 9
CHB/1MN | Volumetric concentration of TMN (Vol%)
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FIG. 10

HB/TMN | Volumetric concentration of 1MN (Vol %)
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FIG. 11
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FI1G. 13

Magangoni Number (Ma)
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FIG. 15
Viscosity surface | Planarity degree
Solvent tension Y
mPas) | (him1) Pl Pln
PB 7.9 28.4 -15.2 | 5.4 3.59
HB 13.2 30.0 -14.7 -4.3 2.21
NB 18.3 30.0 0.9 0.4 1.64
BPE 10.6 32.0 -14.9 -4.5 3.02
MT 5.7 33.5 -1.5 -1.8 5.88
CHB 17.7 34.4 -1.7 -2.4 1.94
PT 24.6 38.0 1.8 0.8 1.54
TMN 22. 1 38.3 1.7 2.5 1.73
CHB/1MN | 30/70 | 20.0 31.3 54 1.6 1.87
CHB/1MN | 70/30 18.3 35.7 =3.7 -1.0 1.95
HB/CHB | 30/70 16.0 33.2 -11.2 -3.6 2.08
HB/CHB | 70/30 14,5 31.4 ~12.4 -4.0 2.16
HB/1IMN | 70/30 15.1 32.5 -12.2 -2.6 2.15
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METHOD FOR MANUFACTURING ORGANIC
LIGHT-EMITTING ELEMENT, ORGANIC
LIGHT-EMITTING ELEMENT, ORGANIC

DISPLAY DEVICE, ORGANIC
LIGHT-EMITTING DEVICE, METHOD FOR
FORMING FUNCTIONAL LAYER,
FUNCTIONAL MEMBER, DISPLAY DEVICE,
AND LIGHT-EMITTING DEVICE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This is a continuation application of PCT Applica-
tion No. PCT/W2011/005468 filed Sep. 28, 2011, designat-
ing the United States of America, the disclosure of which,
including the specification, drawings and claims, is incorpo-
rated herein by reference in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to: a method for
manufacturing an organic light-emitting element; an organic
light-emitting element; an organic display device; an organic
light-emitting device; a method for forming a functional
layer; a functional member; a display device; and a light-
emitting device.

DESCRIPTION OF THE RELATED ART

[0003] Organic light-emitting elements, which have
recently been being studied and developed, are light-emitters
making use of an electric-field light-emitting phenomenon
occurring in organic material and have a structure in which a
light-emitting layer is interposed between an anode and a
cathode.

[0004] Commonly, a light-emitting layer is partitioned for
each organic light-emitting element by banks composed of
insulating material, and a shape of the light-emitting layer is
defined by such banks. In addition, between an anode and a
light-emitting layer, a combination of a hole injection layer
and a hole transport layer or a hole injection/transport layer is
interposed as necessary, and between a cathode and a light-
emitting layer, a combination of an electron injection layer
and an electron transport layer or an electron injection/trans-
port layer is interposed as necessary. Since the light-emitting
layer, the hole injection layer, the hole transport layer, the
hole injection/transport layer, the electron injection layer, the
electron transport layer, and the electron injection/transport
layer each achieve a corresponding function among functions
such as the emission of light, the injection of electric charge,
and the transportation of electric charge, such layers are col-
lectively referred to as the “functional layer”.

[0005] Inan organic display device having a full-color dis-
play capability, such an organic light-emitting element cor-
responds to one sub-pixel, and further, a combination of three
adjacent sub-pixels corresponding to 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 an organic display
device.

[0006] So as to enable such an organic display device to
display high definition images, there is a demand for forming
each pixel of an organic display device to have a microscopic
size. In specific, it is demanded that each pixel be formed to
have a length shorter than approximately 500 um at each side
thereof. In order to realize pixels having such a microscopic
size, it is required that a functional layer in each organic

Apr. 4,2013

light-emitting element be formed so as to have a small film
thickness of tens to hundreds of nanometers.

[0007] The manufacture of an organic display device
includes a step of forming a functional layer on a substrate. In
the step of forming a functional layer, a wet process is often
used in which an ink (an application solution) prepared by
dissolving a functional material for forming the functional
layer in a solvent is filled to between banks by an inkjet
method (a droplet ejection method) or the like and then the
filled ink is dried though a method of forming a film of low
molecular material by the application of a vacuum process is
also used. When the wet process is applied. a functional layer
can be formed relatively easily even in a large panel.

CITATION LIST
Patent Literature

[Patent Literature 1]

[0008]
069140

Japanese Patent Application Publication No. 2007-

[Patent Literature 2]

[0009] Japanese Patent Application Publication No.
H5-163488

[Patent Literature 3]

[0010] Japanese Patent Application Publication No. 2006-
219663

SUMMARY
[0011] Light-emitting characteristics of an organic light-

emitting element are greatly influenced by the film thickness
of a functional layer included therein. For this reason, when a
functional layer is formed by application of the above-de-
scribed wet process, it is exemplary that the functional layer
be formed so that the shape of the functional layer is planar by
suppressing the occurrence of unevenness in film thickness of
the functional layer. However, if a functional layer is formed
by a process in which an ink is filled into areas in which
elements are to be formed, the areas being located between
banks on a substrate, and then the ink is dried as described
above, it 1s likely that in each of the areas, the film thickness
is greater at edges of area than at the center of the area, and
therefore it is difficult to secure uniformity in film thickness.
This is probably because when a solvent evaporates from an
ink puddle filled between banks, drying of the ink progresses
while the ink flows from the center toward the edges of the ink
puddle because the solvent evaporates more easily at the
edges than the center.

[0012] In view of this problem, Patent Literature 1, for
example, discloses a technology for improving planarity ofa
functional layer by (i) using a mixed solvent (e.g. a mixed
solvent composed of diethylene glycol and water) as the
solvent in an ink for forming a functional layer, and (ii) by
stopping reduction of pressure, which is performed when
drying an ink droplet film, at a saturation vapor pressure of
one of the solvents composing the mixed solvent (i.e. water).
This drying method can be expected to improve planarity of
functional layers for pixels of arelatively large size. However,
it is difficult to form a functional layer having a uniform film
thickness and a planar shape by applying such a method when
pixels having a microscopic size, where each side of the
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pixels has a length shorter than several hundred micrometers,
are to be formed or when a functional layer having a film
thickness of only tens to hundreds of nanometers is to be
formed. In such cases, the solvents would completely vapor-
ize before pressure is reduced from atmospheric pressure to
the saturation vapor pressure of one of the solvents at which
the reduction of pressure is to be stopped.

[0013] One non-limiting and exemplary embodiment pro-
vides a method for manufacturing an organic light-emitting
element, which is capable of forming a functional layer hav-
ing a high degree of planarity when forming a functional layer
of an organic light-emitting element by the wet process.

[0014] In one general aspect, the techniques disclosed
herein feature: a method for manufacturing an organic light-
emitting element, comprising: a first step of preparing an ink
for forming a functional layer of the organic light-emitting
element, the ink including a first solvent, a second solvent that
differs from the first solvent, and a functional material that is
soluble in the first solvent and the second solvent and that
forms the functional layer, the first solvent being a solvent
such that when the second solvent is replaced with the first
solvent and then a functional layer is formed imitatively, the
imitatively formed functional layer has, in a light-emitting
region of an organic light-emitting element, a shape such that
the functional layer is thicker at both end portions than at a
central portion and the top surfaces of the end portions are
positioned higher than the top surface of the central portion,
the second solvent being a solvent such that when the first
solvent is replaced with the second solvent and then a func-
tional layer is formed imitatively, the imitatively formed
functional layer has, in a light-emitting region of an organic
light-emitting element, a shape such that the functional layer
is thicker at a central portion than at both end portions and the
top surface of the central portion is positioned higher than the
top surfaces of the end portions, the boiling point of the first
solvent being equal or similar to the boiling point of the
second solvent; a second step of filling the ink into an inkjet
device having an ink ejection nozzle; a third step of preparing
asubstrate that has a base layer, the base layer including a first
electrode; a fourth step of causing the inkjet device to eject
droplets of the ink with respect to the base layer; a fifth step of
forming an ink droplet film by applying the ink droplets onto
the base layer; a sixth step of causing the first solvent and the
second solvent to evaporate from the ink droplet film at a
similar timing and thereby forming the functional layer such
that the level of the top surface of the functional layer will
become uniform throughout from the end portions to the
central portion and the thickness of the functional layer will
become uniform from the end portions to the central portion;
and a seventh step of forming a second electrode that differs
from the first electrode above the functional layer.

[0015] In the method for manufacturing an organic light-
emitting element pertaining to one aspect of the present
invention, the functional layer is formed by using an ink
including the first solvent and the second solvent, the first
solvent is a solvent such that, when the second solvent is
replaced with the first solvent and then a functional layer is
formed imitatively, the imitatively formed functional layer
has a shape such that the functional layer is thicker at both end
portions than at a central portion and the top surfaces of the
end portions are positioned higher than the top surface of the
central portion, the second solvent is a solvent such that, when
the first solvent in the ink is replaced with the second solvent
and then a functional layer is formed imitatively, the imita-
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tively formed functional layer has a shape such that the func-
tional layer is thicker at a central portion than at both end
portions and the top surface of the central portion is posi-
tioned higher than the top surfaces of the end portions. For
this reason, the respective characteristics of the first solvent
and the second solvent as described above, related to the
shape of the functional layer, are neutralized. Hence, a func-
tional layer is formed which is intermediate in shape between
those formed by using the first solvent and the second solvent
individually. In other words, a functional layer is formed
which has a higher degree of planarity compared to those
formed by using only one of the first solvent and the second
solvent.

[0016] In addition, in the method for manufacturing an
organic light-emitting element pertaining to one aspect of the
present invention, the first solvent and the second solvent can
be caused to evaporate at a similar timing since the first
solvent and the second solvent have equal or similar boiling
points. In contrast, when one of the solvents included in the
ink has a considerably lower boiling point compared to the
other solvent, the solvent having the lower boiling point
evaporates more quickly compared to the other solvent. This
brings about an increase in concentration of the ink, and thus,
the functional layer is formed while the ink is in a state of high
viscosity. In such a case, the composition of the ink at the
point where the functional layer is formed is different from
the initial composition of the ink. Thus, it is difficult to control
the planarity of the functional layer. In view of this, the above
structure suppresses the composition of the ink changing
from the initial composition by causing the first solvent and
the second solvent to evaporate at a similar timing. Hence,
forming of a functional layer having a high degree of planar-
ity can be realized while requiring only relatively easy control
procedures to be carried out.

[0017] These general and specific aspects may be imple-
mented by using an organic light-emitting element, an
organic display device, an organic light-emitting device, a
method for forming a functional layer, a functional member,
a display device, and a light-emitting device.

[0018] Additional benefits and advantages of the disclosed
embodiment will be apparent from the specification and fig-
ures. The benefits and/or advantages may be individually
provided by the embodiment and various features of the
specification and drawings disclosure, and need not all be
provided in order to obtain one or more of the same.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIGS. 1A and 1B illustrate results of consideration
carried out concerning shapes of functional layers formed by
using single solvent-type inks.

[0020] FIGS. 2A and 2B illustrate combination of imple-
mentation example 1.

[0021] FIGS. 3A and 3B illustrate a combination of imple-
mentation example 2.

[0022] FIGS. 4A and 4B illustrate a combination of com-
parative example 1.

[0023] FIGS. 5A and 5B illustrate a combination of com-
parative example 2.

[0024] FIG. 6illustrates surface tensions and boiling points
of solvents.

[0025] FIG. 7 illustrates ends and a center of a functional
layer.

[0026] FIG. 8 illustrates a mixing ratio o/f.
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[0027] FIG.9illustrates results of consideration carried out
concerning a mixing ratio o/ for a combination of CHB and
IMN.

[0028] FIG. 10 illustrates results of consideration carried
out concerning a mixing ratio o/ for a combination of HB
and IMN.

[0029] FIG. 11 illustrates an influence that a difference in
boiling points of solvents has on evaporation of the solvents.
[0030] FIG. 12 illustrates results of consideration carried
out concerning an influence that a difference in boiling points
between solvents has on shapes of functional layers.

[0031] FIG. 13 illustrates the Marangoni Number.

[0032] FIG. 14 illustrates a relation between a valuey and a
planarity degree PI.

[0033] FIG. 15 illustrates results of consideration carried
out concerning a relation between a value y and a planarity
degree PI.

[0034] FIG. 16 illustrates results of consideration carried
out concerning a relation between a value y and a planarity
degree PI.

[0035] FIG. 17 illustrates results of consideration carried
out concerning an influence that film thicknesses of func-
tional layers have on planarity degrees PI of the functional
layers.

[0036] FIGS. 18A through 18C illustrate results of consid-
eration carried out concerning an influence that film thick-
nesses of functional layers have on planarity degrees P of the
functional layers.

[0037] FIG. 19 illustrates ends of a functional layer in a
pixel bank structure.

[0038] FIG. 20 illustrates results of consideration carried
out concerning a relation between a value y and a planarity
degree PI in a pixel bank structure.

[0039] FIG. 211is aschematic diagram illustrating a state in
which layers of an organic light-emitting element pertaining
to one aspect of the present invention are layered.

[0040] FIGS. 22A through 22G each illustrate a step in a
method for manufacturing the organic light-emitting element
pertaining to one aspect of the present invention.

[0041] FIGS. 23A through 23E each illustrate a step in a
method for manufacturing the organic light-emitting element
pertaining to one aspect of the present invention.

[0042] FIG. 24 illustrates an overall structure of an organic
display device pertaining to one aspect of the present inven-
tion.

[0043] FIG.251saperspective view illustrating a television
system in which is incorporated the organic display device
pertaining to one aspect of the present invention.

[0044] FIGS.26A and 26B illustrate an organic light-emit-
ting device pertaining to one aspect of the present invention.

DETAILED DESCRIPTION

[0045] In the following, explanation is provided of an ink
for an organic light-emitting element, a method for producing
the ink, a method for manufacturing an organic light-emitting
element, an organic light-emitting element, an organic dis-
play device, an organic light-emitting device, a method for
forming a functional layer, a functional member, a display
device, and a light-emitting device, each of which pertaining
to one aspect of the present invention, with reference to the
accompanying drawings.
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OVERVIEW OF ASPECTS OF THE PRESENT
INVENTION

[0046] The method for manufacturing an organic light-
emitting element pertaining to one aspect of the present
invention is characterized in that the method comprises: a first
step of preparing an ink for forming a functional layer of the
organic light-emitting element, the ink including a first sol-
vent, a second solvent that differs from the first solvent, and a
functional material that is soluble in the first solvent and the
second solvent and that fauns the functional layer, the first
solvent being a solvent such that when the second solvent is
replaced with the first solvent and then a functional layer is
formed imitatively, the imitatively formed functional layer
has, in a light-emitting region of an organic light-emitting
element, a shape such that the functional layer is thicker at
both end portions than at a central portion and the top surfaces
of the end portions are positioned higher than the top surface
of the central portion, the second solvent being a solvent such
that when the first solvent is replaced with the second solvent
and then a functional layer is formed imitatively, the imita-
tively formed functional layer has, in a light-emitting region
of an organic light-emitting element, a shape such that the
functional layer is thicker at a central portion than at both end
portions and the top surface of the central portion is posi-
tioned higher than the top surfaces of the end portions, the
boiling point of the first solvent being equal or similar to the
boiling point of the second solvent; a second step of filling the
ink into an inkjet device having an ink ejection nozzle; a third
step of preparing a substrate that has a base layer, the base
layer including a first electrode; a fourth step of causing the
inkjet device to eject droplets of the ink with respect to the
base layer; a fifth step of forming an ink droplet film by
applying the ink droplets onto the base layer; a sixth step of
causing the first solvent and the second solvent to evaporate
from the ink droplet film at a similar timing and thereby
forming the functional layer such that the level of the top
surface of the functional layer will become uniform through-
out from the end portions to the central portion and the thick-
ness of the functional layer will become uniform from the end
portions to the central portion; and a seventh step of forming
a second electrode that differs from the first electrode above
the functional layer.

[0047] In the method for manufacturing an organic light-
emitting element pertaining to one aspect of the present
invention, in the first step, the ink may be prepared by mixing
the first solvent and the second solvent in a mixing ratio such
that the level of the top surface of the functional layer will
become uniform throughout from the end portions to the
central portion and the thickness of the functional layer will
become uniform from the end portions to the central portion.
[0048] In the method for manufacturing an organic light-
emitting element pertaining to one aspect of the present
invention, in the first step, the first solvent and the second
solvent may be mixed according to a mixing ratio o/f,
whereinina light-emitting region of an organic light-emitting
element, when the degree of planarity PI of the following
[Equation 1] is expressed by the thickness d - of the functional
layer at the central portion side and the thicknesses d,, d, of
the functional layer at one end portion side and the other end
portion side:

PI=d—(d,+dg)2

[0049] where PI: the degree of planarity, d: the thickness
at the central portion side, d; : the thickness at one end portion

[Equation 1]
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side, and d: the thickness at the other end portion side, the
mixing ratio is expressed by o, which is the reciprocal of the
absolute value of a degree of planarity P1,, and f§, which is the
reciprocal of the absolute value of a degree of planarity P1,,in
the following [Equation 2]:

axPI =pxPL, [Equation 2]
where
[0050] PI,: the degree of planarity of a functional layer

imitatively formed with replacement of the second solvent
with the first solvent,

[0051] cu the reciprocal of the absolute value of the degree
of planarity PI,,
[0052] PI,: the degree of planarity of a functional layer

imitatively formed with replacement of the first solvent with
the second solvent, and

[0053] f: the reciprocal of the absolute value of the degree
of planarity PL,.
[0054] In the method for manufacturing an organic light-

emitting element pertaining to one aspect of the present
invention, in the first step, the ink may be prepared by mixing
the first solvent and the second solvent such that the first
solvent and the second solvent are present each in an amount
within +15 vol % of their individual volumetric concentration
determined according to the mixing ratio o/f.

[0055] In the method for manufacturing an organic light-
emitting element pertaining to one aspect of the present
invention, in the first step, the difference in boiling point
between the first solvent and the second solvent may be equal
to or smaller than 9° C.

[0056] In the method for manufacturing an organic light-
emitting element pertaining to one aspect of the present
invention, in the first step, the boiling point of the second
solvent may be higher than the boiling point of the first
solvent.

[0057] In the method for manufacturing an organic light-
emitting element pertaining to one aspect of the present
invention, in the first step, when the ratio (o/m) of the surface
tension o (mN-m™") of an ink to the viscosity 1 (mPa-S)of the
ink is y, the ink imitatively prepared by replacing the second
solvent with the first solvent may satisfy v>1.9, and the ink
imitatively prepared by replacing the first solvent with the
second solvent may satisfy y<1.9.

[0058] In the method for manufacturing an organic light-
emitting element pertaining to one aspect of the present
invention, each of the end portions of the functional layer may
be an area of the light-emitting region corresponding to a
distance of 12.5% of the entire length of the light-emitting
region from a corresponding end of the light-emitting region
towards the center ofthe light-emitting region, and the central
portion of the functional layer may be an area corresponding
to the center of the light-emitting region.

[0059] In the method for manufacturing an organic light-
emitting element pertaining to one aspect of the present
invention, the functional layer may have a rectangular shape
in plan view, and the light-emitting region may correspond to
the short side direction of the functional layer.

[0060] In the method for manufacturing an organic light-
emitting element pertaining to one aspect of the present
invention, in the first step, the first solvent may be cyclohexy-
Ibenzene, the second solvent may be 1-methylnaphthalene,
and the functional material may be F8-F6. In the method for
manufacturing an organic light-emitting element pertaining
to one aspect of the present invention, in the first step, the

Apr. 4,2013

mixing ratio o/f of the first solvent and the second solvent
may be within a range of 28/72 to 72/28.

[0061] In the method for manufacturing an organic light-
emitting element pertaining to one aspect of the present
invention, in the first step. the first solvent may be heptylben-
zene, the second solvent may be 1-methylnaphthalene, and
the functional material may be F8-F6. In the method for
manufacturing an organic light-emitting element pertaining
to one aspect of the present invention, in the first step, the
mixing ratio o/f of the first solvent and the second solvent
may be within a range of 5/95 to 38/62.

[0062] In the method for manufacturing an organic light-
emitting element pertaining to one aspect of the present
invention, the functional material may be an organic light-
emitting material.

[0063] The method for manufacturing an organic light-
emitting element pertaining to one aspect of the present
invention comprises: a first step of preparing an ink for form-
ing a functional layer of the organic light-emitting element,
the ink including a first solvent, a second solvent that differs
from the first solvent, and a functional material that is soluble
in the first solvent and the second solvent and that forms the
functional layer, the first solvent being a solvent such that
when used alone, a functional layer to be formed between
banks has a shape such that the functional layer is thicker at
both end portions than at a central portion and the top surfaces
of the end portions are positioned higher than the top surface
of the central portion, the second solvent being a solvent such
that when used alone, a functional layer to be formed between
banks has a shape such that the functional layeris thicker at a
central portion than at both end portions and the top surface of
the central portion is positioned higher than the top surfaces
of the end portions, the boiling point of the first solvent being
equal or similar to the boiling point of the second solvent; a
second step of filling the ink into an inkjet device having an
ink ejection nozzle; a third step of preparing a substrate that
has a base layer, the base layer including a first electrode; a
fourth step of causing the inkjet device to eject droplets of the
ink withrespect to the base layer; a fifth step of forming anink
droplet film by applying the ink droplets onto the base layer;
a sixth step of causing the first solvent and the second solvent
to evaporate from the ink droplet film at a similar timing and
thereby forming the functional layer such that the level of the
top surface of the functional layer will become uniform
throughout from the end portions to the central portion and
the thickness of the functional layer will become uniform
from the end portions to the central portion; and a seventh step
of forming a second electrode that differs from the first elec-
trode above the functional layer.

[0064] The method for manufacturing an organic light-
emitting element pertaining to one aspect of the present
invention comprises: a first step of preparing an ink for form-
ing a functional layer of the organic light-emitting element,
the ink including a first solvent, a second solvent that differs
from the first solvent, and a functional material that is soluble
in the first solvent and the second solvent and that forms the
functional layer, when the ratio (o/m) of the surface tension o
(mN-m™") of the ink to the viscosity 1| (mPa-S) of the ink is y,
an ink imitatively prepared by replacing the second solvent
with the first solvent satisfying y>1.9, an ink imitatively pre-
pared by replacing the first solvent with the second solvent
satisfying y<1.9, the difference in boiling point between the
first solvent and the second solvent being equal to or smaller
than 9° C.; a second step of filling the ink into an inkjet device
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having an ink ejection nozzle; a third step of preparing a
substrate that has a base layer, the base layer including a first
electrode; a fourth step of causing the inkjet device to eject
droplets of the ink with respect to the base layer; a fifth step of
forming an ink droplet film by applying the ink droplets onto
the base layer; a sixth step of causing the first solvent and the
second solvent to evaporate from the ink droplet film at a
similar timing and thereby forming the functional layer such
that the level of the top surface of the functional layer will
become uniform throughout from the end portions to the
central portion and the thickness of the functional layer will
become uniform from the end portions to the central portion;
and a seventh step of forming a second electrode that differs
from the first electrode above the functional layer.

[0065] In the method for manufacturing an organic light-
emitting element pertaining to one aspect of the present
invention, in the first step, the ink may be prepared by mixing
the functional material, the first solvent, and the second sol-
vent so that y satisfies y=1.9.

[0066] In the method for manufacturing an organic light-
emitting element pertaining to one aspect of the present
invention, in the first step, the ink may be prepared by mixing
the first solvent and the second solvent in a mixing ratio such
that the level of the top surface of the functional layer will
become uniform throughout from the end portions to the
central portion and the thickness of the functional layer will
become uniform from the end portions to the central portion.
[0067] In the method for manufacturing an organic light-
emitting element pertaining to one aspect of the present
invention, in the first step, the first solvent and the second
solvent may be mixed according to a mixing ratio o/f3,
wherein in a light-emitting region of an organic light-emitting
element, when the degree of planarity PI of the following
[Equation 1] is expressed by the thickness d . of the functional
layer at the central portion side and the thicknesses d;, d; of
the functional layer at one end portion side and the other end
portion side:

Pl=d~(d,+dg)2

[0068] where PL: the degree of planarity, d_: the thickness at
the central portion side, d,: the thickness at one end portion
side, and dy: the thickness at the other end portion side, the
mixing ratio is expressed by a, which is the reciprocal of the
absolute value of a degree of planarity PI,, and f§, which is the
reciprocal of the absolute value of a degree of planarity PI,,in
the following [Equation 2]:

[Equation 1]

axPI,=pxPL [Equation 2]
where
[0069] PI;: the degree of planarity of a functional layer

imitatively formed with replacement of the second solvent
with the first solvent,

[0070] o the reciprocal of the absolute value of the degree
of planarity PI,,
[0071] PL,: the degree of planarity of a functional layer

imitatively formed with replacement of the first solvent with
the second solvent, and

[0072] P: the reciprocal of the absolute value of the degree
of planarity P1,.
[0073] In the method for manufacturing an organic light-

emitting element pertaining to one aspect of the present
invention, in the first step, the ink may be prepared by mixing
the first solvent and the second solvent such that the first
solvent and the second solvent are present each in an amount
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within 15 vol % of their individual volumetric concentration
determined according to the mixing ratio o/f.

[0074] In the method for manufacturing an organic light-
emitting element pertaining to one aspect of the present
invention, in the first step, the boiling point of the second
solvent may be higher than the boiling point of the first
solvent.

[0075] In the method for manufacturing an organic light-
emitting element pertaining to one aspect of the present
invention, each ofthe end portions of the functional layer may
be an area of the light-emitting region corresponding to a
distance of 12.5% of the entire length of the light-emitting
region from a corresponding end of the light-emitting region
towards the center of the light-emitting region, and the central
portion of the functional layer may be an area corresponding
to the center of the light-emitting region.

[0076] In the method for manufacturing an organic light-
emitting element pertaining to one aspect of the present
invention, the functional layer may have a rectangular shape
in plan view, and the light-emitting region may correspond to
the short side direction of the functional layer.

[0077] In the method for manufacturing an organic light-
emitting element pertaining to one aspect of the present
invention, in the first step, the first solvent may be cyclohexy-
Ibenzene, the second solvent may be 1-methylnaphthalene,
and the functional material may be F8-F6. In the method for
manufacturing an organic light-emitting element pertaining
to one aspect of the present invention, in the first step, the
mixing ratio o/f of the first solvent and the second solvent
may be within a range of 28/72 to 78/22.

[0078] In the method for manufacturing an organic light-
emitting element pertaining to one aspect of the present
invention, in the first step, the first solvent may be heptylben-
zene, the second solvent may be 1-methylnaphthalene, and
the functional material may be F8-F6. In the method for
manufacturing an organic light-emitting element pertaining
to one aspect of the present invention, in the first step, the
mixing ratio o/f of the first solvent and the second solvent
may be within a range of 5/95 to 38/62.

[0079] In the method for manufacturing an organic light-
emitting element pertaining to one aspect of the present
invention, the functional material may be an organic light-
emitting material.

[0080] The method for manufacturing an organic light-
emitting element pertaining to one aspect of the present
invention comprises: a first step of preparing an ink for form-
ing a functional layer of the organic light-emitting element,
the ink including a first solvent, a second solvent that differs
from the first solvent, and a functional material that is soluble
in the first solvent and the second solvent and that forms the
functional layer, when the ratio (o/m) of the surface tension o
(mN-m™") of an ink of the time when used alone as a solvent
of the functional material to the viscosity 1 (mPa-s) of the ink
is vy, the ink imitatively prepared by replacing the second
solvent with the first solvent satisfying y>1.9, the ink imita-
tively prepared by replacing the first solvent with the second
solvent satisfying y<1.9, the difference in boiling point
between the first solvent and the second solvent being equal to
or smaller than 9° C.; a second step of filling the ink into an
inkjet device having an ink ejection nozzle; a third step of
preparing a substrate that has a base layer, the base layer
including a first electrode; a fourth step of causing the inkjet
device to eject droplets of the ink with respect to the base
layer; a fifth step of forming an ink droplet film by applying
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the ink droplets onto the base layer; a sixth step of causing the
first solvent and the second solvent to evaporate from the ink
droplet film at a similar timing and thereby forming the func-
tional layer such that the level of the top surface of the func-
tional layer will become uniform throughout from the end
portions to the central portion and the thickness of the func-
tional layer will become uniform from the end portions to the
central portion; and a seventh step of forming a second elec-
trode that differs from the first electrode above the functional
layer.

[0081] The organic light-emitting element pertaining to
one aspect of the present invention is an organic light-emit-
ting element manufactured according to the above-described
manufacturing method.

[0082] The organic display device pertaining to one aspect
of the present invention is an organic display device compris-
ing the above-described organic light-emitting element.
[0083] The organic light-emitting device pertaining to one
aspect of the present invention is an organic light-emitting
element comprising the above-described organic light-emit-
ting element.

[0084] The method for forming a functional layer pertain-
ing to one aspect of the present invention comprises: a first
step of preparing an ink for forming the functional layer, the
ink including a first solvent, a second solvent that differs from
the first solvent, and a functional material that is soluble in the
first solvent and the second solvent and that forms the func-
tional layer, the first solvent being a solvent such that, when
the second solvent is replaced with the first solvent and then
a functional layer is formed imitatively, the imitatively
formed functional layer has a shape such that end portions
thereof protrude higher than a central portion thereof, the
second solvent being a solvent such that, when the first sol-
vent is replaced with the second solvent and then a functional
layer is formed imitatively, the imitatively formed functional
layer has a shape such that a central portion thereof protrudes
higher than end portions thereof; and a second step of forming
the functional layer such that the level of the top surface of the
functional layer will become uniform and the thickness of the
functional layer will become uniform by applying the ink
onto a base layer so as to form an ink application film and
drying the ink application film by causing the first solvent and
the second solvent to evaporate from the ink application film
ata similar timing, the drying of the ink application film being
performed while maintaining a ratio between the first solvent
and the second solvent in the ink application film at a prede-
termined ratio.

[0085] Inthe method for forming a functional layer pertain-
ing to one aspect of the present invention, in the first step, the
ink may be prepared by mixing the first solvent and the
second solvent in a mixing ratio such that the level of the top
surface of the functional layer will become uniform through-
out from the end portions to the central portion and the thick-
ness of the functional layer will become uniform from the end
portions to the central portion

[0086] Inthe method for forming a functional layer pertain-
ing to one aspect of the present invention, in the first step, the
first solvent and the second solvent may be mixed according
to amixing ratio o/ 3, wherein in a light-emitting region of an
organic light-emitting element, when the degree of planarity
PI of the following [Equation 1] is expressed by the thickness
d. of the functional layer at the central portion side and the
thicknesses d,, d of the functional layer at one end portion
side and the other end portion side:
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PI=d —(dy+dg)2

[0087] where PL: the degree of planarity, d: the thickness
at the central portion side, d, : the thickness at one end portion
side, and d: the thickness at the other end portion side, the
mixing ratio is expressed by a, which is the reciprocal of the
absolute value of a degree of planarity PI,, and f§, which is the
reciprocal of the absolute value of a degree of planarity P1,, in
the following [Equation 2]:

[Equation 1]

axPl=pxPL, [Equation 2]
where
[0088] PI;: the degree of planarity of a functional layer

imitatively formed with replacement of the second solvent
with the first solvent,

[0089] cu the reciprocal of the absolute value of the degree
of planarity PI,,
[0090] PL,: the degree of planarity of a functional layer

imitatively formed with replacement of the first solvent with
the second solvent, and

[0091] vy: the reciprocal of the absolute value of the degree
of planarity PL,.

[0092] Inthe methodfor forming a functional layer pertain-
ing to one aspect of the present invention, in the first step, the
ink may be prepared by mixing the first solvent and the
second solvent such that the first solvent and the second
solvent are present each in an amount within =15 vol % of
their individual volumetric concentration determined accord-
ing to the mixing ratio o/f} described in claim 36.

[0093] Inthe methodfor forming a functional layer pertain-
ing to one aspect of the present invention, in the first step, the
difference in boiling point between the first solvent and the
second solvent may be equal to or smaller than 9° C.

[0094] Inthe methodfor forming a functional layer pertain-
ing to one aspect of the present invention, in the first step, the
boiling point of the second solvent may be higher than the
boiling point of the first solvent.

[0095] Inthe method for forming a functional layer pertain-
ing to one aspect of the present invention, in the first step,
when the ratio (o/1) of the surface tension a (mN-m™") of the
ink to the viscosity 1 (mPa-s) of the ink is y, the ink imitatively
prepared by replacing the second solvent with the first solvent
may satisfy y>1.9, and the ink imitatively prepared by replac-
ing the first solvent with the second solvent may satisfy y<1.9.
[0096] Inthe methodforforming a functional layer pertain-
ing to one aspect of the present invention, each of the end
portions of the functional layer may be an area of the light-
emitting region corresponding to a distance of 12.5% of the
entire length of the light-emitting region from a correspond-
ing end of the light-emitting region towards the center of the
light-emitting region, and the center portion of the functional
layer may be an area corresponding to the center of the light-
emitting region.

[0097] Inthe methodforforming a functional layer pertain-
ing to one aspect of the present invention, the functional layer
may have a rectangular shape in plan view, and the light-
emitting region may correspond to the short side direction of
the functional layer.

[0098] Inthe methodfor forming a functional layer pertain-
ing to one aspect of the present invention, in the first step, the
first solvent may be cyclohexylbenzene, the second solvent
may be 1-methylnaphthalene, and the functional material
may be F8-F6. In the method for forming a functional layer
pertaining to one aspect of the present invention, in the first
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step, the mixing ratio o/ of the first solvent and the second
solvent may be within a range of 28/72 to 72/28.

[0099] Inthe method for forming a functional layer pertain-
ing to one aspect of the present invention, in the first step, the
first solvent may be heptylbenzene, the second solvent may
be 1-methylnaphthalene, and the functional material may be
F8-F6. In the method for forming a functional layer pertain-
ing to one aspect of the present invention, in the first step, the
mixing ratio o/p of the first solvent and the second solvent
may be within a range of 5/95 to 38/62.

[0100] Inthe method for forming a functional layer pertain-
ing to one aspect of the present invention, the functional
material may be an organic light-emitting material.

[0101] The functional member pertaining to one aspect of
the present invention is a functional member comprising a
functional layer formed according to the above-described
method.

[0102] The display device pertaining to one aspect of the
present invention comprises: a first electrode; a second elec-
trode; and a functional layer formed according to the above-
described method disposed between the first electrode and the
second electrode.

[0103] Thelight-emitting device pertaining to one aspect of
the present invention comprises: a first electrode; a second
electrode; and a functional layer formed according to the
above-described method disposed between the first electrode
and the second electrode.

[Ink for Organic Light-Emitting Element]

[0104] An ink for an organic light-emitting element (re-
ferred to hereinafter simply as “ink”) pertaining to one aspect
of the present invention includes at least a functional material,
a first solvent, and a second solvent. The boiling point of the
first solvent is equal to or similar to the boiling point of the
second solvent.

[0105] [Functional Material]

[0106] The functional material is a material that forms a
functional layer of an organic light-emitting element, and is,
for example, an organic light-emitting material. One exem-
plary example of the organic light-emitting material is F8-F6
(a copolymer of F8 (polydioctylfluorene) and F6 (polydi-
hexylfluorene).

[0107] In addition, such materials as provided in the fol-
lowing may be used as the functional material instead of
F8-F6. Such materials include: a fluorene compound other
than F8-F6 such as F8 and F6; an oxinoid compound;
perylene compound; coumarin compound; azacoumarin
compound; oxazole compound; oxadiazole compound,
perinone compound; pyrrolo-pyrrole compound; naphtha-
lene compound; anthracene compound; fluoranthene com-
pound; tetracene compound; pyrene compound; coronene
compound; quinolone compound and azaquinolone com-
pound,

[0108] pyrazoline derivative and pyrazolone derivative;
rhodamine compound; chrysene compound; phenanthrene
compound; cyclopentadiene compound; stilbene compound,
diphenylquinone compound; styryl compound; butadiene
compound; dicyanomethylene pyran compound; dicyanom-
ethylene thiopyran compound; fluorescein compound; pyry-
lium compound; thiapyrylium compound,

[0109] selenapyrylium compound; telluropyrylium com-
pound; aromatic aldadiene compound; oligophenylene com-
pound; thioxanthene compound; anthracene compound; cya-
nine compound; acridine compound; metal complex of an
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8-hydroxyquinoline compound; metal complex of a 2-bipy-
ridine compound; complex of a Schiff base and a group three
metal; metal complex of oxine; rare earth metal complex, etc
(refer to Patent Literature 2). Note that such compounds and
complexes may be used either independently or in combina-
tion by mixing a plurality of such compounds and complexes.
[0110] In addition, the functional material is completely
soluble in each of the first solvent and the second solvent.
[0111] [First Solvent]

[0112] The first solvent is a solvent such that, when the
second solvent in the ink is replaced with the first solvent and
then a functional layer is formed imitatively, the imitatively
formed functional layer has, in a light-emitting region of
organic light-emitting element, a shape such that the func-
tional layer is thicker at both end portions than at a central
portion and the top surfaces of the end portions are positioned
higher than the top surface of the central portion. Alterna-
tively, the first solvent may be a solvent such that, when the
second solvent is replaced with the first solvent and then a
functional layer is formed imitatively, the imitatively formed
functional layer has a shape such that end portions thereof
protrude higher than a top surface thereof. Alternatively, the
first solvent may be a solvent such that when used alone, a
functional layer to be formed between banks has a shape such
that the functional layer is thicker at both end portions than at
a central portion and the top surfaces of the end portions are
positioned higher than the top surface of the central portion.
[0113] One example of a specific shape of an imitatively
formed functional layer that is to be formed when the second
solvent in the ink is replaced with the first solvent is a concave
shape. Here, the term “concave shape” refers to, for example,
a shape exhibited by a functional layer having a concave top
surface and a planar bottom surface. However, the shape
indicated by the term “concave shape” is not limited to this.
For example, a functional layer having a “concave shape”
need not have a planar bottom surface, and instead, a func-
tional layer having a “concave shape” may have a concave or
convex bottom surface, or may have an uneven bottom sur-
face with concavities and convexities. However, in any case,
it is exemplary that a functional layer having a “concave
shape” have a concave top surface.

[0114] The term “end portions” may refer to given loca-
tions in the vicinity of respective ends of a functional layer,
and the term “central portion” may refer to a given location in
the vicinity of a center of a functional layer. Thus, the indi-
cation that the functional layer is thicker at both end portions
than at a central portion indicates that the film thickness of the
functional layer at given locations in the vicinity of respective
ends of the functional layer is greater than the film thickness
of the functional layer at a given location in the vicinity of a
center of the functional layer. Hence, such an indication does
not necessarily indicate a state of a functional layer where the
film thickness of the functional layer gradually increases as
approaching respective ends of the functional layer from a
center of the functional layer. Accordingly, a functional layer
having a “concave shape” does not necessarily exhibit a con-
cave shape where the height of a top surface of the functional
layer is smallest at a center of the functional layer. Instead, a
functional layer having a “concave shape” may exhibit a
concave shape where the height of a top surface of the func-
tional layer is smallest at a middle point between a center of
the functional layer and one end of the functional layer. Fur-
ther, a functional layer having a “concave shape” does not
necessarily exhibit a concave shape where the height of a top
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surface of the functional layer gradually decreases as
approaching a center of the functional layer from respective
ends of the functional layer. Instead, a functional layer having
a “concave shape” may exhibit a concave shape where local
increases exist in the height of a top surface of the functional
layer at middle points between a center of the functional layer
and respective ends of the functional layer. That is, the height
of atop surface of a functional layer having a “concave shape”
need not gradually decrease as approaching a center of the
functional layer from respective ends of the functional layer,
and a certain level of unevenness may exist on the top surface
of the functional layer.

[0115] Specific examples of solvents which may be used as
the first solvent include: cyclohexylbenzene (CHB); heptyl-
benzene (HB); methoxytoluene (MT); butyl phenyl ether
(BPE); and pentylbenzene (PB). However, solvents which
may be used as the first solvent are not limited to those
solvents presented above, and other solvents may also be
used.

[0116] Inaddition,itis exemplary that, when theratio (o/1))
of a surface tension o (mN-m™") of an ink to a viscosity m
(mPa-s) of the ink is y, an ink imitatively prepared by replac-
ing the second solvent with the first solvent satisfy y>1.9.
Detailed explanation concerning the value y is provided in the
following.

[0117] [Second Solvent]

[0118] The second solvent is a solvent such that when the
first solvent is replaced with the second solvent and then a
functional layer is formed imitatively, the imitatively formed
functional layer has, in a light-emitting region of an organic
light-emitting element, a shape such that the functional layer
is thicker at a central portion than at both end portions and the
top surface of the central portion is positioned higher than the
top surfaces of the end portions. Alternatively, the second
solvent may be a solvent such that, when the first solvent is
replaced with the second solvent and then a functional layer is
formed imitatively, the imitatively formed functional layer
has a shape such that a central portion thereof protrudes
higher than end portions thereof Alternatively, the second
solvent may be a solvent such that when used alone, a func-
tional layer to be formed between banks has a shape such that
the functional layer is thicker at a central portion than at both
end portions and the top surface of the central portion is
positioned higher than the top surfaces of the end portions.
[0119] One example of a specific shape of an imitatively
formed functional layer that is to be formed when the first
solvent in the ink is replaced with the second solvent is a
convex shape. Here, the term “convex shape” refers to, for
example, a shape exhibited by a functional layer having a
convex top surface and a planar bottom surface. However, the
shape indicated by the term “convex shape” is not limited to
this. For example, a functional layer having a “convex shape”
need not have a planar bottom surface, and instead, the func-
tional layer having a “convex shape” may have a concave or
convex bottom surface, or may have an uneven bottom sur-
face with concavities and convexities. However, in any case,
it is exemplary that a functional layer having a “convex
shape” have a convex top surface.

[0120] The locations of a functional layer indicated by the
terms “end portions” and “central portion” are as explained
above. Thus, the indication that the functional layer is thicker
at a central portion than at both end portions indicates that the
film thickness of a functional layer at a given location in the
vicinity of a center of the functional layer is greater than the
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film thickness of the functional layer at given locations in the
vicinity of respective ends of the functional layer. Hence,
such an indication does not necessarily indicate a state of a
functional layer where the film thickness of the functional
layer gradually increases as approaching a center of the func-
tional layer from respective ends of the functional layer.
Accordingly, a functional layer having a “convex shape” does
not necessarily exhibit a convex shape where the height of a
top surface of the functional layer is greatest at a center of the
functional layer. Instead, a functional layer having a “convex
shape” may exhibit a convex shape where the height of a top
surface of the functional layer is greatest at a middle point
between a center of the functional layer and one end of the
functional layer. Further, a functional layer having a “convex
shape” does not necessarily exhibit a convex shape where the
height of a top surface of the functional layer gradually
increases as approaching a center of the functional layer from
respective ends of the functional layer. Instead, a functional
layer having a “convex shape” may exhibit a convex shape
where local decreases exist in the height of a top surface of the
functional layer at middle points between a center of the
functional layer and respective ends of the functional layer.
That is, the height ofa top surface of a functional layer having
a “convex shape” need not gradually increase as approaching
a center of functional layer from respective ends of the func-
tional layer, and a certain level of unevenness may exist on a
top surface of the functional layer.

[0121] Specific examples of solvents which may be used as
the second solvent include: 1-methylnaphthalene (1MN);
nonylbenzene (NB); and 1-ethylnaphthalene. However, sol-
vents which may be used as the second solvent are not limited
to those solvents presented above, and other solvents may
also be used.

[0122] In addition, it is exemplary that, an ink imitatively
prepared by replacing the first solvent with the second solvent
satisfy y<1.9. Detailed explanation concerning the value vy is
provided in the following.

[Experimentation and Consideration]

[0123] [Shapes of Functional Layers Formed with Single
Solvent-Type Inks]

[0124] FIGS. 1A and 1B illustrate results of consideration
carried out concerning the shapes of functional layers formed
by using single solvent-type inks. In the experiments, various
single solvent-type inks were prepared by dissolving the
functional material in various solvents, and the shapes of the
functional layers formed by using the various single-solvent
type inks were observed.

[0125] Intheexperiments, F8-F6 was used as the functional
material, and the single solvent-type inks were each prepared
so as to have a concentration of 1.2 wt %. Further, by using
each of the single solvent-type inks, functional layers were
formed so as to have rectangular shapes in plan view and
further, so as to form lines in plan view. More specifically, for
each of the single solvent-type inks, a functional layer was
formed so as to have a short side length of 60 um and so as to
have an average film thickness (an average film thickness
between two ends of a functional layer in the short side
direction) of 80 nm. The graphs in FIGS. 1A and 1B each
indicate the shape of a functional layer formed by using a
corresponding single solvent-type ink. In the graphs, the X
axis indicates the short side length of a functional layer, and
the Y axis indicates the film thickness of a functional layer.
Note that unless otherwise indicated, functional layers are
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formed according to the above-described conditions in other
experiments to be described in the following as well.

[0126] As illustrated in FIG. 1A, the functional layers
formed by using MT, HB, BPE, and PB each exhibited a
concave shape. In contrast, as illustrated in FIG. 1B, the
functional layers formed by using 1MN and NB each exhib-
ited a convex shape. Further, the concave shapes of the func-
tional layers formed by using MT, HB, BPE, and PB and the
convex shapes of the functional layers formed by using 1MN
and NB, which are illustrated in FIGS. 1A and 1B, were
maintained regardless of time elapsing since the forming of
the functional layers.

[0127] The above-described experiments revealed that
functional layers having convex shapes, in addition to func-
tional layers having concave shapes, can be yielded by using
different solvents, which conformed to the predictions made
by the inventors prior to the experiments. Further, based on
the results of the experiments, the inventors arrived at the
conception that a functional layer having a high degree of
planarity can be yielded by forming a functional layer by
using an ink including an appropriate combination of (i) one
solvent having a characteristic of forming a functional layer
having a concave shape (referred to hereinafter as a “solvent
having a concavity-forming characteristic”) and (ii) another
solvent having a characteristic of forming a functional layer
having a convex shape (referred to hereinafter as a “solvent
having a convexity-forming characteristic”) since the con-
cave-forming characteristic of one solvent and the convexity-
forming characteristic of the other solvent would neutralize
each other in the ink. Note that a solvent may exist, which
fauns a functional layer having a concave shape when a con-
centration of the functional material is lower than commonly
included in an ink but forms a functional layer having a
convex shape when a concentration of the functional material
is higher than commonly included in an ink. However, such a
case is not taken into consideration here, and the concavity-
forming characteristics and the convexity-forming character-
istics as referred to herein are those exhibited by solvents in
inks including an appropriate concentration of the functional
material, which can be actually prepared.

[0128] [Combination of Solvents]

[0129] The inventors investigated an exemplary combina-
tion of solvents by preparing various solvent mixture-type
inks. In the following, two examples, in each of which a
combination of a solvent having a concavity-forming charac-
teristic and a solvent having a convexity-forming character-
istic yielded a functional layer having a high degree of pla-
narity, are described as implementation examples 1 and 2. In
addition, an example, in which a combination of two types of
solvents both having concavity-forming characteristics did
not yield a functional layer having a high degree of planarity,
is described as comparative example 1. Further, an example,
in which, although a solvent having a concavity-forming
characteristic and a solvent having a convexity-forming char-
acteristic were used in combination, a functional layer having
a high degree of planarity was not yielded, is described as
comparative example 2.

[0130] FIG. 2 illustrates the combination in implementa-
tion example 1. A functional layer formed by using a single
solvent-type ink including CHB (CHB corresponds to the
first solvent) exhibited a concave shape, as illustrated in por-
tion (a) of FIG. 2. Onthe other hand, a functional layer formed
by using a single solvent-type ink including IMN (1MN
corresponds to the second solvent) exhibited a convex shape,
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as illustrated in portion (a) of FIG. 2. Further, a functional
layer formed by using a solvent mixture-type ink including
CHB and 1MN exhibited a higher degree of planarity than the
functional layer formed by using the single solvent-type ink
including CHB and the functional layer formed by using the
single solvent-type ink including 1MN, as illustrated in por-
tion (b) of FIG. 2. In addition, by mixing CHB and IMN ata
predetermined mixing ratio (CHB/1MN=70/30), a functional
layer having excellent planarity was yielded.

[0131] FIG. 3 illustrates the combination in implementa-
tion example 2. A functional layer formed by using a single
solvent-type ink including HB (HB corresponds to the first
solvent) exhibited a concave shape, as illustrated in portion
(a) of FIG. 3. The shape of the functional layer formed by
using the single solvent-type ink including 1MN was as
described above. A functional layer formed by using a solvent
mixture-type ink including HB and 1MN exhibited a higher
degree of planarity than the functional layer formed by using
the single solvent-type ink including HB and the functional
layer formed by using the single solvent-type ink including
IMN, as illustrated in portion (b) of FIG. 3. In addition, by
mixing HB and 1IMN at a predetermined mixing ratio (HB/
1MN=20/80), a functional layer having excellent planarity
was yielded.

[0132] FIG. 4 illustrates the combination in comparative
example 1. A functional layer formed by using a single sol-
vent-type ink including PB (PB corresponds to the first sol-
vent) exhibited a concave shape, as illustrated in portion (a) of
FIG. 4. The shape of the functional layer formed by using the
single solvent-type ink including IMN was as described
above. Although the solvent mixture-type ink prepared by
using PB and 1MN included a combination of a solvent
having a concavity-forming characteristic and a solvent hav-
ing a convexity-forming characteristic, the functional layer
vielded by using the solvent mixture-type ink including PB
and IMN exhibited an unexpectedly low degree of planarity,
as illustrated in portion (b) of FIG. 4. In fact, the functional
layer formed by using the solvent mixture-type ink including
PB and 1MN exhibited a higher degree of convexity than the
functional layer formed by using the single solvent-type ink
including 1IMN.

[0133] FIG. 5 illustrates the combination in comparative
example 2. The shapes of the functional layers formed by
using the single solvent-type ink including CHB and the
single solvent-type ink including HB were as described above
and as illustrated in portion (a) of FIG. 5. Since the solvent
mixture-type ink formed by using CHB and HB included a
combination of two solvents both having concavity-forming
characteristics, the functional layer formed by using the sol-
vent mixture-type ink exhibited a concave shape, as illus-
trated in portion (b) of FIG. 5. Further, the functional layer
formed by using the solvent mixture-type ink including the
combination of CHB and HB exhibited a concave shape
regardless of the mixing ratio at which the two solvents were
mixed. Similarly, the functional layer formed by using the
solvent mixture-type ink including the combination of CHB
and HB did not exhibit improved planarity, and the functional
layer formed by using the solvent mixture-type ink including
CHB and HB consistently exhibited a lower or equal degree
of planarity compared to the functional layer formed by using
the single solvent-type ink including HB.

[0134] The results of the experiments, which are indicated
in FIGS. 2 through 5, revealed the following. First, the results
of implementation examples 1 and 2 revealed that a combi-
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nation of a solvent having a concavity-forming characteristic
and a solvent having a convexity-forming characteristic
vyields a functional layer having a high degree of planarity and
that, by mixing such solvents at an exemplary mixing ratio, a
functional layer having excellent planarity can be yielded.
However, the results of comparative example 1 revealed that
merely combining a solvent having a concavity-forming
characteristic and a solvent having a convexity-forming char-
acteristic does not guarantee that a functional layer having a
high degree of planarity is yielded. This is since there were
cases where a combination of a solvent having a concavity-
forming characteristic and a solvent having a convexity-form-
ing characteristic did not yield a functional layer having an
improved degree of planarity. In addition, the results of com-
parative example 2 revealed that a combination of two sol-
vents both having the same characteristics does not yield a
functional layer having an improved degree of planarity. This
is since the combination of two solvents both having concav-
ity-forming characteristics only resulted in a functional layer
having a concave shape being yielded.

[0135] FIG. 6 illustrates surface tensions and boiling points
of'various solvents. The solvents CHB and 1MN, which were
used in implementation example 1, have equal or similar
boiling points, and similarly, the solvents HB and 1MN,
which were used in implementation example 2, have equal or
similar boiling points, as illustrated in FIG. 6. In contrast, the
solvents PB and 1MN, which were used in comparative
example 1, have considerably different boiling points. Based
on this, the inventors arrived at an assumption that the boiling
points of the solvents used in the experiments may account for
the different outcome obtained from cases where combina-
tions of a solvent having a concavity-forming characteristic
and a solvent having a convexity-forming characteristic were
similarly used. That is, the inventors considered that the
degree of improvement in the planarity of a functional layer
formed by using a combination of a solvent having a concav-
ity-forming characteristic and a solvent having a convexity-
forming characteristic may be influenced by the boiling
points of the solvents combined. As such, the inventors
arrived at the conception that, in order so as to yield a func-
tional layer having a high degree of planarity, it is exemplary
notonly to use acombination of a solvent having a concavity-
forming characteristic and a solvent having a convexity-form-
ing characteristic but also to ensure that the solvents to be
combined have equal or similar boiling points. Further, by
carrying out consideration by actually mixing solvents hav-
ing equal or similar boiling points, the inventors found that,
when solvents having equal or similar boiling points are
mixed to form a solvent mixture-type ink, the shape of the
functional layer yielded changes in accordance with the mix-
ing ratio at which such solvents are mixed.

[0136] That is, the inventors arrived at the conception that a
planar functional layer can be yielded by (i) using a combi-
nation of a solvent having a concavity-forming characteristic
and a solvent having a convexity-forming characteristic and
thereby neutralizing the characteristics of the solvents in the
solvent mixture-type ink and (ii) using a combination of
solvents having equal or similar boiling points and thereby
causing the solvents to evaporate from the solvent mixture-
type ink at a similar timing. By forming a functional layer by
using a solvent mixture-type ink including a combination of
solvents fulfilling the above-described conditions, a func-
tional layer having a high degree of planarity can be yielded
since a ratio between the solvents in the solvent mixture-type
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ink can be maintained at a predetermined ratio while the
solvents evaporate, which further results in the characteristics
of the solvents being neutralized until the evaporation of the
solvents is completed.

[0137] [Evaluation by Planarity Degree PI]

[0138] So as to obtain an ink that forms a functional layer
having an even higher degree of planarity, the inventors inves-
tigated a method for performing a more precise evaluation of
the planarity of functional layers. Accordingly, the inventors
decided to evaluate a degree of planarity of a functional layer
according to the difference in film thickness of the functional
layer at different portions thereof, namely, at a central portion
of the functional layer and at end portions of the functional
layer. In specific, the inventors decided to evaluate a degree of
planarity of a functional layer by applying a planarity degree
PI. The planarity degree PI, which indicates a degree of pla-
narity of a functional layer, is calculated by subtracting, from
avalue indicating the film thickness at a central portion of the
functional layer, a value which is an average of values each
indicating the film thickness of the functional layer at one of
left and right end portions of the functional layer.

[0139] Asindicated in Equation 1 above, a planarity degree
PI of a functional layer is indicated by using d.., which indi-
cates the film thickness of the functional layer at a central
portion of the functional layer within a light-emitting region
of an organic light-emitting element including the functional
layer, and d; and dg, which respectively indicate the film
thickness of the functional layer at one end portion of the
functional layer within the light-emitting region and the film
thickness of the functional layer at the other end portion
within the light-emitting region. A negative value of a planar-
ity degree PI indicates that a corresponding functional layer
has a concave shape, whereas a positive value of a planarity
degree PI indicates that a corresponding functional layer has
a convex shape. Further, an absolute value of a planarity
degree Pl indicates a degree of concavity/convexity of a cor-
responding functional layer.

[0140] FIG. 7 illustrates “ends” and a “center” of a func-
tional layer. In the present disclosure, a center of a functional
layer is an area corresponding to a center of a light-emitting
region of an organic light-emitting element including the
functional layer, as illustrated in FIG. 7. Further, each of ends
of a functional layer is an area corresponding to a distance of
12.5% of an entire length of the light-emitting region from a
corresponding end of the light-emitting region towards the
center of the light-emitting region. In specific, when the entire
length of the light-emitting region is 60 pum, each end of a
functional layer is located at a distance of 7.5 um from a
corresponding end of the light-emitting region. Note that the
ends of a light-emitting region as described above correspond
to, for example, two edges of a top surface of a functional
layer.

[0141] Further, theinventors decided to evaluate a degree of
planarity of a functional layer by additionally using the dif-
ference between the film thickness of a functional layer at a
central portion of the functional layer and the film thickness
of the functional layer at middle points of the functional layer
so as to realize a more precise evaluation of the degree of
planarity of the functional layer. In specific, the inventors
decided to evaluate a degree of planarity of a functional layer
by applying a planarity degree PI,,. A planarity degree P1,,,
which indicates a degree of planarity of a functional layer, is
calculated by subtracting, from a value indicating the film
thickness at a central portion of the functional layer, a value
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which is an average of values each indicating the film thick-
ness of the functional layer at one of left and right middle
points.

[0142] As indicated in [Equation 3] below, a planarity
degree PI,, of a functional layer is indicated by using d,
which indicates the film thickness of the functional layer at a
central portion within a light-emitting region of an organic
light-emitting element including the functional layer,and d,
and d,, . which respectively indicate the film thickness of the
functional layer at one middle point within the light-emitting
region and the film thickness of the functional layer at the
other middle point within the light-emitting region. The
middle points are each located between a corresponding end
portion within the light-emitting region and the central por-
tion within the light-emitting region. Further, a negative value
of a planarity degree P, ,indicates that a corresponding func-
tional layer has a concave shape, whereas a positive value of
a planarity degree PI,, indicates that a corresponding func-
tional layer has a convex shape. In addition, an absolute value
of a planarity degree PI,, indicates a degree of concavity/
convexity of a corresponding functional layer.

Phy=dc~(dyy+da)2

[0143] PI,, aplanarity degree of a functional layer, d: the
film thickness of the functional layer at a central portion, d, ,; :
the film thickness of the functional layer at one middle por-
tion, d,z: the film thickness of the functional layer at the
other middle portion

[0144] Inthe present disclosure, each of middle points of a
functional layer is an area of a light-emitting region of an
organic light-emitting layer including the functional layer
that corresponds to a distance of 25% of an entire length of the
light-emitting region from a corresponding end of the light-
emitting region, as illustrated in FIG. 7. In specific, when the
entire length of the light-emitting region is 60 pum, each
middle point of a functional layer is an area of the light-
emitting region corresponding to a distance of 15 um from a
corresponding end of the light-emitting region.

[0145] Note that values of the planarity degree PI and the
planarity degree PI, ,presented in the following are values for
a functional layer having an average film thickness (an aver-
age film thickness between end portions of the functional
layer) of 80 nm. In cases where a functional layer that was
actually formed did not have an average film thickness of 80
nm, the values of the planarity degree PI and the planarity
degree PI,, for such a functional layer were obtained by
conversion being performed so as to obtain values that are in
accordance with the average film thickness of 80 nm.

[0146] [Solvent Mixture Ratio]

[0147] Itis exemplary that the first solvent and the second
solvent be mixed in a mixing ratio such that the level of the top
surface of the functional layer will become uniform through-
out from the end portions to the central portion and the thick-
ness of the functional layer will become uniform from the end
portions to the central portion. The investigation carried out to
determine an exemplary mixing ratio for mixing the first
solvent and the second solvent revealed that a planar func-
tional layer can be yielded by mixing the two solvents at a
ratio where a term corresponding to one solvent is a reciprocal
of an absolute value of a planarity degree PI of a functional
layer formed by using the solvent.

[0148] FIG. 8 illustrates a mixing ratio o/. It is exemplary
that the first solvent and the second solvent be mixed accord-
ing to a mixing ratio o/f3, as illustrated in FIG. 8.

(Equation 3)
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[0149] The mixing ratio o/p is defined by a, which is a
reciprocal of an absolute value of a planarity degree PI, in
Equation 2 above, and {3, which is a reciprocal of an absolute
value of a planarity degree PI, in Equation 2 above.

[0150] FIG. 9illustrates results of consideration carried out
concerning a mixing ratio o/ for a combination of CHB and
IMN. Inimplementation example 1, where the first solvent is
CHB and the second solvent is IMN, it is exemplary that a
mixing ratio o/ff according to which CHB and 1MN are
mixed be set within a range of 28/72 to 78/22, inclusive. It is
further exemplary that the mixing ratio o/ be set to 53/47. By
setting the mixing ratio o/f within the range of 28/72 to
78/22, a planarity degree PI of a functional layer formed by
using a solvent mixture-type ink including CHB and 1MN
can be set within a range of +4 nm, inclusive. Further, by
setting the mixing ratio o/f to 53/47, the planarity degree PI
of the functional layer formed by using the solvent mixture-
type ink including CHB and 1MN can be set to 0 nm.

[0151] It is known that a life-span of an organic light-
emitting element is shortened when unevenness in film thick-
ness exists in a functional layer included in the organic light-
emitting element. This problem occurs due to electric field
concentration taking place at portions of the functional layer
having comparatively small film thicknesses than other por-
tions. As a result, electricity conducted by such portions of the
functional layer increases, and accordingly, extreme degra-
dation of the functional layer at such portions is brought
about. In addition, it is also known that an organic light-
emitting element having an acceptable life-span can be
vielded by suppressing the unevenness in film thickness of a
functional layer included in the organic light-emitting ele-
ment to within 10% of an overall film thickness of the func-
tional layer. Taking this into account, since the functional
layers formed in the experiments conducted by the inventors
had an overall film thickness 80 nm, the life span of organic
light-emitting elements including such functional layers can
be prevented from being shortened when the unevenness in
film thickness of the functional layers is within the above-
described range of +4 nm.

[0152] FIG. 10 illustrates results of consideration carried
out concerning a mixing ratio o/ for a combination of HB
and IMN. In implementation example 2, where the first sol-
vent is HB and the second solvent is IMN, it is exemplary that
a mixing ratio o/f according to which HB and 1MN are
mixed be set within a range of 5/95 to 38/62, inclusive. It is
further exemplary that the mixing ratio o/ff be set to 22/78. By
setting the mixing ratio o/f within the range of 5/95 to 38/62,
a planarity degree PI of a functional layer formed by using a
solvent mixture-type ink including HB and 1MN can be set
within a range of +4 nm, inclusive. Further, by setting the
mixing ratio o/f to 22/78, the planarity degree PI of the
functional layer formed by using the solvent mixture-type ink
including HB and 1MN can be set to 0 nm.

[0153] The results of implementation examples 1 and 2
revealed that it is exemplary to prepare an ink for forming a
functional layer such that the first solvent and the second
solvent are present in the ink each in an amount within 15 vol
%, inclusive, of their individual volumetric concentration
determined according to the mixing ratio o/f. As described
above, when an ink is prepared by mixing the first solvent and
the second solvent at a mixing ratio o/, a planarity degree P1
of a functional layer formed by using such an ink is 0 nm. By
setting the amount of each of the first solvent and the second
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solvent in an ink in such a manner, a planarity degree PI of a
functional layer formed by using such an ink can be set within
the range of +4 nm.

[0154] As explanation has been provided in the above, an
exemplary mixing ratio that yields a functional layer having a
high degree of planarity can be obtained by simply calculat-
ing (i) a planarity degree PI of an imitatively formed func-
tional layer that is to be formed by using a single solvent-type
ink including only the first solvent and (ii) a planarity degree
PI of an imitatively formed functional layer that is to be
formed by using a single solvent-type ink including only the
second solvent. Similarly, an exemplary mixing ratio that
vyields a functional layer having a high degree of planarity can
be obtained by calculating a planarity degree PI, of an imita-
tively formed functional layer that is to be formed by replac-
ing the second solvent with the first solvent and a planarity
degree PI, of an imitatively formed functional layer that is to
be formed by replacing the first solvent with the second
solvent.

[0155] [Difference in Boiling Points of Various Solvents]
[0156] Inthe above, it has been mentioned that a functional
layer having a high degree of planarity can be formed when
the first solvent and the second solvent included in the solvent
mixture-type ink have equal or similar boiling points. The
inventors investigated when the first solvent and the second
solvent canbe considered as having “equal or similar” boiling
points. That is, the inventors attempted to determine an
acceptable range of the difference in boiling points of the first
solvent and the second solvent.

[0157] FIG. 11 illustrates an influence that a difference in
boiling points of solvents has on evaporation of the solvents.
In conclusion, it is exemplary that it is exemplary that the
difference in boiling point between the first solvent and the
second solvent be equal to or smaller than 9° C., as illustrated
in FIG. 11.

[0158] When the difference in boiling points of the first
solvent and the second solvent was equal to or smaller than 9°
C., the first solvent and the second solvent evaporated at a
similar timing. Hence, the mixed solvent composed of the
first solvent and the second solvent evaporated at a constant
rate regardless of the time having elapsed since the beginning
of evaporation, and similarly, the total evaporation amount of
the mixed solvent increased at a constant rate. When the first
solvent and the second solvent evaporate in the above-de-
scribed manner, control of the atmospheric environment in
the drying process is facilitated, and it is likely that a func-
tional layer having a high degree of planarity is yielded.
Hence, the difference in boiling points of the first solvent and
the second solvent when the first solvent and the second
solvent evaporate in the above-described manner was judged
as being exemplary (judged as “c”).

[0159] In contrast, when the difference in boiling points of
the first solvent and the second solvent exceeded 9° C., the
first solvent and the second solvent did not evaporate at a
similar timing, and the solvent having a lower boiling point
evaporated at a faster rate than the other solvent. Hence, the
mixed solvent composed of the first solvent and the second
solvent evaporated at an inconstant rate which changed
according to the time having elapsed since the beginning of
the evaporation, and similarly, the total evaporation amount
of the mixed solvent increased at an inconstant rate. When the
first solvent and the second solvent evaporate in the above-
described manner, it is not easy to control a ratio of the
solvents composing an ink at a point where a functional layer
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is actually formed by making arrangements to ink formation,
and therefore, it is not easy to yield a functional layer having
ahigh degree of planarity. Hence, the difference in the boiling
points of the first solvent and the second solvent when the first
solvent and the second solvent evaporate in the above-de-
scribed manner was judged as not being exemplary (judged as
“x). In such a case, the rate at which the mixed solvent
evaporated changed since the solvent having a lower boiling
point, among the first solvent and the second solvent, evapo-
rated mainly during a period immediately following the
beginning of evaporation, and since the other solvent having
ahigherboiling point evaporated mainly aftera certain period
of time had elapsed since the beginning of evaporation and
when the amount of the solvent having a lower boiling point
in the mixed solvent had decreased. The solvent having a
higher boiling point evaporated at a slower rate compared to
the solvent having a lower boiling point, which resulted in the
inconstant rate at which the mixed solvent evaporated.
[0160] FIG. 12 illustrates results of consideration carried
out concerning an influence that a difference in boiling points
between solvents has on shapes of functional layers. As illus-
trated in FIG. 12, various solvent mixture-type inks were
prepared by using various combinations of a solvent corre-
sponding to the first solvent and a solvent corresponding to
the second solvent. Further, an evaluation was performed of
the solvent mixture-type inks prepared in such a manner
concerning whether or not the solvents included in such sol-
vent mixture-type inks evaporate at a constant rate. In con-
clusion, the evaporation of solvents from the solvent mixture-
type inks took place at a constant rate when the difference in
boiling points of the solvents was equal to or smaller than 9°
C. Hence, cases where the difference in boiling points of the
solvents was smaller than or equal to 9° C. were judged as
being exemplary (judged as “c”). On the other hand, the
evaporation of solvents from the inks did not take place at a
constant rate when the difference in boiling points of the
solvents included in the ink exceeded 9° C. Hence, cases
where the difference in the boiling points of the solvents
exceeded 9° C. were judged as not being exemplary (judged
as “x”).

[0161] Notethat, although the combinationof CHB and HB
was judged as being exemplary (judged as “o”) since the
difference in boiling points of the solvents was smaller than or
equal to 9° C. and the solvents evaporated from the ink at a
constant rate, a functional layer having a high degree of
planarity was not yielded by using the ink including the
combination. This is since CHB and HB is a combination of
solvents both having concavity-forming characteristics.
[0162] In contrast, the combination of CHB and PT (phe-
noxytoluene) yielded a functional layer having a high degree
of planarity even though the mixed solvent evaporated from
the ink at an inconstant rate. It is considered that such a result
was obtained since one of the solvents (i.e. PT) had a higher
boiling point and a higher viscosity compared to the other
solvent. Hence, the other solvent completely evaporated from
the ink while the evaporation of the solvent having a higher
boiling point was still in progress, which resulted in the
solvent having a higher boiling point remaining in the ink.
The high viscosity of the solvent having a higher boiling point
remaining in the ink contributed in vielding a functional layer
having a high degree of planarity.

[0163] This method of increasing the planarity of a func-
tional layer by: (i) preparing an ink by using a combination of
a solvent having a relatively low boiling point and a solvent
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having a relatively high boiling point; (ii) keeping the viscos-
ity of the ink at a low level upon ejection; and (iii) causing the
solvent having the relatively low boiling point to evaporate
quickly from the ink when the ink has been filled between
banks of an organic light-emitting element and causing the
viscosity of the ink to increase quickly, and thereby suppress-
ing the flow of the ink is conventionally known (Patent Lit-
erature 3). However, the use of a combination of two types of
solvents having considerably different boiling points may be
problematic at the present time. This is since, based on current
technologies, when compared with a method where a combi-
nation of two types of solvents having similar boiling points
is used, it is not easy to control the ratio of the solvents
included in the ink at a point where a functional layer is
actually formed by making arrangements to ink formation,
and therefore, it is not easy to yield a functional layer having
a high degree of planarity.

[0164] In view of such problems, the ink pertaining to one
aspect of the present invention facilitates the forming of a
functional layer having a high degree of planarity since the
ink includes a combination of two solvents having equal or
similar boiling points, and further, the solvents included in the
ink are caused to evaporate at a similar timing. This technical
idea cannot be easily arrived at based on the method as dis-
closed in Patent Literature 2, where two solvents having
considerably different boiling points are purposefully used.

[0165] In addition, concerning the boiling points of the
solvents included in the ink, it is exemplary that the solvent
having a convexity-forming characteristic have a higher boil-
ing point than the solvent having a concavity-forming char-
acteristic. That is, it is exemplary that the boiling point of the
second solvent is higher than the boiling point of the first
solvent. This is since when the second solvent has a higher
boiling point than the first solvent, the second solvent remains
in the ink longer than the first solvent. Hence, the influence of
the characteristic of the second solvent remains strong until
immediately before the shape of the functional layer is fixed.
Since the second solvent has a characteristic of suppressing
the functional material in the ink from unevenly residing at
ends of the ink puddle formed by the ejected ink, a functional
layer having a high degree of planarity is likely to be formed.
Note that, in the present disclosure, two solvents are judged as
having “equal or similar” boiling points when the difference
in boiling points of the solvents is equal to or smaller than 9°
C. More specifically, a functional layer having a high degree
of planarity is likely to be formed (i) when the difference in
boiling points ofthe solvents is within this range and (ii) when
the solvent having a convexity-forming characteristic has a
higher boiling point than the solvent having a concavity-
forming characteristic.

[0166] [Valuey]

[0167] In the following, explanation is provided of a
method according to which a shape of a functional layer to be
formed and a planarity degree PI of the functional layer to be
formed can be easily estimated based on a physical property
of an ink to be used to form the functional layer and without
actually forming the functional layer.

[0168] FIG. 13 illustrates the Marangoni Number. As illus-
trated in FIG. 13 and when referring to the Marangoni Num-
ber, it could be seen that the viscosity and the surface tension
of aliquid influence the fluidity of the liquid. Inspired by this,
the inventors arrived at a method for estimating a planarity
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degree PI of a functional layer according to the viscosity and
the surface tension of an ink to be used in forming the func-
tional layer.

[0169] In specific, a planarity degree PI of a functional
layer can be estimated according to a value vy, which is the
ratio (o/m) of the surface tension o (mN-m ™) of the ink to the
viscosity 1 (mPas) of the ink.

[0170] FIG. 14 illustrates a relation between a value y of an
ink and a planarity degree Pl of'a functional layer to be formed
by using the ink. As illustrated in FIG. 14, (i) when a value y
of an ink satisfied y=1.9, a functional layer formed by using
the ink exhibited a planar shape, (i1) when a value y of an ink
satisfied y>1.9, a functional layer formed by using the ink
exhibited a concave shape, and (iii) when a value y of an ink
satisfied y<1.9, a functional layer formed by using the ink
exhibited a convex shape. From this, it could be seen that
v=1.9 is the threshold value between the two shapes of a
functional layer, namely a concave shape and a convex shape.
[0171] Further, (i) when a value y of an ink satisfied y=1.9,
aplanarity degree Pl ofa functional layer formed by using the
ink satisfied PI=0 nm, (ii) when a value y of an ink satisfied
v<1.9, a planarity degree PI of a functional layer formed by
using the ink satisfied PI>0 nm, and (iii) when a value y of an
ink satisfied y>1.9, a planarity degree PI of a functional layer
formed by using the ink satisfied PI<0 nm. From this, it could
be seen that an ink having a value y closer to 1.9 has a stronger
ability of forming a planar functional layer.

[0172] FIGS. 15 and 16 illustrate results of consideration
carried out concerning a relation between a value y of an ink
and a planarity degree PI of a functional layer formed by
using the ink. Note that measurement of the viscosity v of an
ink was performed by using the AR-G2 viscometer (TA
Instruments). Similarly, the measurement of the surface ten-
sion y of an ink was performed by using the DSA100 tensi-
ometer (KRUSS).

[0173] Evaluation was performed of the relation between a
value y of an ink and a planarity degree PI of the ink for each
of functional layers imitatively formed by using various
single solvent-type inks and functional layers formed by
using various solvent mixture-type inks, as illustrated in
FIGS. 15 and 16. Through the evaluation, it was observed that
(1) when a value y of an ink satisfied y<1.9, a planarity degree
Pl of a functional layer formed by using the ink satisfied PI>0
and (ii) when a value y of an ink satisfied y >1.9, a planarity
degree PI of a functional layer formed by using the ink satis-
fied PI<0. From this, it was revealed that a correlation eXists
between a value y of an ink and a planarity degree PI of a
functional layer formed by using the ink. Similarly, it was
revealed that a correlation exists between a value y of an ink
and a planarity degree P1,, of a functional layer formed by
using the ink, since it was observed that (i) when a value y of
an ink satisfied y<1.9, a planarity degree P1,, of a functional
layer formed by using the ink satisfied P1,,~0 and (i1) when a
value y of an ink satisfied y>1.9, a planarity degree PI,, of a
functional layer formed by using the ink satisfied PI,,<0.
[0174] The above-described results revealed that an ink
forming a functional layer having a high degree of planarity
can be yielded by preparing an ink such that a value y of the
ink satisfies y=1.9.

[0175] Here, it is exemplary that the first solvent and the
second solvent be mixed in a mixing ratio such that the level
of the top surface of the functional layer will become uniform
throughout from the end portions to the central portion and
the thickness of the functional layer will become uniform
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from the end portions to the central portion. So as to make this
possible, it is exemplary that the first solvent and the second
solvent be mixed at a mixing ratio that forms a functional
layer having a planarity degree P1 satisfying PI=0 nm. Thus,
it is exemplary that the functional material, the first solvent,
and the second solvent be mixed such that a value y of the ink
satisfies y=1.9. Further, the mixing ratio for an ink whose
value y satisfies y=1.9 can be calculated according to a value
v of a single solvent-type ink including the first solvent and a
value y of a single solvent-type ink including the second
solvent.

[0176] [Influence of Film Thicknesses of Functional Lay-
ers|
[0177] Theinventorsinvestigated the influence that the film

thickness of functional layers has on the above-described
evaluation based on the threshold value y=1.9. F1G. 17 illus-
trates results of consideration carried out concerning an influ-
ence that film thicknesses of functional layers have on pla-
narity degrees PI of the functional layers. Evaluation was
performed of planarity degrees PI and planarity degrees PI,,
of various functional layers having various film thicknesses,
which include functional layers imitatively formed by using
various single solvent-type inks and functional layers formed
by using various solvent mixture-type inks, as illustrated in
FIG. 17. FIGS. 18A, 18B, and 18C each illustrate results of
the above-described evaluation for a corresponding film
thickness. More specifically, FIG. 18A indicates the results of
the evaluation when the film thickness of the functional layers
was 80 nm, FIG. 18B indicates the results of the evaluation
when the film thickness of the functional layer was 5 nm, and
FIG. 18C indicates the results of the evaluation when the film
thickness of the functional layer was 90 nm. In each of the
cases illustrated in F1IGS. 18A, 18B, and 18C, it was observed
that y=1.9 is the threshold value between positive values of
planarity degrees PI and negative values of planarity degrees
PL

[0178] From this, the inventors reached a conclusion that
the film thicknesses of the functional layers do not particu-
larly influence the above-described evaluation based on the
threshold value y=1.9. More specifically, it was confirmed
that the film thicknesses of the functional layers do not influ-
ence the evaluation of planarity degrees PI of the functional
layers based on the threshold value y=1.9, at least when the
film thicknesses of the functional layers are within a range of
5 to 90 nm, inclusive.

[0179] [Influence of Shapes of Banks]

[0180] Note that all of the above-described experiments
have been carried out by using organic light-emitting ele-
ments having banks that form a line bank structure. Addition-
ally, the inventors investigated whether the same results can
be obtained when similar experiments are carried out by using
organic light-emitting elements having banks that form a
pixel bank structure.

[0181] FIG. 19 illustrates ends of a functional layer in a
pixel bank structure. As illustrated in FIG. 19, a functional
layer of an organic light-emitting element having a pixel bank
structure exhibits a rectangular shape in plan view. Further,
ends of a light-emitting region of the organic light-emitting
element pertaining to the present embodiment correspond to
ends of a functional layer in the short side direction, and in
FIG. 19, “L” and “R” respectively indicate ends L and R ofa
functional layer. In addition, “C” in FIG. 19 indicates a center
C of a functional layer, and “M;” and “My” respectively
indicate middle points M; and My, of a functional layer. In the
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experiments, measurement was performed of shapes of func-
tional layers at “P;”, which is an intermediate location
between “P,” and “P,” along the long side direction of .a
functional layer. Note that between “P,” and “P,”, a func-
tional layer exhibits a uniform length in the short side direc-
tion in FIG. 19.

[0182] FIG. 20 illustrates results of consideration carried
out concerning the relation between planarity degrees PI of
functional layers of organic light-emitting elements having
banks forming a pixel bank structure and values y of inks for
forming the functional layers. As illustrated in FIG. 20, the
threshold value between positive values of the planarity
degree PI and negative values of the planarity degree PI was
v=1.9 for functional layers included in organic light-emitting
elements having banks forming a pixel bank structure, which
was similar to the threshold value for functional layers
included in organic light-emitting elements having banks
forming a line bank structure.

[Organic Light-Emitting Element]

[0183] FIG. 21 is a schematic diagram illustrating a state in
which layers of an organic light-emitting element pertaining
to one aspect of the present invention are layered. As illus-
trated in FIG. 21, an organic display panel 110 has a structure
in which a color filter substrate 113 is laminated on an organic
light-emitting element (functional member) 111 pertaining to
one aspect of the present invention via a sealing member 112.
[0184] The organic light-emitting element 111 is a top
emission type organic light-emitting element in which sub-
pixels corresponding to the colors R, G, and B are arranged so
as to form lines or to form a matrix. Further, each subpixel has
a layered structure where various layers are layered above a
TFT substrate 1.

[0185] A first anode electrode 2 and a second anode elec-
trode 3, which compose the first electrode in combination, are
formed on the TFT substrate 1 so as to form lines or to form
a matrix on the TFT substrate 1. A hole injection layer 4 is
layered on the combination of the anode electrodes 2 and 3.
Banks 5 defining each subpixel of the organic light-emitting
element 111 are formed on the hole injection layer 4. Further,
a hole transport layer 6 and an organic light-emitting layer 7
are layered in the stated order within each area defined by the
banks 5. Further, an electron transport layer 8, a cathode
electrode 9 corresponding to the second electrode, and an
encapsulation layer 10 are formed on the organic light-emit-
ting layer 7. Here, note that the electron transport layer 8, the
cathode electrode 9, and the encapsulation layer 10 are
formed so as to extend over the areas defined by the banks 5
to be continuous between adjacent subpixels.

[0186] As such, within one area defined by the banks 5,
multiple layers, namely the hole injection layer 4, the hole
transport layer 6, the organic light-emitting layer 7 and the
electron transport layer 8, are layered in the stated order,
thereby foaming a functional layer. Note that the functional
layer may include other layers, such as an electron injection
layer, in addition to the layers described above.

[0187] Examples of typical structures of the functional
layer include: (i) hole injection layer+organic light-emitting
layer; (ii) hole injection layer+hole transport layer+organic
light-emitting layer; (ii1) hole injection layer+organic light-
emitting layer+electron injection layer; (iv) hole injection
layer+hole transport layer+organic light-emitting layer+elec-
tron injection layer; (v) hole injection layer+organic light-
emitting layer+hole blocking layer+electron injection layer;
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(vi) hole injection layer+hole transport layer+organic light-
emitting layer+hole blocking layer+electron injection layer;
(vii) organic light-emitting layer+hole blocking layer+elec-
tron injection layer; (viii) organic light-emitting layer+elec-
tron injection layer, etc.

[0188] TheTFT substrate 101 includes a base substrate and
an amorphous TFT (organic light-emitting element drive cir-
cuit) formed on the base substrate. The base substrate is, for
example, composed of an insulating material such as alkali-
free glass, soda glass, nonfluorescent glass, phosphate glass,
borate glass, quartz, acrylic resin, styrenic resin, polycarbon-
ate resin, epoxy resin, polyethylene, polyester, silicone resin,
and alumina.

[0189] The first anode electrode 2 is composed of, for
example, silver (Ag), APC (alloy of silver, palladium and
copper), ARA (alloy of silver, rubidium and gold), MoCr
(alloy of molybdenum and chromium), or NiCr (alloy of
nickel and chromium). Further, for a top emission type
organic light-emitting element, it is exemplary that the first
anode electrode 2 be formed by using light-reflective mate-
rial.

[0190] The second anode electrode 3 is interposed between
the first anode electrode 2 and the hole injection layer 4, and
has the function of enhancing the bonding between the first
anode electrode 2 and the hole injection layer 4.

[0191] It is exemplary that the hole injection layer 4 be
formed by using a metal compound such as a metal oxide, a
metal nitride, and a metal oxynitride. When the hole injection
layer 4 is composed of a metal oxide, the injection of holes
into the organic light-emitting layer 7 is facilitated. Accord-
ingly, the electrons injected into the organic light-emitting
layer 7 contribute in an effective manner to the emission of
light, which results in excellent light-emitting characteristics
of the organic light-emitting layer 7. Examples of metal
oxides include oxides of Cr (chromium); Mo (molybdenum);
W (tungsten); V (vanadium); Nb (niobium); Ta (tantalum); Ti
(titanium); Zr (zircon); Hf (hafnium); Sc (scandium); Y (yt-
trium); Th (thorium); Mn (manganese); Fe (iron); Ru (ruthe-
nium); Os (osmium); Co (cobalt); Ni (nickel); Cu (copper);
Zn (zinc); Cd (cadmium); Al (aluminum); Ga (gallium); In
(indium); Si (silicon); Ge (germanium); Sn (stannum); Pb
(lead); Sb (antimony); and Bi (bismuth), and oxides of so-
called rare earth metals from La (lanthanum) to Lu (lutetium)
in the periodic table, etc. Among such metal oxides, Al,O;
(aluminum oxide), CuO (cupric oxide), and SiO (silicon
monoxide) are particularly efficient for realizing an extended
life-span of the organic light-emitting element.

[0192] Itis exemplary that the banks 5 be formed by using,
for example, organic material such as resin or inorganic mate-
rial such as glass. Examples of organic material that can be
used for forming the banks 5 include: acrylic resin; polyimide
resin; and novolac type phenolic resin. On the other hand,
examples of inorganic material that can be used for forming
the banks 5 include: SiO, (silicon dioxide) and Si;N,, (silicon
nitride). Further, it is exemplary that the banks 5 have resis-
tance against 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 exemplary that the banks 5 be formed
by using a material having a high degree of resistivity against
such processing.

[0193] Note that the banks 5 may either form a line bank
structure or a pixel bank structure. When the banks 5 form a
line bank structure, the banks 5 are formed so as to partition
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subpixels by columns or by rows. Further, in a line bank
structure, the banks 5 exist at both sides of the organic light-
emitting layer 7 in either the row direction or in the column
direction. When the banks 5 form a line bank structure, the
organic light-emitting layer 7 is formed so as to be continuous
in either the column direction or the row direction. On the
other hand, when the banks form a pixel bank structure, the
banks 5 are fowled so as to surround an organic light-emitting
layer 7 corresponding to one subpixel from all directions.

[0194] The hole injection layer 6 has a function of trans-
porting, to the organic light-emitting layer 7, holes injected
from the anode electrodes 2 and 3. It is exemplary that the
hole injection layer 6 be formed by using Poly(3,4-ethylene-
dioxythiophene) doped with poly(styrenesulfonate) (PE-
DOT-PSS) or a derivative thereof (copolymer or the like).

[0195] The organic light-emitting layer 7 has a function of
emitting light by utilizing an electric-field light-emitting phe-
nomenon. It is exemplary that the organic light-emitting layer
7 be formed, for example, by using functional material
included in the ink pertaining to one aspect of the present
invention. One example of a method for determining whether
the organic light-emitting layer 7 has been formed by utilizing
the ink for an organic light-emitting element pertaining to one
aspect of the present invention, the method for manufacturing
an organic light-emitting element pertaining to one aspect of
the present invention, and the method for forming a functional
layer pertaining to one aspect of the present invention, is
measuring the amount of the first solvent and the second
solvent remaining in the organic light-emitting layer 7.

[0196] To provide one example of the application of such a
method, an ink including CHB as the first solvent and HB as
the second solvent was prepared. The organic light-emitting
layer 7 was formed by using the ink and by applying the spin
coating method. Subsequently, the organic light-emitting
layer 7 so formed was vacuum dried for three minutes, and
was subsequently subjected to bake processing at 170° C. for
30 minutes. Analysis of the organic light-emitting layer 7 so
formed was performed by removing the organic light-emit-
ting layer 7 and performing gas chromatography. The result of
the analysis indicated that the amount of CHB remaining in
the organic light-emitting layer 7 was 0.64 ng/cm®, whereas
the amount of HB remaining was 0.48 ng/cm”.

[0197] The electron transport layer 8 has a function of
transporting electrons injected from the cathode electrode 9
to the organic light-emitting layer 7. It is exemplary that the
electron transport layer 8 be formed by using, for example,
barium, phthalocyanine, lithium fluoride or a mixture of such
materials, etc.

[0198] The cathode electrode 9 is formed, for example, by
using [TO, IZO (indium zinc oxide) or the like. Further, for a
top emission type organic light-emitting element, it is exem-
plary that the cathode electrode 9 be formed by using light-
transmissive material.

[0199] The encapsulation layer 10 inhibits the organic
light-emitting layer 7 and the like from being exposed to
moisture, air, etc., and is formed by using a material such as
SiN (silicon nitride) and SiON (silicon oxynitride). Further,
for a top emission type organic light-emitting element, it is
exemplary that the encapsulation layer 10 be formed by using
light-transmissive material.

[0200] The organic light-emitting element 111 having such
a structure has excellent light-emitting characteristics since
the organic light-emitting layer 7 has a high degree of planar-
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ity, which derives from characteristics of the ink used for
forming the organic light-emitting layer 7.

[Manufacturing Method for Organic Light-Emitting
Element]
[0201] In the following, explanation is provided of the

method for manufacturing an organic light-emitting element
pertaining to one aspect of the present invention with refer-
ence to FIGS. 22A through 22G and FIGS. 23 A through 23E.
At the same time, explanation is provided of the method for
producing an ink for an organic light-emitting element and
the method for forming a functional layer, each of which
pertaining to one aspect of the present invention. Each of
FIGS. 22A through 22G and FIGS. 23A through 23E illus-
trates a step in the method for manufacturing an organic
light-emitting element pertaining to one aspect of the present
invention.

[0202] First, the TFT substrate 1 is prepared. As illustrated
in FIG. 22A, the upper surface of the TFT substrate 1 is
protected by protective resist.

[0203] Subsequently, the protective resist covering the TFT
substrate 1 is removed, and organic resin is spin-coated on the
TFT substrate 1 as illustrated in FIG. 22B. Further, PR/PE
(patterning by photoresist/photo-etching) is performed, and a
planarizing film 1a (having, for example, a thickness of 4 pm)
is formed as illustrated in FIG. 22C.

[0204] Following this, the first anode electrode 2 is formed
on the planarizing film la as illustrated in FIG. 22D. The first
anode electrode 2 is formed, for example, by forming a thin
film of APC by performing sputtering and by patterning the
thin film by application of PR/PE so as to form a matrix.
Accordingly, the first anode electrode 2 (having a thickness
of, for example, 150 nm) is formed. Alternatively, the first
anode electrode 2 may be formed by application of a vacuum
deposition method or the like.

[0205] Subsequently, the second anode electrode 3 is
formed in a matrix state as illustrated in FIG. 22E. More
specifically, the second anode electrode 3 (having a thickness
of, for example, 110 nm) is formed, for example, by forming
an ITO thin filmby application of a plasma deposition method
and by patterning the ITO thin film by application of PR/PE.
[0206] Following this, the hole injection layer 4 is formed
from over the second anode electrode 3 as illustrated in FIG.
22F. In specific, the hole injection layer 4 (having a thickness
of, for example, 40 nm) is formed by sputtering material
realizing a hole injection function and by performing pattern-
ing by application of PR/PE. Further, note that the hole injec-
tion layer 4 is formed not only above the anode electrode 3 but
so as to cover the entire upper surface of the TFT substrate 1.
[0207] Subsequently, the banks 5 are formed above the hole
injection layer 4 as illustrated in FIG. 22G. In specific, the
banks 5 are formed at areas above the hole injection layer 4
corresponding to boundaries between areas where adjacent
light-emitting layers are to be formed. The banks 5 (having,
for example, a thickness of 1 pm) are formed by forming a
bank material layer covering the entire upper surface of the
hole injection layer 4 and further, by removing portions of the
bank material layer by application of PR/PE. Note that the
banks 5 may be formed so as to form a line bank structure, in
which the banks 5 extend either in the column direction or the
row direction, or may be formed so as to form a pixel bank
structure, in which the banks 5 extend in both the column
direction and the row direction and exhibit a lattice shape in
plan view.
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[0208] Following this, each of the concavities formed
between the banks 5 is filled with an ink including material for
forming the hole transport layer 6 as illustrated in

[0209] FIG.23A, and the hole transport layer 6 (having, for
example, a thickness of 20 nm) is formed by causing the ink
to dry.

[0210] Subsequently, the organic light-emitting layer 7
(having, for example, a thickness of 5-90 nm) is formed by
filling a concavity between the banks 5 with the ink for an
organic light-emitting element pertaining to one aspect of the
present invention by applying the ink jet method, and further,
by drying the ink under, for example, a low-pressure environ-
ment with an atmospheric temperature of 25° C. and perform-
ing baking processing. Note that the concavities between the
banks 5 are filled at all areas of the entire upper surface of the
TFT substrate 1. Further, note that the method to be applied
when filling the ink between the banks 5 is not limited to the
ink-jet method, and alternatively, a dispenser method, a
nozzle coating method, a spin coating method, an intaglio
printing method, a letter press printing method or the like may
be applied.

[0211] More specifically, the organic light-emitting layer 7
is formed by the following steps 1 through 6 being carried out
step-by-step.

[0212] In the first step, an ink to be used for forming the
organic light-emitting layer 7 is prepared. The ink is produced
by first preparing the functional material, the first solvent, and
the second solvent, and then, by mixing the functional mate-
rial, the first solvent, and the second solvent, The mixing of
the ink may be performed by first preparing a mixed solvent
by mixing the first solvent and the second solvent and then
dissolving the functional material in the mixed solvent. Alter-
natively, the mixing of the ink may be performed by first
dissolving the fanctional material in one of the solvents, and
then adding the other solvent.

[0213] Further, when a third solvent other than the first
solvent and the second solvent is to be included in the ink, the
mixing of the solvents may be performed by first dissolving
the functional material in the first solvent and the second
solvent and then adding the third solvent, or by dissolving the
functional material in the third solvent and then adding the
first solvent and the second solvent.

[0214] The first solvent and the second solvents are mixed
in a mixing ratio such that (i) the level of a top surface of the
organic light-emitting layer 7 will become uniform through-
out from ends of the organic light-emitting layer 7 to a center
of the organic light-emitting layer 7, and (ii) the thickness of
the organic light-emitting layer 7 will become uniform from
the ends of the organic light-emitting layer 7 to the center of
the organic light-emitting layer 7. In specific, the first solvent
and the second solvent are mixed according to the above-
described mixing ratio o/f, for example.

[0215] In the second step, the ink is filled into an inkjet
device having an ink ejection nozzle.

[0216] Inthe third step, a substrate having a base layer that
includes the first electrode is prepared. In the present embodi-
ment, the TFT substrate 1 having the first anode electrode 2,
the second anode electrode 3, the hole injection layer 4, the
banks 5, and the hole transport layer 6 layered thereon corre-
sponds to the above-described substrate.

[0217] Inthe fourth step, the inkjet device is caused to eject
droplets of the ink with respect to the hole transport layer 6.
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[0218] Inthe fifth step, the ink droplets ejected in the fourth
step are applied onto the hole transport layer 6 so asto form an
ink droplet film.

[0219] In the sixth step, the first solvent and the second
solvent are caused to evaporate from the ink droplet film so
formed, and the organic light-emitting layer 7 is formed such
that (i) the level of a top surface of the organic light-emitting
layer 7 will become uniform throughout from ends of the
organic light-emitting layer 7 to a center of the organic light-
emitting layer 7, and (ii) the thickness of the organic light-
emitting layer 7 will become uniform from the ends of the
organic light-emitting layer 7 to the center of the organic
light-emitting layer 7. Here, since the first solvent and the
second solvent have equal or similar boiling points, the first
solvent and the second solvent evaporate at a similar timing.
The timing at which the first solvent and the second solvent
are caused to evaporate is controlled by controlling the atmo-
spheric environment. Here, the control of the atmospheric
environment is facilitated since the first solvent and the sec-
ondsolvent evaporate at a similar timing. Note that the evapo-
ration of the first solvent and the second solvent “at a similar
timing” refers not only to a case where the first solvent and the
second solvent evaporate exactly at the same time, but also a
case where there is a slight difference between the timing at
which the first solvent evaporates and the timing at which the
second solvent evaporates. A slight difference between the
timings at which the first solvent and the second solvent
evaporate is acceptable provided that the mixing ratio of the
solvents enabling the forming of the organic light-emitting
layer 7 having a high degree of planarity is maintained.
[0220] Subsequently, the electron transport layer 8 (having,
for example, a thickness of 20 nm) is formed so as to cover the
banks 5 and the organic light-emitting layer 7 as illustrated in
FIG. 23C by application of ETL deposition.

[0221] Following this, the second electrode having a polar-
ity different from a polarity of the first electrode is formed
above the functional layer as illustrated in

[0222] FIG. 23D (the seventh step). In specific, the cathode
electrode 9 (having a thickness of 100 nm) is formed above
the electron transport layer 8 by plasma deposition of light-
transmissive material.

[0223] Subsequently, the encapsulation layer 10 (having a
thickness of 1 um) is formed above the cathode electrode 9 by
application of CVD as illustrated in FIG. 23E.

[0224] A top emission type organic light-emitting element
is manufactured through the above-described procedures.

[Organic Display Apparatus]

[0225] In the following, explanation is provided of the
organic display device (display device) pertaining to one
aspect of the present invention with reference to FIGS. 24 and
25. FIG. 24 illustrates an overall structure of the organic
display device pertaining to one aspect of the present inven-
tion. FIG. 25 is a perspective view illustrating a television
system that incorporates the organic display device pertaining
to one aspect of the present invention.

[0226] As illustrated in FIG. 24, an organic display device
100 includes the organic display panel 110 and a drive control
unit 120 that is connected to the organic display panel 110.
The drive control unit 120 includes four drive circuits, namely
drive circuits 121 through 124, and a control circuit 125.
Here, note that the arrangement of the drive control unit 120
with respect to the organic display panel 110 is not limited to
the above-described arrangement when actually implement-
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ing the organic display device 100. Similarly, the connection
between the drive control unit 120 and the organic display
panel 110 is not limited to the above-described connection.
[0227] The organic display device 100 having the above-
described structure realizes excellent image quality by incor-
porating organic light-emitting elements having excellent
light-emitting characteristics.

[Organic Light-Emitting Device]

[0228] FIGS.26A and 268 illustrate an organic light-emit-
ting device (light-emitting device) pertaining to one aspect of
the present invention. More specifically, FIG. 26A is a verti-
cal cross-sectional view of the organic light-emitting device
pertaining to one aspect of the present invention, and FIG.
26B is a horizontal cross-sectional view of the organic light-
emitting device pertaining to one aspect of the present inven-
tion. As illustrated in FIGS. 26A and 26B, 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 ele-
ments 210 mounted on an upper surface thereof; and a pair of
reflection members 230 attached to the base 220 with the
organic light-emitting elements 210 therebetween. Each of
the organic light-emitting elements 210 is electrically con-
nected to a conductive pattern (undepicted) formed on the
base 220 and emits light by receiving driving power supplied
from the conductive pattern. The reflection members 230
control the distribution of a portion of light emitted from each
of the organic light-emitting elements 210.

[0229] The organic light-emitting device 200 having the
above-described structure has excellent light-emitting char-
acteristics by incorporating organic light-emitting elements
having excellent light-emitting characteristics.

[Modifications]

[0230] Up to this point, specific explanation has been pro-
vided of the ink for an organic light-emitting element, the
method for producing the ink, the method for manufacturing
an organic light-emitting element, the organic light-emitting
element, the organic display device, the organic light-emit-
ting device, the method for forming a functional layer, the
functional layer, the display device, and the light-emitting
device, each of which pertaining to one aspect of the present
invention. However, it should be noted that the above-de-
scribed embodiment of the present invention is merely one
exemplary embodiment of the present invention, and there-
fore, the present invention should not be construed as being
limited to such an embodiment.

[0231] For instance, the ink for an organic light-emitting
element pertaining to one aspect of the present invention may
include solutes other than the functional material and/or may
include a third solvent other than the first solvent and the
second solvent, provided that the characteristics of the first
solvent and the second solvent (characteristics related to the
shape of the functional layer to be formed) are maintained.
The third solvent may be a solvent such that, when the first
solvent and the second solvent in the ink is replaced with the
third solvent and then a functional layer is formed imitatively,
the imitatively formed functional layer has a concave shape or
a convex shape. In addition, the ink may include even more
types of solvents, including a fourth solvent, a fifth solvent,
etc. Further, the ink may also include solutes other than the
functional material.
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[0232] When solvents other than the first solvent and the
second solvent are included in the ink, it is exemplary that
each of such additional solvents has a boiling point equal or
similar to the boiling points of the first solvent and the second
solvent, and that the difference in boiling points of such
solvents and the first solvent and the second solvent be equal
to or smaller than 9° C. Further, it is exemplary that a value y
of the ink satisfy y=1.9 upon completion of the preparation of
the ink.

[0233] The ink for an organic light-emitting element per-
taining to one aspect of the present invention is not limited to
an ink for forming an organic light-emitting layer, and
instead, may be an ink for forming a functional layer other
than the organic light emitting layer. Examples of a functional
layer other than the organic light-emitting layer include: a
hole transport layer, an electron transport layer, a hole injec-
tion layer, an electron injection layer, a blocking layer and the
like. In addition, the ink for an organic light-emitting element
pertaining to one aspect of the present invention is not limited
to an ink for forming an organic light-emitting element, and
instead, may be an ink for forming an inorganic light-emitting
element.

[0234] The ink for an organic light-emitting element per-
taining to one aspect of the present invention may be an ink
that is yielded by mixing a plurality of single solvent-type
inks having appropriately-adjusted shape-forming character-
istics.

[0235] In the above-described embodiment, an ink for
forming a functional layer having a high degree of planarity is
prepared by using an exemplary mixed solvent. Anexemplary
mixed solvent is yielded by mixing a solvent having a char-
acteristic of forming a functional layer having a concave
shape when used as the solvent in a single solvent-type ink
and a solvent having a characteristic of forming a functional
layer having a convex shape when used as the solvent in a
single solvent ink, and by appropriately adjusting the mixing
ratio at which the solvents are mixed. However, the ink for an
organic light-emitting element pertaining to one aspect of the
present invention is not limited to such an ink as described
above. That is, an ink yielding a functional layer having a high
degree of planarity may be prepared (i) by appropriately
adjusting the characteristics of a plurality of single solvent-
type inks on an individual basis such that a functional layer
formed by using each of the single solvent-type inks exhibits
planarity, and (ii) by mixing a plurality of such single solvent-
type inks whose characteristics have been appropriately
adjusted.

[0236] More specifically, the adjustment of the character-
istics of the solvents is performed in a manner as described in
the following. First, when a functional layer formed by using
a single solvent-type ink including only one of the solvents
exhibits an excessive degree of concavity or convexity, the
concentration and/or the molecular amount of the solvent in
the single solvent-type ink is adjusted such that the shape of
the functional layer is planarized. Following this, the solvent
whose concentration or molecular amount in the single sol-
vent-type ink has been adjusted is mixed with one or more
other solvents so as to planarize the shape of the functional
layer.

[0237] For instance, a single solvent-type ink forming a
functional layer exhibiting a concave shape can be adjusted so
as to form a functional layer exhibiting a comparatively
higher degree of planarity by increasing the concentration of
the functional material. Here, the concentration of the func-
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tional material in the ink can be increased as far as the ink can
be properly ejected from the inkjet device. In addition, the
functional layer formed by using a single solvent-type ink
forming a functional layer exhibiting a concave shape can be
convexed by increasing the molecular amount of the func-
tional material included in the ink. On the other hand, a single
solvent-type ink forming a functional layer exhibiting a con-
vex shape can be adjusted so as to form a functional layer
exhibiting a comparatively higher degree of planarity by
decreasing the concentration of the functional material in the
ink or by decreasing the molecular amount of the functional
material in the ink.

[0238] Note that the shape of the functional layer as dis-
cussed in the above refers to the shape of the functional layer
formed in cases where the ink applied to the base layer is dried
immediately following the application thereof. That is, the
ink for an organic light-emitting element pertaining to one
aspect of the present invention is an ink forming a functional
layer having a high degree of planarity when the ink is not left
unattended following the application thereof. The time
required for manufacturing an organic light-emitting panel
can be shortened when a structure is adopted where the ink is
not to be left unattended following the application thereof.
Accordingly, such a structure is highly efficient in terms of
practicability.

[0239] The ink for an organic light-emitting element per-
taining to one aspect of the present invention is applicable not
only to solvent mixture-type inks but also to single solvent-
type inks.

[0240] That is, the ink for an organic light-emitting element
pertaining to one aspect of the present invention may be anink
for an organic light-emitting element including the functional
material for forming a functional layer of an organic light-
emitting element and a single solvent dissolving the func-
tional material. Such a single solvent-type ink can be
expected to realize the same effects as described in the above-
described embodiment by setting a valuey of the ink to a value
equivalent to 1.9. A value y indicates a ratio (o/m) of the
surface tension o (mN-m™") of an ink to the viscosity 7
(mPa-s) of an ink.

[0241] The adjustment of the shape of a functional layer
formed by using a single solvent-type ink, or the appropriate
setting of a value y for a single solvent-type ink may appear to
be more difficult compared to performing the same adjust-
ment with respect to a solvent mixture-type ink including two
or more solvents. However, here it should be noted that, the
influence that the surface tension of one or more solvents
included in an ink has on the surface tension of the ink is
subtle when the ink is a low concentration ink such as an
inkjet ink, while the viscosity of the ink is subject to change
considerably according to the concentration and/or the
molecular amount of the solvents included in the ink. Accord-
ingly, a value y of a single solvent-type ink can be adjusted to
a value approximating 1.9 by controlling the ink viscosity of
the single solvent-type ink.

[0242] More specifically, the viscosity of a single solvent-
type ink can be adjusted by adjusting ink concentration and/or
the molecular amount of polymers in the ink. For instance,
when a functional layer formed by using a single solvent-type
ink exhibits a concave shape, a value y of the single-solvent
ink can be adjusted to approximate a value of 1.9 by increas-
ing the viscosity of the ink by increasing ink concentration
and/or increasing the molecular amount of polymers in the
ink. In contrast, when a functional layer formed by using a
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single solvent-type ink exhibits a convex shape, a value y of
the single solvent-type ink can be adjusted to approximate a
value of 1.9 by decreasing the viscosity of the ink by decreas-
ing ink concentration and/or decreasing the molecular
amount of polymers in the ink.

[0243] The shape of the functional layer formed by using a
single solvent-type ink can also be planarized as explained
above.

[0244] The above-described single solvent-type ink for an
organic light-emitting element can be produced according to
the method for producing the single solvent-type ink pre-
sented in the following.

[0245] A method for producing such a single solvent-type
ink comprises: a first step of preparing an imitatively formed
ink by mixing a functional material that forms a functional
layer of'an organic light-emitting element and a solvent that is
soluble in the functional material; a second step of calculating
asurface tension o (mN-m ™) of the imitatively formed ink; a
third step of calculating a viscosity m of the single solvent-
type ink that renders a value y of the single solvent-type ink to
avalue equivalentto 1.9, the valuey indicating a ratio (o/m) of
asurface tension o (mN-m ™) of the single solvent-type ink to
the viscosity 1 (mPa-s) of the single solvent-type ink; a fourth
step of calculating a concentration of the single solvent-type
ink according to the viscosity 1 so calculated and the relation
between the viscosity 1 and the concentration of the single
solvent-type ink; and a fifth step of preparing the single sol-
vent-type ink by mixing the functional material and the sol-
vent such that the single solvent-type ink has the concentra-
tion so calculated.

[0246] From the results illustrated in FIG. 15, it is consid-
ered exemplary that the value y be a value greater than 1.87
and smaller than 1.94 for both single solvent-type and solvent
mixture-type inks. Further, a value y within this range
between 1.87 and 1.94 is considered as being equivalent to
1.9.

[0247] The organic light-emitting element pertaining to
one aspect of the present invention is not limited to a top
emission type organic light-emitting element, and may also
be a bottom emission type organic light-emitting element. In
addition, although no description has been provided in the
embodiment of the present invention concerning the color of
light emitted by the organic light-emitting layer of the organic
light-emitting element pertaining to one aspect of the present
invention included in an organic display device, the organic
display device is not limited to that having only monochro-
matic display capability, and the organic display device may
have full-color display capability. In an organic display
device having a full-color display capability, one organic
light-emitting element corresponds to one subpixel corre-
sponding to one color among the colors R, G, and B. A pixel
is formed by a combination of three adjacent subpixels cor-
responding to the colors R, G, and B, and a plurality of such
pixels are arranged in a matrix to form an image display
region.

INDUSTRIAL APPLICABILITY

[0248] The ink for an organic light-emitting element of the
present disclosure is widely applicable in a manufacturing
process of an organic light-emitting element involving appli-
cation of the wet process. In addition, the organic light-emit-
ting element of the present disclosure is widely and generally
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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

[0249] 1 substrate

[0250] 2.3 anode electrode

[0251] 4 hole injection layer

[0252] 5 banks

[0253] 6 hole transport layer

[0254] 7 organic light-emitting layer
[0255] 8 electron transport layer

[0256] 9 cathode electrode

[0257] 10 encapsulation layer

[0258] 100 organic display device
[0259] 110 organic display panel

[0260] 111, 210 organic light-emitting element
[0261] 112 sealing member

[0262] 113 color filter substrate

[0263] 120 drive control unit

[0264] 121-124 drive circuit

[0265] 125 control circuit

[0266] 200 organic light-emitting device
[0267] 220 base

[0268] 230 reflection member

1. A method for manufacturing an organic light-emitting

element, comprising;

a first step of preparing an ink for forming a functional
layer of the organic light-emitting element, the ink
including a first solvent, a second solvent that differs
from the first solvent, and a functional material that is
soluble in the first solvent and the second solvent and
that forms the functional layer,

the first solvent being a solvent such that when the second
solvent is replaced with the first solvent and then a
functional layer is fowled imitatively, the imitatively
formed functional layer has, in a light-emitting region of
an organic light-emitting element, a shape such that the
functional layer is thicker at both end portions than at a
central portion and the top surfaces of the end portions
are positioned higher than the top surface of the central
portion,

the second solvent being a solvent such that when the first
solvent is replaced with the second solvent and then a
functional layer is formed imitatively, the imitatively
formed functional layer has, in a light-emitting region of
an organic light-emitting element, a shape such that the
functional layer is thicker at a central portion than at both
end portions and the top surface of the central portion is
positioned higher than the top surfaces of the end por-
tions,

the boiling point of the first solvent being equal or similar
to the boiling point of the second solvent;

a second step of filling the ink into an inkjet device having
an ink ejection nozzle;

athird step of preparing a substrate that has a base layer, the
base layer including a first electrode;

a fourth step of causing the inkjet device to eject droplets of
the ink with respect to the base layer;

a fifth step of forming an ink droplet film by applying the
ink droplets onto the base layer;

a sixth step of causing the first solvent and the second
solvent to evaporate from the ink droplet film at a similar
timing and thereby forming the functional layer such
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that the level of the top surface of the functional layer
will become uniform throughout from the end portions
to the central portion and the thickness of the functional
layer will become uniform from the end portions to the
central portion; and

a seventh step of forming a second electrode that differs
from the first electrode above the functional layer.

2. The method of claim 1, wherein

in the first step, the ink is prepared by mixing the first
solvent and the second solvent in a mixing ratio such that
the level of the top surface of the functional layer will
become uniform throughout from the end portions to the
central portion and the thickness of the functional layer
will become uniform from the end portions to the central
portion.

3. The method of claim 1, wherein

in the first step, the first solvent and the second solvent are
mixed according to a mixing ratio o/p, wherein

in a light-emitting region of an organic light-emitting ele-
ment, when the degree of planarity PI of the following
[Equation 1] is expressed by the thickness d. of the
functional layer at the central portion side and the thick-
nesses d;, dy of the functional layer at one end portion
side and the other end portion side:

PI=d—~(d;+dg)2 [Equation 1]

where PI: the degree of planarity, d_: the thickness at the
central portion side, d;: the thickness at one end portion
side, and d: the thickness at the other end portion side,
the mixing ratio is expressed by o, which is the recipro-
cal of the absolute value of a degree of planarity PI,, and
[, which is the reciprocal of the absolute value of a
degree of planarity PI,, in the following [Equation 2]:

axPI=pxPl, [Equation 2]

where

P1,: the degree of planarity of a functional layer imitatively
formed with replacement of the second solvent with the
first solvent,

o the reciprocal of the absolute value of the degree of
planarity PI,,

P1,: the degree of planarity of a functional layer imitatively
formed with replacement of the first solvent with the
second solvent, and

[: the reciprocal of the absolute value of the degree of
planarity PI,.

4. The method of claim 3, wherein

in the first step, the ink is prepared by mixing the first
solvent and the second solvent such that the first solvent
and the second solvent are present each in an amount
within 15 vol % of their individual volumetric concen-
tration determined according to the mixing ratio o/f
described in claim 3.

5. The method of claim 1, wherein

in the first step, the difference in boiling point between the
first solvent and the second solvent is equal to or smaller
than 9° C.

6. The method of claim 5, wherein

in the first step, the boiling point of the second solvent is
higher than the boiling point of the first solvent.

7. The method of claim 1, wherein

in the first step, when the ratio (o/n) of the surface tension
o (mN'm™") of an ink to the viscosity ) (mPa's) of the
ink isy,
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the ink imitatively prepared by replacing the second sol-
vent with the first solvent satisfies y>1.9, and

the ink imitatively prepared by replacing the first solvent
with the second solvent satisfies y<1.9.

8. The method of claim 1, wherein

each of the end portions of the functional layer is an area of
the light-emitting region corresponding to a distance of
12.5% of the entire length of the light-emitting region
from a corresponding end of the light-emitting region
towards the center of the light-emitting region, and

the central portion of the functional layer is an area corre-
sponding to the center of the light-emitting region.

9. The method of claim 1, wherein

the functional layer has a rectangular shape in plan view,
and

the light-emitting region corresponds to the short side
direction of the functional layer.

10. The method of claim 1, wherein

in the first step,

the first solvent is cyclohexylbenzene,

the second solvent is 1-methylnaphthalene, and

the functional material is F8-F6.

11. The method of claim 10, wherein

in the first step,

the mixing ratio o/f of the first solvent and the second
solvent is within a range of 28/72 to 72/28.

12. The method of claim 1, wherein

in the first step,

the first solvent is heptylbenzene,

the second solvent is 1-methylnaphthalene, and

the functional material is F8-F6.

13. The method of claim 12, wherein

in the first step,

the mixing ratio o/f of the first solvent and the second
solvent is within a range of 5/95 to 38/62.

14. The method of claim 1, wherein

the functional material is an organic light-emitting mate-
rial.

15. (canceled)

16. A method for manufacturing an organic light-emitting

element, comprising;
a first step of preparing an ink for forming a functional
layer of the organic light-emitting element, the ink
including a first solvent, a second solvent that differs
from the first solvent, and a functional material that is
soluble in the first solvent and the second solvent and
that forms the functional layer,
when the ratio (o/m) of the surface tension o (mN-m™")
of the ink to the viscosity 1) (mPa-s) of the ink is y, an
ink imitatively prepared by replacing the second sol-
vent with the first solvent satisfying y>1.9, an ink
imitatively prepared by replacing the first solvent with
the second solvent satisfying y<1.9,

the difference in boiling point between the first solvent
and the second solvent being equal to or smaller than
9°C.

a second step of filling the ink into an inkjet device having
an ink ejection nozzle;

athird step of preparing a substrate that has a base layer, the
base layer including a first electrode;

afourth step of causing the inkjet device to ejectdroplets of
the ink with respect to the base layer;

a fifth step of forming an ink droplet film by applying the
ink droplets onto the base layer;
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a sixth step of causing the first solvent and the second
solvent to evaporate from the ink droplet film at a similar
timing and thereby forming the functional layer such
that the level of the top surface of the functional layer
will become uniform throughout from the end portions
to the central portion and the thickness of the functional
layer will become uniform from the end portions to the
central portion; and

a seventh step of forming a second electrode that differs
from the first electrode above the functional layer.

17. The method of claim 16, wherein

in the first step, the ink is prepared by mixing the functional
material, the first solvent, and the second solvent so that
v satisfies y=1.9.

18. The method of claim 16, wherein

in the first step, the ink is prepared by mixing the first
solvent and the second solvent in a mixing ratio such that
the level of the top surface of the functional layer will
become uniform throughout from the end portions to the
central portion and the thickness of the functional layer
will become uniform from the end portions to the central
portion.

19. The method of claim 16, wherein

in the first step, the first solvent and the second solvent are
mixed according to a mixing ratio o/p}, wherein

in a light-emitting region of an organic light-emitting ele-
ment, when the degree of planarity PI of the following
[Equation 1] is expressed by the thickness d. of the
functional layer at the central portion side and the thick-
nesses d,, d, of the functional layer at one end portion
side and the other end portion side:

PI=d—(dy+dp)2

where PL: the degree of planarity, d_: the thickness at the
central portion side, d: the thickness at one end portion
side, and dj: the thickness at the other end portion side,
the mixing ratio is expressed by o, which is the recipro-
cal of the absolute value of a degree of planarity PI,, and
[, which is the reciprocal of the absolute value of a
degree of planarity PI,, in the following [Equation 2]:

[Equation 1]

ax Pl =pxPL [Equation 2]

where

PI,: the degree of planarity of a functional layer imitatively
formed with replacement of the second solvent with the
first solvent,

o the reciprocal of the absolute value of the degree of
planarity PI,,

PI,: the degree of planarity of a functional layer imitatively
formed with replacement of the first solvent with the
second solvent, and

[: the reciprocal of the absolute value of the degree of
planarity PI,.

20. The method of claim 19, wherein

in the first step, the ink is prepared by mixing the first
solvent and the second solvent such that the first solvent
and the second solvent are present each in an amount
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within £15 vol % of their individual volumetric concen-
tration determined according to the mixing ratio o/f
described in claim 19.
21. The method of claim 16, wherein
in the first step, the boiling point of the second solvent is
higher than the boiling point of the first solvent.
22. The method of claim 16, wherein
each of the end portions of the functional layer is an area of
the light-emitting region corresponding to a distance of
12.5% of the entire length of the light-emitting region
from a corresponding end of the light-emitting region
towards the center of the light-emitting region, and
the central portion of the functional layer is an area corre-
sponding to the center of the light-emitting region.
23. The method of claim 16, wherein
the functional layer has a rectangular shape in plan view,
and
the light-emitting region corresponds to the short side
direction of the functional layer.
24. The method of claim 16, wherein
in the first step,
the first solvent is cyclohexylbenzene,
the second solvent is 1-methylnaphthalene, and
the functional material is F8-F6.
25. The method of claim 24, wherein
in the first step,
the mixing ratio o/f of the first solvent and the second
solvent is within a range of 28/72 to 78/22.
26. The method of claim 16, wherein
in the first step,
the first solvent is heptylbenzene,
the second solvent is 1-methylnaphthalene, and the func-
tional material is F8-F6.
27. The method of claim 26, wherein
in the first step,
the mixing ratio o/f of the first solvent and the second
solvent is within a range of 5/95 to 38/62.
28. The method of claim 16, wherein
the functional material is an organic light-emitting mate-
rial.
29. (canceled)
30. An organic light-emitting element manufactured
according to the manufacturing method of claim 1.
31. An organic light-emitting element manufactured
according to the manufacturing method of claim 16.
32. An organic display device comprising the organic light-
emitting element of claim 30.
33. An organic display device comprising the organic light-
emitting element of claim 31.
34. An organic light-emitting device comprising the
organic light-emitting element of claim 30.
35. An organic light-emitting device comprising the
organic light-emitting element of claims 31.
36-52. (canceled)
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