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(57) ABSTRACT

A light-emitting material according to the present invention
is a film-forming material used for film formation by a
liquid-phase method and is a light-emitting material for
forming a light-emitting layer. The light-emitting material,
which is a solution, includes a plurality of film-forming
components and a solvent for dissolving the film-forming
components. The ratio of each of the film-forming compo-
nents in the light-emitting layer to be formed is different, and
each of the film-forming components is prepared with a ratio
substantially equal to the desired ratio and is dissolved in the
solvent. Saturated concentrations of the film-forming com-
ponents in the solution at a predetermined temperature are
different from each other corresponding to the difference in
the desired ratio.
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LIGHT-EMITTING MATERIAL, ORGANIC
ELECTROLUMINESCENT APPARATUS, AND
METHOD OF MANUFACTURING THE SAME

BACKGROUND

[0001] The present invention relates to a light-emitting
material which is suitable for forming a light-emitting layer
in an organic electroluminescent apparatus, to a method of
manufacturing an organic electroluminescent apparatus
using the light-emitting material, and to an organic elec-
troluminescent apparatus.

[0002] In recent years, as a self light-emitting-type dis-
play, organic electroluminescent elements (hereinafter,
refers to as organic EL elements) have been developed. The
organic EL elements are constructed so that a thin film made
of an organic material is interposed between first and second
electrodes, and carriers injected from the two electrodes are
re-coupled in the organic thin film, thereby realizing light-
emission.

[0003] The organic EL apparatus including a plurality of
organic EL elements having the above-mentioned structure
has characteristics such as small thickness and low weight.
Further, when application and film formation are performed
by a liquid-phase method represented by the inkjet method
disclosed in Japanese Unexamined Patent Application Pub-
lication No. 2004-140004, it is possible to uniformly form
the organic thin film over a wide area. Therefore, it can be
expected to be applied to large-sized flat panel displays.

[0004] Further, recently, a highly efficient organic EL
element which is used for emitting phosphorescence caused
by atriplet excited state of a light-emitting material has been
suggested, and it is expected to be applied to displays in
which the power consumption is relatively small. The light-
emitting material, which can emit phosphorescence, that is,
a phosphorescent material, is generally a mixed two-com-
ponent system including a host material with a carrier
transport function and a guest material with a phosphores-
cence emitting function. Therefore, when the light-emitting
layer is made of the phosphorescent material, the host
material and the guest material need to be uniformly mixed.

[0005] However, when the light-emitting layer is formed
of the phosphorescent material, which is the mixed two-
component system, by the liquid-phase method, problems
occur, such as those described below.

[0006] Inacase where the film formation is performed by
using a material of a two-component system composed of
two different matetials (solutes), first, the two different
materials need to be dissolved in one solvent. Next, the
solution obtained by dissolving the two materials (solutes)
into the one solvent is disposed at desirable places such as
pixels, and then the solvent is dried, such that the materials
(solutes) are deposited, whereby a film is formed.

[0007] However, in the obtained film, the two solutes
(components) need to be deposited simultaneously at a
predetermined temperature, for example, a drying tempera-
ture, to uniformly mix the two different components (mate-
rials). When they are deposited at various times and not
simultaneously, the two solutes (components) exist but
unevenly, for example, depending on the position inside a
pixel, thereby causing phase separation. As a result, it is
difficult to obtain suitable light-emission.
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SUMMARY

[0008] An advantage of the invention is that it provides a
light-emitting material capable of forming a light-emitting
layer in which a plurality of components is uniformly mixed
in a desirable ratio without the occurrence of phase separa-
tion, a method of manufacturing an organic EL apparatus
using the light-emitting material, and an organic EL appa-
ratus.

[0009] The light-emitting material according to the
present invention is a film-forming material used for film
formation by a liquid-phase method and is a light-emitting
material for forming a light-emitting layer. The light-emit-
ting material, which is a solution, includes a plurality of
film-forming components and a solvent for dissolving the
film-forming components. The ratio of each of the film-
forming components in the light-emitting layer to be formed
is different, and each of the film-forming components is
prepared with a ratio substantially equal to the desired ratio
and is dissolved in the solvent. Saturated concentrations of
the film-forming components in the solution at a predeter-
mined temperature are different from each other correspond-
ing to the difference in the desired ratio.

[0010] According to such light-emitting material, since
each of the film-forming components is prepared with a ratio
substantially equal to the desired ratio and is dissolved in the
solvent to form the solution, for example, when the solution
(light-emitting material) is dried at the determined tempera-
ture, each of the film-forming components in the solution
reaches the saturated concentration virtually simultaneously.
At this time, the saturated concentration of each of the
film-forming components at the predetermined temperature
of the solution is different corresponding to the difference in
the desired ratio of each of the film forming components in
the light-emitting layer to be formed, such that each of the
film-forming components is deposited to have the difference
corresponding to the desired ratio. Therefore, the light-
emitting layer (film), which is obtained when each of the
film-forming components are deposited, is continuously
grown with maintaining the difference corresponding to the
desired ratio, such that the phase separation of each of the
film-forming components does not occur, whereby each of
the film-forming components is uniformly mixed with a
desired ratio (difference). Therefore, the light-emitting layer
obtained in this way is excellent in a light-emitting charac-
teristic.

[0011] Further, in the light-emitting material, when the
film-forming components are composed of two kinds of
components, and the desired ratio of each of the film-
forming components in the light-emitting layer to be formed
is x:y, where x>y, the saturated concentration ratio of the
film-forming components in the solution at a predetermined
temperature is preferably (x+0.2x):y.

[0012] As described above, the saturated concentration
ratio of each of the film-forming components at a predeter-
mined temperature is set within about +20% with respect to
the desired ratio of each of the film-forming components.
Therefore, for example, the drying temperature is set to be
slightly lower than the predetermined temperature, whereby
it is possible to make the ratio of each of the film-forming
components during the time of deposition nearly equal to the
desired ratio.
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[0013] Further, in the light-emitting material, it is prefer-
able that the film-forming components are composed of a
host component and a guest component in a phosphorescent
material.

[0014] When the light-emitting material is made of the
phosphorescent material, it is possible to realize a more
highly efficient light-emission. Therefore, in the case where
the light-emitting layer of the organic EL apparatus is
formed by using the light-emitting material, the light emis-
sion characteristic of the obtained organic EL apparatus can
be enhanced.

[0015] Further, it is preferable that the light-emitting mate-
rial be used for film formation by a liquid droplet ejection
method.

[0016] Here, since the film formation by the liquid droplet
ejection method such as the inkjet method is possible, it is
possible to selectively distribute only the needed amount of
the light-emitting material at desirable places. Therefore, it
is possible to increase the productivity by excluding the
patterning by using a lithography method or the like, thereby
decreasing the production cost.

[0017] The method of manufacturing the organic EL appa-
ratus according to the present invention comprises forming
a film by using the light-emitting material, and forming a
light-emitting layer by drying the formed film at a prede-
termined temperature.

[0018] According to the method of manufacturing the
organic EL apparatus, since the above-described light-emit-
ting material is used and the drying process is performed, the
phase separation of each of the film-forming components
does not occur in the light-emitting layer (film) obtained by
the deposition of each of the film-forming components,
whereby each of the film-forming components is uniformly
mixed with a desired ratio (difference). Therefore, the light-
emitting layer obtained in this way is excellent in the
light-emitting characteristic.

[0019] An organic electroluminescent apparatus is
obtained by the above-describe method. Therefore, it has an
excellent light-emitting characteristic as described above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The invention will be described with reference to
the accompanying drawings, wherein like numbers refer-
ence like elements, and wherein:

[0021] FIG. 1 is a sectional view illustrating a process of
a manufacturing method of an organic EL apparatus accord-
ing to the present invention;

[0022] FIG. 2 is a sectional view illustrating a process of
a manufacturing method of the organic EL apparatus, which
follows up the process of FIG. 1;

[0023] FIG. 3 is a sectional view illustrating a process of
a manufacturing method of the organic EL apparatus, which
follows up the process of FIG. 2;

[0024] FIG. 4 is a sectional view illustrating a process of
a manufacturing method of the organic EL apparatus, which
follows up the process of FIG. 3;

[0025] FIG. 5 is a sectional view illustrating a process of
a manufacturing method of the organic EL apparatus, which
follows up the process of FIG. 4;
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[0026] FIG. 6 is a sectional view illustrating a process of
a manufacturing method of the organic EL apparatus, which
follows up the process of FIG. 5; and

[0027] FIGS. 7A to 7C are views illustrating embodi-
ments of an electronic apparatus.

DETAILED DESCRIPTION OF EMBODIMENTS

[0028] Hereinafter, the present invention will be described
in detail.
[0029] A light-emitting material according to the present

invention is a film-forming material used for film formation
by a liquid-phase method such as a liquid droplet ejection
method and is a light-emitting material for forming a light-
emitting layer in an organic EL device. Further, the light-
emitting material is a solution composed of a plurality of
film-forming components (solutes) and a solvent for dis-
solving the film-forming components.

[0030] The film-forming components are components
constituting the light-emitting layer to be formed. Therefore,
in the case where the light-emitting layer to be formed is
composed of a plurality of components, the film-forming
component in the solution (light-emitting material) is also
composed of a plurality of film-forming components, as
described above. Therefore, in order that the light-emitting
layer composed of a plurality of components functions well
as a light-emitting layer, the components needs to be uni-
formly mixed, as described above. Specifically, in the case
where the light-emitting material is a phosphorescent mate-
rial, the film-forming components correspond to two com-
ponents, that is, a host component and a guest component,
in the phosphorescent material, and both need to be uni-
formly mixed.

[0031] Here, the plurality of components (two compo-
nents) are prepared with a ratio (weight ratio) substantially
equal to the desired ratio of each of the film-forming
components in the light-emitting layer to be formed and are
dissolved in the solvent to form the solution. Specifically, in
the light-emitting layer composed of the plurality of com-
ponents, the light-emitting characteristic thereof differs
depending on the ratio (weight ratio) of each of the com-
ponents. Commonly, the light-emitting characteristic is
enhanced to the almost at a specific ratio. Therefore, the
specific ratio is defined as a ‘desired ratio’ in the present
invention. Further, such desired ratio (specific ratio) can be
easily obtained through experiments carried out beforehand
or the like.

[0032] Further, in the present invention, the ratio of each
of the film-forming components in the solution is made to be
substantially equal to the desired ratio of each of the
film-forming components in the light-emitting layer to be
formed. However, ‘substantially equal’ means that a minute
difference from the desired ratio, which occurs due to a
measurement error of the material or the like, is within a
permissible range in the present invention.

[0033] In the above-described light-emitting material, in
the case where the desired ratio of each of the film-forming
components in the light-emitting layer to be formed is
different from each other, that is, in a case where the ratios
of the film-forming components are not equal to each other,
the ratios of the film-forming components in the light-
emitting material (solute) are also not equal to each other.
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Therefore, the light-emitting material is prepared with the
ratios of the film-forming components being different from
each other.

[0034] Inparticular, the light-emitting material is prepared
so that the saturated concentration of each of the film-
forming components at the predetermined temperature is
different corresponding to the difference in the ratio.

[0035] More specifically, when the film-forming compo-
nents are composed of two kinds of components, that is, the
host component and the guest component, in the phospho-
rescent material, and the desired ratio of each of the film-
forming components in the light-emitting layer to be formed
is xty, where x>y, the saturated concentration ratio of each
of the film-forming components at a predetermined tem-
perature of the solution is (x+0.2x):y. Specifically, a solvent
satisfying the above-mentioned condition with respect to the
plurality of film-forming components forming a light-emit-
ting layer is selected for use, such that the light-emitting
material of the present invention is formed.

[0036] Here, as the film-forming components forming the
light-emitting layer, various conventional phosphorescent
materials composed of a host component and a guest com-
ponent are suitable for use. Similarly, a fluorescent material
formed as a two-component system may be used in the
present invention.

[0037] Further, there is no specific limitation with respect
to the solvent for dissolving the film-forming components.
In particular, when the light-emitting material (solution) of
the present invention is disposed by using the liquid droplet
ejection method, such as an inkjet method, solvents having
a boiling point of 200 to 400° C. in air are preferably used.

[0038] Specific examples of the solvent with a high boil-
ing point include dodecyl benzene (boiling point, 331° C.),
cyclohexyl benzene (boiling point, 240° C.), 1,2,3,4-tetram-
ethyl benzene (boiling point, 203° C.), 3-isopropyl vinyl
benzene (boiling point, 290° C.), 3-methylbiphenyl (boiling
point, 272° C.), 4-methylbiphenyl (boiling point, 267° C.),
p-anisylalcohol (boiling point, 259° C.), 1-methyl naphtha-
lene (boiling point, 240 to 243° C.), 1,2,3 4-tetrahydronaph-
thalene (boiling point, 207° C.), or derivatives thereof may
be exemplified, and they may be used as singly or in a
mixture.

[0039] The light-emitting material of the present invention
is prepared by using such a material having a high boiling
point. Therefore, when the light-emitting material is ejected
by the inkjet method or the like and is disposed at prede-
termined places, the solvent does not completely evaporate
in a short time but remains in the organic thin film. There-
after, a drying treatment such as heating and pressure-
reduction is performed, whereby the solvent is totally dried,
and the surface of the organic thin film (light-emitting layer)
becomes extremely flat and exhibits superior adherence with
respect to another film.

[0040] Further, the light-emitting material of the present
invention may be applied to liquid-phase methods such as a
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spin coating method, other than the liquid droplet ejection
method such as the inkjet method.

[0041] In the above-described light-emitting material,
each of the film-forming components is prepared with a ratio
substantially equal to the desired ratio and is dissolved in the
solvent, thereby forming the solution. Therefore, when the
solution (the light-emitting material) is dried at the prede-
termined temperature, the solvent in the solution is evapo-
rated and the film-forming components in the solution reach
saturated concentrations virtually simultaneously.

[0042] Specifically, since the saturated concentrations of
the film-forming components in the solution at the prede-
termined temperature are different from each other corre-
sponding to differences from the desired ratio of the film-
forming components in the light-emitting layer to be
formed, the film-forming components reach the saturated
concentrations virtually simultaneously, not at different
times. Then, each of the film-forming components is depos-
ited with a difference corresponding to the desired ratio.

[0043] Therefore, the light-emitting layer (film), which is
obtained by depositing the film-forming components, is
continuously grown while maintaining the difference corre-
sponding to the desired ratio, such that the phase separation
of each of the film-forming components does not occur,
whereby each of the film-forming components is uniformly
mixed with a desired ratio (difference). Therefore, the light-
emitting layer obtained in this way has excellent light-
emitting characteristics.

[0044] Further, in the light-emitting material, when the
film-forming components are composed of two kinds of
components, the host component and the guest component,
in the phosphorescent material, and the desired ratio of each
of the film-forming components in the light-emitting mate-
rial to be formed is x:y, where x>y, the saturated concen-
tration ratio of each of the film-forming components in the
solution at a predetermined temperature is preferably
(x%0.2x):y. As described above, the saturated concentration
ratio of each of the film-forming components at a predeter-
mined temperature is set within about +20% with respect to
the desired ratio of each of the film-forming components.
Therefore, for example, the drying temperature is set to be
slightly lower than the predetermined temperature, whereby
it is possible to make the ratio of each of the film-forming
components during deposition nearly equal to the desired
ratio. Thus, it is possible to improve the light-emitting
characteristics of the obtained light-emitting layer.

EXPERIMENTAL EXAMPLE

[0045] As the two-component system material, ‘Tris(4-
phenylpiridinolato)Ir(I1T)° (hereinafter, refer to as Ir(ppy);)
and °4,4-dicarbazole-4,4-biphenyl’ (hereinafter, refer to as
CBP), which is a phosphorescence-emitting material, were
used. Here, among the compounds, Ir(ppy); was a guest
material and had the following structure:
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[Formula 1]

Ir
N Y
F
3
Ir (ppy)s

[0046] Further, CBP was a host material and had the
following structure:

[Formula 2]

A N
o

4, 4-dicarbazole-4, 4-biphenyl (CBP)

[0047] First, in a case where the two kinds of materials
were used for the light-emitting layer of the organic EL
element, a specific ratio in which the light-emitting charac-
teristic was maximized, that is, ‘desired ratio” in the present
invention, was obtained as a ratio (weight ratio) between the
two materials. Specifically, multiple kinds of solutions in
which the ratio (weight ratio) between two materials were
changed step-by-step were formed, each of the obtained
solutions was film-formed using a spin coating method to
thus form the light-emitting layer, and the organic EL
elements were formed. Further, in such solutions, a solvent
with a low boiling point was used. By doing so, when each
of the solutions was applied by the spin coating method, the
solvent was quickly vaporized, such that the solute materials
(Ir(ppy), and CBP) were deposited virtually simultaneously,
whereby each of the light-emitting layers was formed with-
out phase separation.

[0048] Each of the light-emitting layers was formed in this
way, and the light-emitting characteristics of the obtained
organic EL elements were measured. From the result of the
measurement, we can found that the light-emitting charac-
teristic was maximized when the weight ratio of Ir(ppy); to
CBP was 1 to 10. Here, the weight ratio is the ‘desired ratio’
in the present invention.

[0049] Next, Ir(ppy); and CBP with the “desired ratio’ of
1:10 (weight ratio) were dissolved in a solvent. As the
solvent, cyclohexyl benzene (hereinafter, refer to as CHB)
having a relatively high boiling point (240° C.) was used for
the purpose of applying the inkjet method. Since CHB has
arelatively high boiling point, it was possible to obtain a flat
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thin film (light-emitting layer) as described above, when the
solution using CHB as the solvent was ejected (coated) by
an inkjet apparatus.

[0050] Ir(ppy); and CBP were dissolved in the solvent
(CHB), especially at room temperature (20° C.), with the
weight ratio of the saturated concentration of Ir(ppy), and
CBP being 1:10. Specifically, the CBP dissolved more easily
in the CHB at room temperature (20° C.) by a factor of about
10 compared to the Ir(ppy)s.

[0051] Here, the above-described solution (light-emitting
material) was prepared by adding the Ir(ppy), and CBP with
the ratio of 1:10 as the weight ratio to the CHB and by
dissolving them in the CHB.

[0052] Next, the solution was ejected on a substrate by
using the known inkjet apparatus. Then, the substrate was
placed inside a vacuum drying furnace and was vacuum-
dried (reduced pressure-dried) under a vacuum of 10~* Torr
at the predetermined temperature (room temperature (20°
C.)), whereby the solvent was vaporized, and a thin film
(light-emitting layer) was formed on the substrate.

[0053] The thin film (light-emitting layer) formed in this
way was observed by an electron microscope or the like.
From the result of the observation, we found that the
Ir(ppy), and CBP were uniformly mixed with a ratio of 1:10
on the entire thin film, and phase separation did not occur.

[0054] Further, the kind of solvent and the predetermined
temperature being factors determining the saturated concen-
tration were changed such that the saturated concentration
ratio of the Ir(ppy), and CBP at a predetermined temperature
was changed step-by-step, and the thin film (light-emitting
layer) was formed in the same way. Even when a solution in
which the ratio of the saturated concentration ranges from
1:8 to 1:12 was used, we found that it was possible to form
a thin film in which phase separation between Ir(ppy), and
CBP did not occur and they were uniformly mixed with
substantially the same ratio to the desired ratio, by setting
the drying temperature to be slightly lower than the prede-
termined temperature.

[0055] Hereinafter, a method of manufacturing the organic
EL apparatus using the above-described light-emitting mate-
rials will be described.

[0056] The manufacturing method according to the
present invention includes a partition wall forming process,
plasma treatment process, a hole injection and transport
layer forming process, a surface reforming process, a light-
emitting layer forming process, a cathode forming process,
and a sealing process.

[0057] As shown in FIG. 1, in the partition wall forming
process, inorganic bank layers 12a and organic bank layers
125 are sequentially laminated on transparent electrodes 11
formed of ITO or the like on a substrate 10 in which TFTs
(not shown) or the like are preliminary formed as necessary,
thereby forming bank layers (partition walls) 12 which
partition each of pixel regions.

[0058] The inorganic bank layers 12a are formed by
forming an inorganic film (not shown) such as Si0O,, TiO,,
SiN or the like on the entire surface of the substrate 10 and
the transparent electrodes 11 by a CVD method, a sputtering
method, a deposition method, and the like, and by patterning
the inorganic film using an etching method or the like to
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form opening parts 13a in the pixel regions on the trans-
parent electrodes 11. At this time, the inorganic bank layers
12a remain at the peripheral edges of the transparent elec-
trodes 11. Further, the film thickness of the inorganic bank
layers 12a is preferably 50 to 200 nm, and is more preferably
150 nm.

[0059] Next, an organic film (not shown) is formed on the
entire surface of the substrate 10, the transparent electrodes
11, and the inorganic bank layers 12a. The organic film is
formed by applying an organic resin such as acryl resin and
polyimide resin, which is dissolved in a solvent, by a spin
coating method, a dip coating method or the like. Then, the
organic film is etched by a photolithography technology or
the like to form the openings 135, thereby forming the
organic bank layers 125. As shown in FIG. 1, the openings
134 of the organic bank layers 125 are preferably formed to
be slightly wider than the openings 13a of the inorganic
bank layers 12a¢. By doing so, the openings 13 penetrating
through the inorganic bank layers 12a and the organic bank
layers 125 are formed on the transparent electrode 11.
Further, the shape of the openings 13 in a plan view may be
a circle, an ellipse, or a quadrangle. However, in case of a
quadrangle, since an ink compound has surface tension, it is
preferable that the corners be rounded.

[0060] Next, in the plasma treatment process, areas show-
ing ink-affinity and areas showing ink-repellency are formed
on the surfaces of the bank layers 12. The plasma treatment
process is classified broadly into a pre-heating process, an
ink-affinity imparting process to make the entire surface
show ink-affinity, an ink-repellency imparting process to
make the organic material surface show ink-repellency, and
a cooling process.

[0061] In the pre-heating process, the substrate 10 includ-
ing the bank layers 12 is heated to a predetermined tem-
perature. For example, the heating is performed by attaching
a heater to a stage on which the substrate 10 is mounted in
a plasma treatment chamber, and the substrate 10 on the
stage is heated to a temperature of 70 to 80° C. by the heater.
Due to the pre-heating, even though the plasma treatment is
continuously performed on a plurality of substrates, it is
possible to keep the plasma treatment conditions substan-
tially constant just after the start-up of the treatment and just
before the end of the treatment. Therefore, it is possible to
make the bank layers 12 on the substrates 10 have a uniform
affinity with respect to the ink compound, whereby a display
apparatus having uniform quality can be manufactured.
Further, the substrate 10 is pre-heated, whereby the treat-
ment time for the plasma treatment can be reduced.

[0062] In the ink-affinity imparting process, a plasma
treatment in which oxygen is used as a reaction gas (O,
plasma treatment) is performed in air. Specifically, the
substrate 10 including the bank layers 12 is disposed on a
sample stage including a built-in heater, and oxygen in the
plasma state is irradiated onto the substrate 10. The O,
plasma treatment is performed under certain conditions, for
example, a plasma power of 100 to 800 kW, an oxygen flow
rate of 50 to 100 cc/min, a substrate transport speed of 0.5
to 10 mm/sec, and a substrate temperature of 70 to 90° C. By
such O, plasma treatment, hydroxyl radicals are introduced
to the exposed surfaces of the transparent electrodes 11 and
the inorganic bank layers 12a, and the entire surface of the
organic bank layers 125, whereby ink-affinity is imparted
thereto.
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[0063] Next, in the ink-repellency imparting process, a
plasma treatment (CF, plasma treatment) in which tet-
rafluoro methane (carbon tetrafluoride) is used as a reaction
gas is performed in air. Specifically, the substrate 10 includ-
ing the bank layers 12 is disposed on the sample stage
including the built-in heater, and tetrafluoro methane (car-
bon tetrafluoride) in the plasma state is irradiated onto the
substrate 10. The CF, plasma treatment is performed under
certain conditions, for example, a plasma power of 100 to
800 kW, a tetrafluoro methane (carbon tetrafluoride) flow
rate of 50 to 100 SCCM, a substrate transport speed of 0.5
to 10 mm/sec, and a substrate temperature of 70 to 90° C.
Further, the treatment gas is not limited to tetrafluoro meth-
ane (carbon tetrafluoride): other fluorocarbon-based gases
may be used. By such CF, plasma treatment, fluorine radi-
cals are introduced to the organic bank layers to which the
ink-affinity has been imparted in the ink-affinity imparting
process, whereby ink-repellency is imparted thereto. In the
organic material such as the acryl resin and polyimide resin,
which constitutes the organic bank layers 125, hydroxyl
radicals are easily substituted with fluorine radicals by
irradiating the fluorocarbon in a plasma state thereto,
whereby the organic material can show ink-repellency. On
the other hand, the exposed surfaces of the transparent
electrodes 11 and the inorganic bank layers 12a also receive
an effect caused by the CF, plasma treatment in some
degree. However, it does not affect the aflinity.

[0064] Next, in the cooling process, the substrate 10
heated for the purpose of the plasma treatment is cooled
down to room temperature. Specifically, for example, the
substrate 10 to which the plasma treatment has been per-
formed is disposed on a water-cooling-type plate and is
cooled down. The substrate 10 to which the plasma treat-
ment has been performed is cooled down to room tempera-
ture or a predetermined temperature (for example, a con-
trolled temperature at which the inkjet process is
performed), whereby it is possible to perform the next hole
injection and transport layer forming process at a constant
temperature. Hereby, when a liquid-phase material including
the material for the hole injection and transport layer is
ejected by the inkjet method, it is possible to continuously
eject liquid droplets at a constant volume and to uniformly
form the hole injection and transport layer.

[0065] In the plasma treatment process, the O, plasma
treatment and the CF, plasma treatment are sequentially
performed on the inorganic bank layers 12a and the organic
bank layers 125, which are composed of different materials
from each other, whereby it is possible to easily form
ink-affinity areas and ink-repellency areas on the bank layer
12.

[0066] Next, in the hole injection and transport layer
forming process, a liquid-phase material (an ink composite)
15 including the hole injection and transport layer material
is ejected to the openings 13 on the transparent electrodes 11
by the inkjet method, and the drying treatment and the
heating treatment are performed, thereby forming the hole
injection and transport layer 16. Further, processes after the
hole injection and transport layer forming process are pref-
erably performed under an inert atmosphere, such as nitro-
gen atmosphere or argon atmosphere, without water and
oxygen. As shown in FIG. 2, the liquid-phase material 15
(ink composite) including the hole injection and transport
material is filled into an inkjet head 14, an ejection nozzle of
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the inkjet head 14 is disposed facing to the openings 13, the
liquid-phase material 15, whose liquid volume of one drop-
let is controlled, is ejected onto each of the transparent
electrodes 11 from the inkjet head 14 while moving the
inkjet head 14 and the substrate 10 relative to each other.

[0067] Here, as the liquid-phase material 15, an ink com-
posite in which, for example, a polythiophene derivative
such as polyethylene dioxythiophene (PEDOT) and a mix-
ture such as polystylene sulfonic acid (PSS) are dissolved in
a polarized solvent can be used. As the polarized solvent, for
example, isopropyl alcohol (IPA), butanol, y-butyroloctone,
N-methylpyrrolidone (NMP), 1,3-dimethyl-2-imidazolidi-
none (DMI) and derivatives thereof, and glycolethyl ether
such as carbitol acetate and butyl carbitol acetate can be
exemplified. Further, as the material for the hole injection
and transport layer 16, the same material may be used with
respect to each of light-emitting layers of red (R), green (G),
and blue (B), or the material may be changed for each of the
R, G, and B light-emitting layers.

[0068] The ejected liquid-phase material 15 is spread on
the transparent electrode 11 and the inorganic bank layer 12a
of the opening 13, each of which has undergone the ink-
affinity treatment. Further, even though the liquid-phase
material 15 is ejected onto the organic bank layers 125,
which deviated from the predetermined ejection position,
the organic bank layer 125 does not get wet by the liquid-
phase material 15, and the liquid-phase material 15 dropped
thereto falls into the opening 13.

[0069] The ejection amount of the liquid-phase material
15 is determined depending on the size of the opening 13,
the thickness of the hole injection and transport layer to be
formed, the concentration of the hole injection and transport
layer material in the liquid-phase material 15, and the like.
Further, the liquid-phase material 15 may be ejected all at
once, or it may be ejected in several batches into the same
opening 13. In this case, the amounts of liquid-phase mate-
rial 15 ejected each time may be equal to each other, or the
amount may be different for every ejection. Further, the
liquid-phase material 15 may be ejected into the same place
in the opening 13, or it may be ejected onto different places
in the opening 13 for every ejection.

[0070] Next, as shown in FIG. 3, the liquid-phase material
15, after being ejected, is dried and the polarized solvent
included in the liquid-phase material 15 is vaporized,
thereby forming the hole injection and transport layer 16.
This drying process is performed, for example, in nitrogen
atmosphere, at room temperature, and at a pressure of 133.3
Pa (1 Torr). If the pressure is too low, the liquid-phase
material 15 is suddenly vaporized, which is undesirable.
Further, a small amount of the liquid-phase material 15
remains attached to a peripheral wall surface of the bank 12.
However, when the temperature exceeds room temperature,
the vaporization speed of the polarized solvent becomes
higher, such that the amount of material remaining attached
becomes excessive. Therefore, the temperature of the drying
treatment is preferably set to room temperature or less. After
the drying treatment, a heat treatment in nitrogen, more
preferably in a vacuum, at 200° C., for 10 minutes is
performed, such that the polarized solvent or water remain-
ing in the hole injection and transport layer 16 is preferably
removed.

[0071] In the above-described hole injection and transport
layer forming process, the ejected liquid-phase material 15
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is applied to the exposed surface of the ink-affinity trans-
parent electrode 11 and the inorganic bank layer 124, and is
not attached to the organic bank layer 125 which has
undergone the ink-repellency treatment, such that even if the
liquid-phase material 15 is ejected by mistake onto the
organic bank layer 125, the liquid-phase material 15 dropped
thereto falls onto the exposed surface of the transparent
electrode 11 and the inorganic bank layer 12a. Therefore, the
hole injection and transport layer 16 can be reliably formed
on the transparent pixel electrode 11.

[0072] Next, in the light-emitting layer forming process,
the above-described light-emitting material 17 according to
the present invention is used as the ink composite and is
ejected onto the hole injection and transport layer 16 by the
inkjet method, as shown in FIG. 4. Further, as the light-
emitting material for forming the light-emitting layer, the
above-described light-emitting material according to the
present invention is used with respect to all materials (ink
composites) corresponding to each of the red color (R), the
green color (G), and the blue color (B). Instead of this, a
single component-based light-emitting material, for
example, fluorescence emitting material (fluorescent mate-
rial) which has been used heretofore, can be used with
respect to one or two kinds of material among all of the
materials.

[0073] As the single component-based light-emitting
material, a fluorine-based high molecular derivative, a (poly)
paraphenylene vinylene derivative, a polyphenylene deriva-
tive, a polyfluorene derivative, a polyvinyl carbazole, a
polythiophene derivative, a perylene-based pigment, a cou-
marin-based pigment, and a rhodamine-based pigment can
be used.

[0074] The light-emitting material 17 is ejected onto the
hole injection and transport layer 16, and the drying treat-
ment is performed for every light-emitting material, such
that the light-emitting layers 18a, 185, and 18¢ are sequen-
tially formed, as shown in FIG. 5. In the drying treatment,
in the case where the above-described light-emitting mate-
rial according to the present invention is used as the light-
emitting material, the drying treatment is performed by
setting the predetermined temperature according to the
present invention as the drying temperature, thereby forming
the light-emitting layers 184, 18b, and 18c¢. Since the drying
treatment is performed in this way, the light-emitting layer
17 formed from the light-emitting material according to the
present invention is formed so that the film-forming com-
ponents (solutes) are uniformly mixed with a desirable
compound ratio without causing phase separation thereof, as
described above. Specifically, in the inside of a single pixel
(bank layer 12), the film-forming components are uniformly
mixed without irregularity. Further, at the time of the drying
process, in the case where the predetermined temperature is
room temperature, the light-emitting layers 18a, 185, and
18¢ can be quickly and uniformly formed by adopting
vacuum drying or reduced pressure drying, not heat drying.

[0075] Next, in the cathode forming process, the cathode
19 is formed on the entire surface of the light-emitting layers
18a, 185, and 18¢, and the organic bank layers 125, as
shown in FIG. 6. The cathode 19 may be formed by
laminating a plurality of materials. For example, it is pref-
erable that the material near the light-emitting layer among
the plurality of laminated materials be composed of a
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material such as Ca and Ba, which has a low work function.
Further, it is preferable that the upper side (sealing side) is
composed of Al film, Ag film, Mg/Ag laminated film or the
like, which has a work function higher than that of the
cathode layer of the lower side (light-emitting layer side).
Further, the thickness of the cathode is preferably in the
range of 100 to 1000 nm, and more preferably 200 to 500
nm. The cathode (cathode layer) is preferably formed by a
deposition method, a sputtering method, a CVD method, or
the like. Specifically, in the case of the deposition method,
damage caused by heating the light-emitting layers 18a, 185,
and 18¢ can be prevented, which is advantageous. Further,
a protective layer such as SiO, SiO,, SiN, or the like, which
prevents oxidization from being generated, may be formed
on the cathode 19.

[0076] Finally, in a sealing process, a sealing material
composed of a heat-curable resin or an ultraviolet-curable
resin is applied onto the entire surface of the cathode 19,
thereby forming a sealing layer 20. Further, a sealing sub-
strate (not shown) is laminated onto the sealing layer 20. The
sealing process is preferably performed in an inert atmo-
sphere of nitrogen, argon, helium, or the like. In a case where
it is performed in air, when a defect such as a pin hole is
formed in a reflective layer, water or oxygen penetrates into
the cathode 19 through the defect portion and the cathode 19
can be oxidized. Therefore, this is undesirable. In this way,
an organic EL apparatus shown in FIG. 6 is obtained.

[0077] In the organic EL apparatus 100 obtained in this
way, the above-described light-emitting layer 17 is formed
so that each of the film-forming components (solutes) are
uniformly mixed with a desirable compound ratio without
phase separation thereof, whereby the organic EL apparatus
100 has excellent light-emitting characteristics.

[0078] Further, the organic EL apparatus according to the
present invention is not limited to the above-described
embodiment, and various modifications can be made. For
example, in the above-described embodiment, the light-
emitting layers of R, G, and B are included for full-color
display. However, it is possible to emit only a single color
light among all the colors and to use it as a light source.
Further, in the case where the organic EL apparatus 100 is
used as a light source, it is possible to make the light-
emitting layers 18a, 185, and 18¢ of R, G, and B emit at the
same time, and to use them as a white light source emitting
white light.

[0079] Next, specific examples of an electronic apparatus
including the organic EL apparatus 100 as a display part will
be described. FIG. 7A is a perspective view illustrating an
example of a portable telephone. In FIG. 7A, reference
numeral 600 indicates a main body of the portable tele-
phone, and reference numeral 601 indicates the organic EL
apparatus serving as a display unit. FIG. 7B is a perspective
view illustrating an example of a portable information
processing apparatus, such as a word processor, a personal
computer, or the like. In FIG. 7B, reference numeral 700
indicates an information processing apparatus, reference
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numeral 701 indicates an input unit such as a keyboard,
reference numeral 703 indicates the main body of the
information processing apparatus, and reference numeral
702 indicates the organic EL apparatus serving as a display
unit. FIG. 7C is a perspective view illustrating an example
of a wristwatch-type electronic apparatus. In FIG. 7C,
reference numeral 800 indicates a main body of the wrist-
watch, and reference numeral 801 indicates the organic EL
apparatus serving as a display unit. According to the present
embodiments, it is possible to provide an electronic appa-
ratus including a display apparatus having excellent light-
emitting characteristics.

What is claimed is:

1. A light-emitting material which is a film-forming
material used for film formation by a liquid-phase method
and which is a light-emitting material for forming a light-
emitting layer, comprising:

a plurality of film-forming components; and

a solvent for dissolving the film-forming components, the
light-emitting material being a solution,

wherein the ratio of each of the film-forming components
in the light-emitting layer to be formed is different, and
each of the film-forming components is prepared with
a ratio substantially equal to the desired ratio and is
dissolved in the solvent, and

saturated concentrations of each of the film-forming com-
ponents in the solution at a predetermined temperature
are different from each other corresponding to the
difference in the desired ratio.

2. The light-emitting material according to claim 1,

wherein the film-forming components are composed of
two kinds of components, and when the desired ratio of
each of the film-forming components in the light-
emitting layer to be formed is x:y, where x>y, the
saturated concentration ratio of the film-forming com-
ponents in the solution at a predetermined temperature
is (x0.2x):y.

3. The light-emitting material according to claim 1,
wherein the film-forming components are composed of a
host component and a guest component in a phosphorescent
material.

4. The light-emitting material according to claim 1,
wherein the light-emitting material is used for film forma-
tion by a liquid droplet ejection method.

5. A method of manufacturing an organic electrolumines-
cent apparatus, comprising;

forming a film by using the light-emitting material
according to claim 1, and

forming a light-emitting layer by drying the formed film
at a predetermined temperature.

6. An organic electroluminescent apparatus obtained by
the method according to claim 5.
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