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(57) ABSTRACT 
A composition, Which can be used in an ink jet printing 
method, can use either a non-polar or a Weakly polar 
material as a functional material, prevents clogging at dis 
pensing time, achieves stable dispensing, and prevents pre 
cipitation of content matter during dispensing and phase 
separation during ?lm formation, a uniform, homogenous 
functional ?lm formed using this composition and a manu 
facturing method therefor, as Well as an organic EL device 
or other such display device and a manufacturing method 
therefor. A composition of the present invention consists of 
a functional material, and a solvent comprising at least one 
benzene derivative, Which has one or more substituents, and 
these substituents have 3 or more carbon atoms in total. A 
functional ?lm of the present invention is formed using the 
above-mentioned composition. A display device of the 
present invention comprises luminescent material layers 
formed using the above-mentioned composition betWeen 
tWo electrodes. The above-mentioned display device is an 
organic EL device or the like. 
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COMPOSITION, FILM MANUFACTURING 
METHOD, AS WELL AS FUNCTIONAL DEVICE 
AND MANUFACTURING METHOD THEREFOR 

TECHNICAL FIELD 

[0001] The present invention relates to a composition 
(dispensing composition), Which is used to form a functional 
material patterned ?lm, and can be stably dispensed using a 
dispensing apparatus, a ?lm manufacturing method, Which 
forms a uniform ?lm (functional ?lm) using this composi 
tion, as Well as a functional device comprising luminescent 
material layers formed using the above-mentioned compo 
sition, and particularly a functional device (display device), 
such as an organic electroluminescent (EL) device, Which is 
useful in luminescent display applications, and a manufac 
turing method therefor. 

BACKGROUND ART 

[0002] In the past, functional material patterning has been 
done using photolithography techniques. Because this 
method has drawbacks, such as high costs and complicated 
processes, recently, functional material patterning using a 
dispensing apparatus, Which is convenient, and makes cost 
cutting possible, has been under study. A method, Which uses 
an ink jet printing apparatus, has been studied in particular. 

[0003] For example, the manufacture of color ?lters for 
use With liquid crystal displays can be raised as an example 
of micro-patterning using an ink jet printing apparatus. This 
is a manufacturing method, Which appropriately ejects either 
dyed or pigmented ink of red, blue, and green in accordance 
With a printing apparatus having noZZles, Which eject ink of 
three colors, red, blue and green, producing a color ?lter. 
The ink used in this manufacturing method is ordinarily 
Water-soluble polar ink. In most cases, Water-soluble ink 
such as this contains glycerin or some other solvent to 
prevent noZZle clog When the ink dries. 

[0004] Further, a method for making a luminescent mate 
rial such as an organic ?uorescent material, for example, into 
an ink, supplying this ink via dispensing onto a substrate 
using an ink jet method, and patterning the luminescent 
material is being used, and a color display device, and more 
particularly, an organic EL display device, Which uses an 
organic luminescent material as a luminescent material, of a 
construction, in Which a layer of this luminescent material is 
interposed betWeen the positive and negative electrodes, is 
being developed. 
[0005] The manufacture of this color display device 
(organic EL display device) is, for example, carried out as 
folloWs. 

[0006] Firstly, a ?uorescent material is dissolved in a 
suitable solvent, and made into ink. This ink (composition) 
is dispensed or ejected onto a transparent electrode-equipped 
substrate, Which serves as the positive electrode of an 
organic EL display device, so as to cover these transparent 
electrodes. At this point, an electrode is either formed on a 
single plane, or has a strip- or mosaic-shaped pattern, and is 
a structure, Which is connected to, and can be driven by a 
poWer source. Next, after forming a luminescent material 
layer by drying and removing the solvent in the ink, a small, 
Work function metal, for example, a silver, lithium, calcium, 
aluminum or other metal is expediently deposited on this 
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luminescent material layer using a vapor deposition or 
sputtering method, forming a negative electrode. In this 
fashion, a display device of a structure in Which this lumi 
nescent material layer is interposed betWeen a positive and 
a negative electrode is achieved. 

[0007] Apattern forming method using a conventional ink 
jet printing technique such as this has extremely outstanding 
characteristics, such as saving labor, saving resources, and 
not requiring mask making, but it also has the draWback of 
limiting the materials used in the composition (dispensing 
composition). 
[0008] In the ink jet method, a solvent such as, for 
example, ethanol or Water is used as the solvent in the 
dispensing composition. HoWever, among non-polar, or 
Weakly polar functional materials, or polymer functional 
materials (luminescent materials or the like), there are those 
that do not dissolve in these solvents. There is also the 
draWback that functional materials, Which either react With 
Water and alcohol, or are decomposed by alcohol, cannot be 
used. 

[0009] Further, in a case in Which benZene, toluene, xylene 
or another solvent that readily dissolves a non-polar material 
is used as the solvent for dissolving a functional material, 
due to the loW boiling point (high vapor pressure) of such a 
solvent, the draWback is that it dries easily, and is apt to 
cause noZZle clog. Further, either during dispensing or after 
dispensing, there are times in the formation of a ?lm, When 
the dispensing composition is robbed of its heat of vapor 
iZation by the volatiliZation of the solvent, and the tempera 
ture of the dispensing composition drops, promoting the 
precipitation of the functional material. In addition thereto, 
in the case of a functional material having multiple con 
stituents, the draWback is that phase separation occurs, the 
?lm becomes non-uniform, and the functional ?lm is no 
longer able to carry out its original role. 

[0010] Furthermore, in a case in Which a material, Which 
cannot be easily used, and has poor solubility like this, is 
used anyWay, and the concentration of the dispensing com 
position is increased, precipitation and clogging occur. 
When the concentration is made Weaker in an attempt to 
prevent clogging, the draWback is that dispensing must be 
performed numerous times to achieve the characteristics of 
the functional material, and the number of processes must be 
increased. 

[0011] An object of the present invention is to provide a 
composition, Which can be used in an ink jet printing method 
instead of a photolithography method, Which is the conven 
tional method for patterning a functional material, and can 
utiliZe a material that is either non-polar or Weakly polar, or 
a material of a reactivity that reacts easily With Water. 

[0012] Further, another object of the present invention is 
to provide a composition, Which prevents clogging at dis 
pensing, achieves stable dispensing, and prevents precipita 
tion of content matter during dispensing and also prevents 
phase separation during post-dispensing ?lm formation. 
Furthermore, another object of the present invention is to 
provide a uniform ?lm (functional ?lm) manufacturing 
method, and a functional device (display device) such as an 
organic EL device, and a manufacturing method therefor. 

Disclosure of the Invention 

[0013] The present invention achieves the above-men 
tioned objects by providing a composition, Which is char 
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acteriZed in that it consists of a functional material, and a 
solvent comprising at least one benzene derivative having 
one or more substituents, and these substituents having 3 or 
more carbon atoms in total. 

[0014] Further, the present invention provides a ?lm 
manufacturing method, Which is characteriZed in that a ?lm 
is formed using the above-mentioned composition. Further, 
the present invention provides a functional device compris 
ing a luminescent material layer formed betWeen a ?rst and 
a second electrode using the above-mentioned composition, 
and a manufacturing method therefor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is an oblique vieW schematically shoWing a 
manufacturing process of a functional thin ?lm and an 
organic EL device as a functional device using a composi 
tion of the present invention; 

[0016] FIG. 2 is a simpli?ed cross-sectional vieW sche 
matically shoWing a portion of the manufacturing processes 
of an organic EL device as a functional device using a 
composition of the present invention (substrate formation 
process—hole injection/transport layer formation process); 
and 

[0017] FIG. 3 is a simpli?ed cross-sectional vieW sche 
matically shoWing a portion of the manufacturing processes 
of an organic EL device as a functional device using a 
composition of the present invention (luminescent layer 
formation process—sealing process). 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0018] HereinbeloW, a composition, ?lm manufacturing 
method, as Well as a functional device and a manufacturing 
method therefor of the present invention Will be explained in 
detail. 

[0019] A composition of the present invention is charac 
teriZed in that it consists of a functional material and a 
solvent comprising at least one benZene derivative, Which 
has one or more substituents, and these substituents have 3 
or more carbon atoms in total. 

[0020] Furthermore, What is referred to here as “these 
substituents have 3 or more carbon atoms in total” means 
that the total number (sum) of carbon atoms of all the 
displacable substituents in a benZene derivative is 3 or more. 
Therefore, for example, even When one substituent is a 
methyl group or an ethyl group having 1 or 2 carbon atoms, 
if combining this With another substituent constitutes 3 or 
more carbon atoms, then this combination can be incorpo 
rated in the above-mentioned benZene derivative related to 
the present invention. 

[0021] The above-mentioned benZene derivative utiliZed 
in the composition of the present invention has one or more 
substituents as explained hereinabove. As one of these 
substituents, there are no particular limitations as long as the 
total number of carbon atoms of all the substituents consti 
tutes 3 or more. As examples, either a normal chain or 
branched aliphatic hydrocarbon group, alicyclic hydrocar 
bon group, or aromatic hydrocarbon group can be given, and 
furthermore, oxygen atoms, nitrogen atoms, sulfur atoms 
and other hetero atoms can be contained in these hydrocar 
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bon groups. Further, the respective substituents can also 
bond together to form a cycloalkane ring or other ring 
structure. 

[0022] Further, as for the above-mentioned benZene 
derivative, the number of carbon atoms thereof is 3 or more 
as mentioned above, but from the standpoint of being able 
to further improve the solubility of a non-polar or Weakly 
polar functional material, this number is preferably betWeen 
3 and 12, and more preferably, betWeen 3 and 6. 

[0023] The above-mentioned benZene derivative is used in 
a composition of the present invention as a solvent, Which at 
least comprises this benZene derivative. As such a solvent, 
either a single solvent consisting of the 1 benZene derivative 
given as an example hereinabove, or a mixed solvent con 
sisting of tWo or more these benZene derivatives Will be 
acceptable, and a mixture of the above-mentioned benZene 
derivative and a solvent other than the above-mentioned 
benZene derivative Will also be acceptable. 

[0024] Here, as solvents other than the above-mentioned 
benZene derivative, in addition to a benZene derivative 
having 1 or more substituents of xylene, toluene or the like, 
With the total number of carbon atoms of these substituents 
being 2 or less (under 3), or a non-displacable benZene 
compound, a displacable benZene compound With a sub 
stituent that does not comprise carbon atoms can be given as 
an example. 

[0025] As a functional material used in a composition of 
the present invention, there are no particular limitations, and 
even if it is a non-polar or Weakly polar material, or a 
material of a reactivity that readily reacts With Water, it can 
be utiliZed. As such a functional material, a material, Which 
accords With the application of a composition of the present 
invention, is utiliZed, and an organic EL material or other 
luminescent material, a silica glass precursor, a color ?lter 
material, an organic metal compound or other conductive 
material, and either a dielectric or semiconductor material 
can be given as examples. An organic EL material, silica 
glass precursor, and color ?lter material are especially 
favorable. 

[0026] A composition of the present invention Will be 
utiliZed in a variety of applications, but ideally it Will be used 
in ink jet methods in particular. 

[0027] If a composition that requires the above-mentioned 
benZene derivative of the present invention is used, soluble 
material selectivity in particular Will become broader, drying 
Will be prevented at least during dispensing, stable dispens 
ing Will be made possible, and a uniform, homogenous, 
micro ?lm (functional ?lm) Will be achieved. To produce 
this excellent ?lm, the above-mentioned composition of the 
present invention is supplied via dispensing and distributed 
on a substrate, and thereafter, this ?lm is produced by 
subjecting this substrate to heat treatment (heating). Spe 
ci?cally, there can be cited a method, by Which, after a 
composition of the present invention has been dispensed and 
distributed on a substrate by a dispensing apparatus, the 
substrate is treated at a temperature that is higher than the 
temperature at dispensing. In general, the dispensing tem 
perature is room temperature, and the substrate is heated 
after dispensing. By carrying out this kind of treatment, the 
content matter, Which precipitated due to a drop in tempera 
ture resulting from post-dispensing solvent volatiliZation, is 
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re-dissolved, and a uniform, homogenous ?lm can be 
obtained Without phase separation. 

[0028] As for the temperature of the heat treatment, little 
effect is noticed in the vicinity of room temperature, but 
effects become evident at 40° Centigrade and higher. When 
the temperature exceeds 200° C., the solvent evaporates as 
soon as heat is applied, and the effect of heating is lost. 
Based on the above, the ideal heat treatment temperature is 
betWeen 40° and 200° C. More preferably, by heating at 
50-200° C., a more uniform, homogenous functional ?lm 
can be obtained. The folloWing effects are obtained by such 
a heat treatment temperature setting. In the case of dispens 
ing or ejecting a composition (ink) via an ink jet method in 
particular, generally, the solvent is vaporiZed, the tempera 
ture of the ink droplets is loWered, and content matter 
precipitation is a possibility. When the content matter of the 
ink constitutes 2 constituents or more, there are cases in 
Which the ink changes from a homogenous mixture system 
to a non-homogenous mixture system. In this case, phase 
separation occurs inside the luminescent material, and the 
chromaticity and luminous ef?ciency achieved via a homog 
enous system is not obtained. Accordingly, performing heat 
treatment by applying heat in the above-mentioned tempera 
ture range has the effect of re-dissolving the content matter 
of the dispensed composition, and making it more homog 
enous. 

[0029] Further, When manufacturing a ?lm, not only heat 
treatment (heating), but also reduced pressure, pressuriZa 
tion, or a combination of these With heating can be used as 
needed. 

[0030] For example, as a reduced pressure and heating 
combination, after heat treatment, it is desirable that pres 
sure be reduced as is immediately, thus removing the sol 
vent. As for the pressure When reducing pressure, from the 
standpoint of being able to achieve a more uniform, homog 
enous functional ?lm, preferably this pressure is 20x10“3 
mmHg (Torr) or less. By so doing, it is possible to prevent 
phase separation of the content matter When concentrating a 
composition. That is, When a once re-dissolved content 
matter is concentrated, solvent is suddenly eliminated, and 
by uniformly affixing the content matter before same 
becomes non-homogenous, the non-homogeniZation(phase 
separation) of the content matter is prevented, and the 
desired luminescent intensity and chromaticity initially tar 
geted can be achieved in the formed luminescent material 
layer. 

[0031] Further, the time from the start of heat treatment 
until the point in time When pressure reduction commences 
is established in accordance With the dispensing volume and 
material characteristics. 

[0032] As a dispensing apparatus, Which uses a composi 
tion of the present invention in an ink jet method, and Which 
is used in the production of the above-mentioned ?lm 
(functional ?lm), an ink jet printing apparatus, and a dis 
penser can be cited, the ink jet printing apparatus being 
preferable. 

[0033] Further, if a composition of the present invention is 
used, an outstanding functional device, such as an organic 
EL device, Which is particularly useful in luminescent 
display applications, can be achieved. Speci?cally, a display 
device comprising a luminescent material layer (emitting 
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material layer) formed betWeen a ?rst and second electrode 
using the above-mentioned composition of the present 
invention (preferably, a hole injection/transport layer Will 
also be established betWeen the above-mentioned ?rst elec 
trode and the above-mentioned luminescent material layer) 
is achieved. 

[0034] Here, hole injection/transport layer refers to a layer 
having a function for injecting an electron hole or other hole 
inside, and, in addition, having a function for transporting an 
electron hole or other hole on the inside. Providing this kind 
of hole injection/transport layer is desirable for improving 
the luminous efficiency, life and other device characteristics 
of an organic EL device in particular. 

[0035] Furthermore, as a functional device, in addition to 
a thin, lightWeight, loW poWer consumption, high angle of 
visibility multicolor display device, Which uses an organic 
luminescent material, for example, an organic EL device, 
there can be cited a display, Which has a plurality of pixels, 
and in Which a thin ?lm transistor or other sWitching device 
is provided for each pixel. 

[0036] In manufacturing a display device as this outstand 
ing functional device, manufacture is carried out by selec 
tively supplying the above-mentioned composition of the 
present invention onto a substrate having a ?rst electrode, 
and preferably, forming a luminescent material layer pattern 
by either heating, reducing pressure, or pressuriZing, or by 
combining these With heating, and next, forming a second 
electrode on this luminescent material layer pattern (Pref 
erably, after forming via an ink jet method using a solution 
comprising a polar solvent a hole injection/transport layer on 
the above-mentioned substrate, Which has a ?rst electrode, 
more preferably, the above-mentioned luminescent material 
layer pattern is formed on this hole injection/transport layer 
using a solution, Which utiliZes a non-polar solvent). In this 
manner, it is possible to achieve an outstanding organic EL 
device. 

[0037] It is preferable that the luminescent material layer 
as functional ?lm, Which utiliZes a composition of the 
present invention in the above-mentioned functional device, 
be formed in accordance With the manufacturing method of 
the above-mentioned ?lm (functional ?lm). 

[0038] Further, as the solution (composition) comprising a 
polar solvent, Which is utiliZed When forming a hole injec 
tion/transport layer, there can be cited polythiophene deriva 
tives, such as polyethylene dioxythiophene, and solutions, 
Which mix constituents, such as polystyrene sulfonic acid, 
into polar solvents, such as ot-butyrolactone, N-methylpy 
rolidone, 1,3-dimethyl-2-imidaZolidinone and derivatives 
thereof, carbitol acetate, butyl carbitol acetate and other 
glycol ethers. Using a polar solvent such as this is desirable 
for enabling stable dispensing Without noZZle clog, and for 
excellent ?lm formability. 

[0039] HereinbeloW, compositions of the present inven 
tion Will be explained in detail based on the preferred 
embodiments therefor. 

FIRST EMBODIMENT 

[0040] A?rst embodiment of a composition of the present 
invention is a composition, Which is utiliZed in functional 
material pattern ?lm formation using a dispensing apparatus, 
and is a composition comprising a functional material and a 
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solvent comprising at least one benZene derivative, Which 
has 1 or more substituents, and these substituents have 3 or 
more carbon atoms in total. 

[0041] According to this embodiment, the effects are that 
a non-polar or Weakly polar functional material can be 
readily dissolved, and functional material selectivity can be 
broadened, and, in addition, especially in a case in Which a 
solvent With a relatively loW vapor pressure is used, from the 
standpoint of delayed drying capabilities, clogging is pre 
vented at solvent dispensing time, and stable dispensing is 
made possible, and it is possible to achieve the prevention of 
content matter precipitation and phase separation during 
post-dispensing ?lm formation in accordance With either 
subsequent heating, or by combining heating With a treat 
ment, such as pressuriZing, or heating folloWed immediately 
by reducing pressure. 

[0042] As a solvent, Which is compatible With the ?rst 
embodiment, and Which comprises at least one benZene 
derivative having 1 or more substituents, With these sub 
stituents having 3 or more carbon atoms in total, there can 
be considered either single solvents, such as cumene, 
cymene, cyclohexylbenZene, dodecylbenZene, diethylben 
Zene, pentylbenZene, dipentylbenZene, butylbenZene, tetra 
lin, and tetramethylbenZene, or mixtures of these solvents. 
Or xylene, toluene, benZene and the like can be added to 
these single solvents, or mixed solvents as required by 
circumstances. By utiliZing single solvents or mixed sol 
vents like those given as examples here, a composition in 
Which there is dissolved a non-polar or a Weakly polar 
functional material becomes a possibility. That is, material 
selectivity broadens. Further, utiliZing a single solvent or a 
mixed solvent like this enables the prevention of clogging. 

[0043] It is preferable that the boiling point of the benZene 
derivative utiliZed in a composition of the ?rst embodiment 
by 200° C. or higher. Solvents such as this include dode 
cylbenZene, cyclohexylbenZene, tetralin, dipentylbenZene, 
and pentylbenZene. UtiliZing these solvents is even more 
favorable as it enables the further prevention of solvent 
volatiliZation. 

[0044] It is preferable that dodecylbenZene be the benZene 
derivative utiliZed in a composition of the ?rst embodiment. 
As a dodecylbenZene, a single n-dodecylbenZene is ?ne, and 
a mixture of isomers is also ?ne. 

[0045] This solvent has characteristics such as a boiling 
point of over 300° C., and viscosity of 6 mPa-s or more (20° 
C.), and this solvent alone is of course ?ne, but adding it to 
another solvent is good for preventing a composition from 
drying. Further, of the solvents mentioned above, since the 
viscosity of those other than dodecylbenZene is relatively 
small, dodecylbenZene is extremely good because adding 
this solvent to the others enables viscosity adjustment. 

[0046] As a functional material, Which is compatible With 
the ?rst embodiment, an organic EL material can be con 
sidered. In particular, it is desirable that the organic EL 
material comprise a material that is either non-polar, or 
Weakly polar. For example, an EL material comprising a 
derivative of a (poly)paraphenylene vinylene system, 
polyphenylene system, poly?uorene system, or polyvinyl 
carbaZole system, a loW molecular Weight organic EL mate 
rial capable of being dissolved in another benZene deriva 
tive, and a high molecular Weight EL material can be 
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considered. For example, it Will also be possible to use 
rubrene, perylene, 9,10-diphenyl anthracene, tetraphenyl 
butadiene, nile red, coumarin6, quinacridone, and a poly 
thiophene derivative. Further, these materials can also be 
used for electron transportable and hole transportable mate 
rials, Which are peripheral materials of an organic EL 
display. 
[0047] Further, as a functional material compatible With 
the ?rst embodiment, in addition to the above-mentioned 
organic EL material, polysilaZane (made by Tonen, for 
example), Which is the silicon glass precursor substance of 
an interlayer insulation layer that has numerous uses in a 
semiconductor, and an organic silicon-on-glass (SOG) mate 
rial can also be considered. 

[0048] Furthermore, it is also desirable that the functional 
material for forming a composition of the ?rst embodiment 
be a material for a color ?lter. As this color ?lter material, 
various kinds of sublimation dyes can be selected, such as, 
for example, sumika red B (brand name of a dye manufac 
tured by Sumitomo Chemical Co., Ltd.), kayaron fast yel 
loW-GL (brand name of dye manufactured by Nihon Kayaku 
Co., Ltd.), and daiaserin fast brilliant blue-B (brand name of 
dye manufactured by Mitsubishi Kasei Corporation). 

[0049] And furthermore, organic metal compounds can 
also be used as functional materials. Or, if it is a material that 
Will dissolve in the above-mentioned solvents, then any kind 
of functional material can be used as a composition. 

[0050] By using a composition of the ?rst embodiment, it 
is possible to prepare a functional ?lm, such as a functional 
material patterned ?lm, using a dispensing apparatus. The 
preparation method for this functional ?lm can be performed 
in accordance With the above-mentioned ?lm manufacturing 
method. That is, a functional ?lm can be obtained by 
supplying via dispensing and distributing a composition of 
the ?rst embodiment on a substrate, and thereafter, subject 
ing this substrate to heat treatment preferably at 40° C.-200° 
C. In the ?rst embodiment in particular, setting this heat 
treatment temperature to 50° C.-200° C. is even more 
preferable for enabling the realiZation of a more uniform, 
homogenous functional ?lm. Further, in the ?rst embodi 
ment, it is desirable to apply heat While applying pressure 
during high temperature treatment. By so doing, it is pos 
sible to delay the volatiliZation of the solvent at heating, 
making the re-dissolving of the content matter even more 
complete. As a result thereof, it is possible to obtain a more 
uniform, homogenous functional ?lm. From the standpoint 
of producing an even more uniform, homogenous functional 
?lm, preferably the pressure applied is 1520-7600 mmHg 
(2-100 atmospheres). 
[0051] Further, in the heat treatment of a composition of 
the ?rst embodiment, it is desirable to remove the solvent by 
reducing pressure as mentioned above prior to the compo 
sition becoming completely dry. 
[0052] As a dispensing apparatus capable of using a 
composition of the ?rst embodiment, an ink jet printing 
apparatus, dispenser or the like can be utiliZed, but an ink jet 
printing apparatus is desirable due to the ?neness and 
precision thereof, and by utiliZing this ink jet printing 
apparatus, it is possible to manufacture a micro functional 
?lm easily and at loW cost. 

[0053] By using a composition of the ?rst embodiment, it 
is possible to obtain, in a preferable manner, an organic EL 
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device or other such display device, Which is useful as the 
above-mentioned functional device (preferably, a display 
device having a hole injection/transport layer provided 
between the above-mentioned ?rst electrode and above 
mentioned luminescent material layer.). 

SECOND EMBODIMENT 

[0054] A second embodiment of a composition of the 
present invention is a composition containing a solvent 
comprising at least dodecylbenZene, and a poly?uorene 
derivative of at least 1 of the compounds 1 through 5 
hereinbeloW. That is, the second embodiment is a compo 
sition, Which utiliZes a solvent, Which is compatible With the 
second embodiment in a composition of the present inven 
tion, and Which comprises at least dodecylbenZene as a 
solvent comprising a benZene derivative having 1 or more 

COMPOUND 1 

CsH17 CsH17 

CsH17 CsH17 N 
_ Tl 

OR OR 

0 O 

N O O N 
O O 

CsH17 CsH17 
OR OR 

substituents, and these substituents have 3 or more carbon 
atoms in total, and Which utiliZes a poly?uorene derivative 
of at least 1 of the compounds 1 through 5 as a functional 
material that is compatible With the second embodiment. 

[0055] This embodiment is a more preferred aspect than 
the ?rst embodiment explained hereinabove, and from the 
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standpoint of using the loW vapor pressure solvent dodecyl 
benZene, and having delayed drying capabilities, can prevent 
clogging at solvent dispensing, and can ensure stable dis 
pensing, and in particular, preferably has the effect of 
making it possible to achieve a uniform ?lm Without phase 
separation by either applying heat and pressure, or reducing 
pressure immediately after heating, Which Will be explained 
hereinbeloW. 

[0056] Because this embodiment, as mentioned herein 
above, is a more preferred version of the ?rst embodiment, 
With regard to points that are not explained in particular 
detail in the description for the second embodiment, the 
detailed description regarding the above-mentioned ?rst 
embodiment Will be applied as the occasion demands. 

COMPOUND 2 

CsH17 CsH17 

COMPOUND 3 

_ N 4@ N 

CsH17 CsH17 é) 
_ Tl 

COMPOUND 4 

COMPOUND 5 

n 

[0057] The second embodiment Will be explained in 
detail. A composition of this embodiment, by using dode 
cylbenZene as the solvent thereof, makes it possible to 
prevent excessive drying When dispensing from an ink jet 
head, and in particular, enables the prevention of clogging in 
an ink jet head because the delayed drying effect of this 
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dodecylbenZene is manifested in a case in Which this com 
position is utilized as an ink composition When forming a 
pattern using an ink jet method. Further, even after dispens 
ing, the dispensed material remains in liquid form on the 
material targeted for dispensing, making possible post 
treatment, such as heating. Furthermore, the above-men 
tioned special structure poly?uorene derivatives (com 
pounds 1 through 5) are prepared as luminescent materials, 

have strong luminous intensity, and due to their being 
Weakly polar, have good solubility for dodecylbenZene, and 
according to combining this luminescent material With a 
solvent, are capable of good patterning as a component 
member of an organic EL display device in particular. 

[0058] In a composition of the second embodiment, a 
variety of second solvents capable of dissolving a lumines 
cent material in dodecylbenZene can be miXed With the 
composition and utiliZed as a solvent. Preferably, a solvent 
With a boiling point of 140° C. or higher is miXed in and 
utiliZed. As such a second solvent With a boiling point of 
140° C., cymene, tetralin, cumene, decalin, durene, cyclo 
heXylbenZene, diheXylbenZene, tetramethylbenZene, dibu 
tylbenZene and the like can be utiliZed. It is especially 
desirable to utiliZe a solvent having a compound, Which has 
substituents of 3 or more carbon atoms in a benZene ring. 
Further, it is preferable to utiliZe a solvent With a boiling 
point of 180° C. or higher, such as tetralin, 1,2,3,4-tetram 
ethylbenZene, 1,2,3,5-tetramethylbenZene, cycloheXylben 
Zene, decalin, and dibutylbenZene. By adding these solvents, 
it is possible to adjust the concentration and drying rate of 
an ink composition. It also has the effect of reducing the high 
viscosity of dodecylbenZene. Furthermore, a composition 
that utiliZes tetralin as a solvent having the above-mentioned 
180° C. or higher boiling point has the advantage of making 
it possible to increase the concentration thereof. In addition, 
toluene, Xylene, chloroform, and carbon tetrachloride can be 
utiliZed as a solvent. 

[0059] As a luminescent material that serves as a func 
tional material in conformance to the second embodiment, in 
addition to the above-mentioned speci?c poly?uorene 
derivative, a (poly)paraphenylene vinylene derivative, 
polyphenylene derivative, polyvinyl carbaZole derivative, 
polythiophene derivative, perylene system pigment, cou 
marin system pigment, rhodamine system pigment, and 
non-polar or Weakly polar materials are suitable, but in 
addition, a loW molecular Weight organic EL material and a 
polymer organic EL material, Which are capable of dissolv 
ing in a benZene derivative, can also be used. For eXample, 
it Will also be possible to use rubrene, perylene, 9,10 
diphenyl anthracene, tetraphenyl butadiene, nile red, cou 
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marin6, quinacridone, and the like. Further, it is also pos 
sible to make appropriate use of a hole transport material and 
an electron transport material, Which constitute an organic 
EL display device. 

[0060] Further, as the above-mentioned luminescent mate 
rial, a compound (6) having the beloW structure can also be 
added. 

COMPOUND 6 
OR OR 

00 O 
O N 

O 

OR OR 

[0061] By using a composition of the second embodiment, 
ideally it is possible to obtain an organic EL device or other 
such display device, Which is useful as the above-mentioned 
functional device (preferably, a display device comprised by 
providing a hole injection/transport layer betWeen the 
above-mentioned ?rst electrode and above-mentioned lumi 
nescent material layer.) just like With the above-mentioned 
?rst embodiment. 

[0062] When preparing the above-mentioned luminescent 
material layer using a composition of the second embodi 
ment, for example, this composition is dispensed and dis 
tributed on a substrate by a dispensing apparatus as 
described hereinabove, and thereafter, the substrate is sub 
jected to heat treatment at a temperature that is higher than 
the temperature at dispensing (preferably, betWeen 40° 
200°). The heat treatment process is better the higher the 
temperature at Which it is performed, but in a case in Which 
a loW boiling point solvent is utiliZed, there is the danger that 
drying Will be completed immediately folloWing dispensing 
and the advantages of this process Will not be fully realiZed. 
According to this example, because dodecylbenZene, a high 
boiling point solvent, is utiliZed, the content matter of a 
dispensed composition is re-dissolved by the heat treatment, 
making the above-mentioned effect of greater uniformity 
superb. 

[0063] It is preferable that the above-mentioned heat treat 
ment of the composition be carried out at the same tem 
perature as in the case of the above-mentioned ?rst embodi 
ment. Further, it is desirable that the above-mentioned heat 
treatment of the composition be carried out under applied 
pressure the same as the above-mentioned ?rst embodiment, 
and furthermore, it is desirable that in the above-mentioned 
heat treatment of the composition the solvent be removed by 
reducing pressure prior to the composition drying com 
pletely. 

THIRD EMBODIMENT 

[0064] Athird embodiment of a composition of the present 
invention is a composition consisting of a functional mate 
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rial and a solvent comprising at least 1 benzene derivative, 
Which has 1 or more substituents, and these substituents 
have 3 or more carbon atoms in total, and Which has a vapor 
pressure (at room temperature; the same hereinbeloW) of 
betWeen 0.10 and 10 mmHg. That is, the third embodiment 
is a composition, Which utilizes a solvent, Which is compat 
ible With the third embodiment in a composition of the 
present invention, and Which comprises at least one benZene 
derivative With a vapor pressure of betWeen 0.10 and 10 
mmHg as a solvent comprising at least one benZene deriva 
tive having 1 or more substituents, With these substituents 
having 3 or more carbon atoms in total. 

[0065] According to this embodiment, the effects are 
obtained that a non-polar or Weakly polar functional material 
can be readily dissolved, and, in addition, clogging is 
prevented at solvent dispensing time, and stable dispensing 
is made possible, and it is possible to achieve the prevention 
of content matter precipitation at dispensing and phase 
separation during post-dispensing ?lm formation. In particu 
lar, if using a solvent of a vapor pressure of the above 
mentioned scope, there are achieved characteristics Whereby 
drying is dif?cult to a certain degree, thus achieving a 
balance such that the material dries rapidly enough so that 
phase separation does not occur, and a ?lm is formed 
Without phase separation via natural drying at room tem 
perature. 

[0066] As a solvent, Which is utiliZed in a composition of 
the third embodiment, and Which comprises at least 1 
benZene derivative of the above-mentioned vapor pressure 
of betWeen 0.10 and 1 mmHg, there can be cited 1,2,3,4 
tetramethylbenZene, 1,2,3,5-tetramethylbenZene, cyclo 
hexylbenZene, pentylbenZene, mesitylene, cumene, cymene, 
diethylbenZene, tetralin, and decalin, and of these, 1,2,3,4 
tetramethylbenZene is especially preferable. 

[0067] Further, as the above-mentioned benZene deriva 
tive, a mixture of at least 1 benZene derivative of a 0.10-0.50 
mmHg vapor pressure, and at least 1 benZene derivative of 
a 0.50-10 mmHg vapor pressure is also preferable. 

[0068] Here, as the above-mentioned benZene derivative 
of a 0.10-0.50 mmHg vapor pressure, either tetramethylben 
Zene or cyclohexylbenZene is preferable. 

[0069] Further, as the above-mentioned benZene deriva 
tive of a 0.50-10 mmHg vapor pressure, diethylbenZene 
and/or mesitylene is preferable. 

[0070] There are no particular limitations as to a func 
tional material, Which is compatible With a composition of 
the third embodiment, and, for example, the above-men 
tioned organic EL material, and silicon glass precursor 
material can be applied to this embodiment, and, in particu 
lar, at least 1 poly?uorene derivative, especially the above 
mentioned compounds 1-5, Which are utiliZed in a compo 
sition of the second embodiment described hereinabove, is 
ideal. Therefore, as a functional material utiliZed in this 
embodiment, a luminescent material that serves as a func 
tional material, Which Was described in the above-mentioned 
second embodiment, is applied according to circumstances. 

[0071] Further, a composition of the third embodiment can 
achieve a speci?c outstanding device by removing residual 
solvent after ?lm formation via either heating, or a combi 
nation of heating and pressure reduction. It is preferable that 
the heating temperature at this time be 40° C.-200° C., and 
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more preferably 50° C.-100° C. Further, it is desirable that 
the pressure at reduced pressure be 20x10‘3 mmHg or less. 
Further, after dispensing (after dispensing ink to the entire 
surface of a substrate), a ?lm can be formed under either 
heating or a combination of heating and reduced pressure, 
even if droplets remain. 

[0072] By using a composition of the third embodiment, 
the same as in the above-mentioned ?rst and second embodi 
ments, ideally it is possible to obtain an organic EL device 
or other such display device, Which is useful as the above 
mentioned functional device (preferably, a display device 
comprised by providing a hole injection/transport layer 
betWeen the above-mentioned ?rst electrode and above 
mentioned luminescent material layer.) 

[0073] The present invention Will be explained more con 
cretely hereinbeloW by referring to the examples. HoWever, 
the present invention is in no Way limited to these examples. 

EXAMPLES OF FIRST EMBODIMENT 

Example 1-1 

[0074] Atetrahydrofuran solution of a polyvinyl carbaZole 
Was applied to the electrode side of a glass substrate 
equipped With a transparent indium-tin-oxide (ITO) elec 
trode, and a 0.1 micrometer polyvinyl carbaZole ?lm Was 
formed via a spin coating method. On this ?lm, a 0.1 
percentage by Weight xylene/tetralin mixed solution of poly 
hexyloxyphenylene vinylene (xylene/teralin=% percentage 
by volume) Was dispensed in a prescribed shape using an ink 
jet printing apparatus. Furthermore, aluminum Was depos 
ited on top thereof. 

[0075] Lead Wires Were derived from the ITO and alumi 
num, and With the ITO as the positive electrode and the 
aluminum as the negative electrode, an orange light Was 
emitted in a prescribed shape upon the application of a 
voltage of 10 volts. In a case in Which conventional ink, 
Which used only xylene as a solvent, Was dispensed, drying 
Was rapid, clogging occurred, and the ink jet printing 
apparatus soon became unusable, Whereas according to this 
method, clogging ceased to occur. 

Example 1-2 

[0076] A polysilaZane solution of 20 Weight percent of 
xylene (manufactured by the Tonen Chemical Corporation) 
Was mixed together With a mixed solution of cymene and 
tetralin (cymene/tetralin=1/1) so as to constitute 20 percent 
by volume of a mixed solvent. The thus obtained polysila 
Zane solution Was dispensed via an ink jet printing apparatus 
so as to cover the entire surface of a plastic liquid crystal 
panel, and alloWed to dry. This same process Was performed 
on the opposite side, forming a polysilaZane ?lm on both 
sides of the panel. This panel Was placed in an 85° C., 90 
percent thermo-hygrostat for 20 minutes, forming a silica 
glass ?lm. After removing this panel, and alloWing it to dry, 
2 polariZing plates Were laminated from both sides so as to 
be orthogonal. 

[0077] In accordance With this method, much less polysi 
laZane Was used than With the spin coating method, making 
possible the formation of a silica-glass ?lm With practically 
no loss. Further, the gas permeability of the liquid crystal 
panel Was improved, and the life of the liquid crystal panel 
Was also improved. 
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Example 1-3 

[0078] A polysilaZane solution of 20 Weight percent of 
xylene (manufactured by the Tonen Chemical Corporation) 
Was mixed together With a mixed solution of cymene and 
tetralin (cymene/tetralin=1/1) so as to constitute 20 percent 
by volume of a mixed solvent. The thus obtained polysila 
Zane solution Was dispensed via an ink jet printing appara 
tus, and applied to the entire surface of a silicon substrate, 
Which had been furnished With semiconductor device for 
mations and aluminum Wiring. After application, the sub 
strate Was dried at 150° C. for 20 minutes, and thereafter, 
baked for 2 hours at 350° C. in a steam environment. 

[0079] As a result thereof, a planariZed ?lm Was obtained 
using silica glass of roughly the same properties as When a 
spin coating method is used. HoWever, 2 orders of magni 
tude less polysilaZane Was used. 

Example 1-4 

[0080] An aspect of this example of the present invention 
Will be explained in more detail. As shoWn in FIG. 1, the 
beloW-described dispensing compositions, in Which have 
been dissolved organic EL materials that emit the colors red, 
green and blue, are ejected and distributed by an ink jet 
printing apparatus so as to be arrayed in a mosaic of each 
color on transparent ITO (indium-tin-oxide) electrodes par 
titioned into a mosaic, and an electrode of a glass substrate 
equipped With banks surrounding the transparent electrodes. 
The ratio of the solid relative to the solvent in all cases is 
0.4% (Weight/volume). In FIG. 1, 1 indicates a noZZle, 2 
indicates a glass substrate, 3 indicates a transparent ITO 
electrode, 4 indicates a bank (partition), and 5 indicates a 
composition (ink droplet), respectively. 
[0081] Dispensing Composition 

[0082] Solvent: DodecylbenZene/tetralin (1/1, volume 
percentage) 

[0083] Red: Poly?uorene/perylene dye (98/2, percent 
age by Weight) 

0084 Green: Poly?uorene/coumarin dye 985/15, 
percentage by Weight) 

[0085] Blue: Poly?uorene 

[0086] The substrate obtained by ejecting the composition 
Was heated at 100° C. and the solvent Was removed, and 
thereafter, an appropriate metal mask Was placed on this 
substrate, and 2000 Angstroms of aluminum Was deposited 
thereon. 

[0087] Lead Wires Were derived from the ITO and alumi 
num, and With the ITO as the positive electrode and the 
aluminum as the negative electrode, red, green and blue 
colors Were emitted in a prescribed shape upon the appli 
cation of a voltage of 15 volts. In a case in Which conven 
tional ink, Which used only xylene as a solvent, Was dis 
pensed, drying Was rapid, clogging occurred, and the ink jet 
printing apparatus soon became unusable, Whereas accord 
ing to this method, clogging ceased to occur. Further, since 
the substrate Was heated after dispensing the ink composi 
tion and the content matter re-dissolved, the separation of 
the content matter Was prevented, and there Were no prob 
lems Whatsoever in the emission spectrum. A case in Which 
xylene or some other loW boiling point solvent Was utiliZed 
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Was not preferable because drying commenced immediately 
after dispensing, content matter precipitated and phase sepa 
ration occurred due to heat of vaporiZation, and changes 
occurred in the emission spectrum. 

[0088] If each of the above-mentioned ITO electrodes 
Were to be connected to a thin-?lm transistor (TFT) device, 
it Would be possible to produce via organic EL a display that 
is the same as a liquid crystal display currently in circula 
tion. 

Example 1-5 

[0089] After drying for 1 minute at 100° C. a substrate that 
had been subjected to ejecting the same as in Example 1-4, 
the solvent Was removed by immediately reducing the 
pressure (2 mmHg). UtiliZing the resulting substrate, a panel 
Was produced by the same method as Example 1-4, and upon 
being lighted, the same results as in Example 1-4 Were 
achieved. 

Example 1-6 

[0090] A substrate that had been subjected to dispensing 
the same as in Example 1-4 Was set in a bell jar, the bell jar 
Was ?lled With nitrogen gas and the internal pressure Was set 
a 2 atmospheres, the substrate Was dried at 100° C., and the 
solvent Was removed. UtiliZing the resulting substrate, a 
panel Was produced by the same method as Example 1-4, 
and upon being lighted, the same results as in Example 1-4 
Were achieved. 

EXAMPLES OF SECOND EMBODIMENT 

Example 2-1 

[0091] In this example, a color display device Will be 
manufactured. 

[0092] With regard to the processes in this example, these 
can be explained using FIG. 1 the same as the examples of 
the ?rst embodiment described hereinabove. That is, in the 
structure shoWn in FIG. 1, a transparent ITO electrode 3 is 
formed in a dot-shaped pattern, each dot is directly con 
nected to an independent TFT device (not shoWn in the 
?gure), forms a pixel, and can be driven. Abank 4 is formed 
at the boundary portion of each pixel (dot of the transparent 
ITO electrode 3) so as to partition each pixel, a composition 
(ink composition) 5 ejected from a noZZle is supplied and 
adheres to the top of the transparent ITO electrode parti 
tioned by banks 4. By using luminescent materials of three 
colors in the compositions, a multicolored luminescent 
display can be produced. 

[0093] First, as compositions (ink compositions) three 
compositions Were prepared by mixing luminescent mate 
rials With solvents in the prescriptions shoWn in Table 1 
hereinbeloW. The luminescent materials are selected from 
among compounds 1 through 5, Which are characteriZed by 
the present invention described hereinabove, and further 
more, compound 6 is utiliZed as needed. 

[0094] Next, using an ink jet apparatus, these composi 
tions Were ejected onto a substrate (TFT substrate), Which 
had banks 4 consisting of a polyimide, and for Which a TFT 
Was provided for each pixel. The siZe of an area subjected to 
ejecting (area partitioned by banks 4) Was 30 pm><30 pm, the 
pitch Was 70 pm, and the pitch of the ejecting of the 
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compositions (ink compositions) Was set at 70 pm. Dispens 
ing Was satisfactorily performed Without any clogging 
occurring in the ink jet heads, making it possible to obtain 
a substrate on Which three inks Were arranged in a mosaic 
shape. 

TABLE 1 

Luminescent 
Materials Solvents 

R (Red) ink Compound 1 0.70 g Dodecylbenzene 
Compound 2 0.2 g 100 ml 
Compound 6 0.1 g Tetralin 100 ml 

G (Green) ink Compound 1 0.76 g Dodecylbenzene 
Compound 2 0.2 g 100 ml 
Compound 4 0.04 g Tetralin 100 ml 

B(Blue) ink Compound 1 0.78 g Dodecylbenzene 
Compound 2 0.15 g 100 ml 
Compound 3 0.07 g Tetralin 100 ml 

[0095] A luminescent layer Was achieved by subjecting 
this substrate to heat treatment on a hot plate at 100° C. in 
a nitrogen environment. The ?lm thickness of the produced 
luminescent layer or emitting layer Was 0.08-01 pm. In 
addition, lithium ?uoride (100 nm), calcium (100 nm) and 
aluminum (150 nm) Were deposited in that order on the 
luminescent layer, the resulting laminate structure Was 
sealed in epoxy resin, and an organic EL display device Was 
achieved. 

[0096] Upon driving the TFT device provided on each 
transparent ITO electrode (dot) at 10 volts, it Was possible to 
display a desired color in a pixel (a color equivalent to the 
luminescent layer provided on this pixel). Further, motion 
pictures could also be displayed. In particular, in a pixel in 
Which G ink had been ejected, the peak ratio of 440 nm and 
530 nm of the luminous Wavelength spectrum (440 nm/530 
nm) measured 1.0, and visually the green Was displayed 
Well. 

Example 2-2 

[0097] Three compositions (ink compositions) Were pre 
pared by mixing luminescent materials With solvents in the 
compositions shoWn in Table 2 hereinbeloW and, in the same 
Way as Example 2-1, using an ink jet apparatus, these 
compositions Were ejected onto a substrate (TFT substrate) 
having banks 4 consisting of polyimide as shoWn in FIG. 1. 
The siZe of an area subjected to ejecting (area partitioned by 
banks 4) Was 30 pm><30 pm, the pitch Was 70 pm, and the 
pitch of the ejecting of the compositions (ink compositions) 
Was set at 70 pm. Dispensing Was satisfactorily performed 
Without any clogging occurring in the ink jet heads, making 
it possible to obtain a substrate on Which three inks Were 
arranged in a mosaic shape. 

TABLE 2 

Luminescent 
Materials Solvents 

R (Red) ink Compound 1 0.70 g Dodecylbenzene 
Compound 2 0.2 g 100 ml 
Compound 5 0.1 g Tetralin 100 ml 

G (Green) ink Compound 1 0.76 g Dodecylbenzene 
Compound 2 0.2 g 100 ml 
Compound 4 0.04 g Tetralin 100 ml 
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TABLE 2-continued 

Luminescent 
Materials Solvents 

B(Blue) ink Compound 1 0.78 g Dodecylbenzene 
Compound 2 0.15 g 100 ml 
Compound 3 0.07 g Tetralin 100 ml 

[0098] A luminescent layer Was achieved by subjecting 
this substrate to heat treatment on a hot plate at 100° C. in 
a nitrogen environment. The ?lm thickness of the produced 
luminescent layer Was 0.08-01 pm. In addition, lithium 
?uoride (100 nm), calcium (100 nm) and aluminum (150 
nm) Were deposited in that order on the luminescent layer, 
the resulting laminate structure Was sealed in epoxy resin, 
and an organic EL display device Was achieved. 

[0099] Upon driving the TFT devices provided on each 
transparent ITO electrode (dot) at 10 volts, it Was possible to 
display a desired color in a pixel (a color equivalent to the 
luminescent layer provided on this pixel). Further, motion 
pictures could also be displayed. In particular, in a pixel in 
Which G ink had been ejected, the peak ratio of 440 nm and 
530 nm of the luminous Wavelength spectrum (440 nm/530 
nm) measured 1.0, and the green Was displayed Well visu 
ally. 

Example 2-3 

[0100] The same as in Example 2-1, ?rst three composi 
tions (ink compositions) of the compositions shoWn in Table 
1 above Were prepared, and using an ink jet apparatus, these 
inks Were ejected onto a TFT substrate having banks 4 
consisting of polyimide as shoWn in FIG. 1. Dispensing Was 
satisfactorily performed Without any clogging occurring in 
the ink jet heads. 

[0101] A luminescent layer Was achieved by subjecting 
this substrate to heat treatment on a hot plate for 1 minute at 
100° C. in a nitrogen environment, immediately reducing 
pressure (1 mmHg mercury column), and removing the 
solvent. The ?lm thickness of the resulting luminescent layer 
Was 0.08-01 pm. In addition, lithium ?uoride (100 nm), 
calcium (100 nm) and aluminum (150 nm) Were deposited in 
that order on the luminescent layer. The resulting laminate 
structure Was sealed in epoxy resin, and an organic EL 
display device Was achieved. 

[0102] Upon driving the TFT devices provided on each 
transparent ITO electrode (dot) at 10 volts, it Was possible to 
display a desired color in a pixel (a color equivalent to the 
luminescent layer provided on this pixel). Further, motion 
pictures could also be displayed. In particular, in a pixel in 
Which G ink had been ejected, the peak ratio of 440 nm and 
530 nm of the luminous Wavelength spectrum (440 nm/530 
nm) measured 1.8, and the green color display Was even 
better. 

Example 2-4 
[0103] The same as in Example 1, ?rst three compositions 
(ink compositions) of the compositions shoWn in Table 1 
above Were prepared, and using an ink jet apparatus, these 
inks Were ejected onto a TFT substrate having banks 4 
consisting of polyimide as shoWn in FIG. 1. Dispensing Was 
satisfactorily performed Without any clogging occurring in 
the ink jet heads. 
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[0104] A luminescent layer Was achieved by subjecting 
this substrate to heat treatment on a hot plate for 1 minute at 
150° C. in a 2-atmosphere nitrogen environment, immedi 
ately reducing pressure (1 mmHg mercury column), and 
removing the solvent. The ?lm thickness of the resulting 
luminescent layer Was 0.08-0.1 pm. In addition, lithium 
?uoride (100 nm), calcium (100 nm) and aluminum (150 
nm) Were deposited in that order on the luminescent layer. 
The resulting laminate structure Was sealed in epoxy resin, 
and an organic EL display device Was achieved. 

[0105] Upon driving the TFT devices provided on each 
transparent ITO electrode (dot) at 10 volts, it Was possible to 
display a desired color in a pixel (a color equivalent to the 
luminescent layer provided on this pixel). Further, motion 
pictures could also be displayed. In particular, in a pixel in 
Which G ink had been ejected, the peak ratio of 440 nm and 
530 nm of the luminous Wavelength spectrum (440 nm/530 
nm) measured 2.0, and green Was displayed even better. 

Example 2-5 

[0106] Three compositions (ink compositions) Were pre 
pared by mixing 100 ml of cyclohexylbenZene in place of 
tetralin in the compositions shoWn in Table 2-2 above, With 
the other luminescent materials being the same, and mixing 
these luminescent materials With a solvent, and the same as 
in Example 2-1, using an ink jet apparatus, and ejecting 
these inks onto a TFT substrate having banks 4 consisting of 
polyimide as shoWn in FIG. 1. Ejecting Was performed at a 
pitch of 70 pm and a substrate on Which three inks Were 
arranged in a mosaic shape Was obtained. 

[0107] This substrate Was subjected to heat treatment on a 
hot plate at 130° C. in a nitrogen environment. The ?lm 
thickness of the resulting luminescent layer Was 0.08-0.1 
pm. In addition, lithium ?uoride (100 nm), calcium (100 nm) 
and aluminum (150 nm) Were deposited in that order on the 
luminescent layer. 

[0108] Upon driving the TFT devices provided on each 
transparent ITO electrode (dot) at 10 volts, it Was possible to 
display a desired color in a pixel (a color equivalent to the 
luminescent layer provided on this pixel). Further, motion 
pictures could also be displayed. 

Example 2-6 

[0109] Three compositions (ink compositions) Were pre 
pared using the same compositions as in Example 2-5, and 

II 
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the same as in this example, these inks Were ejected using an 
ink jet apparatus onto a TFT substrate having banks 4 
consisting of polyimide as shoWn in FIG. 1. 

[0110] Immediately after subjecting this substrate to heat 
treatment on a hot plate for 1 minute at 180° C. in a 

2-atmosphere nitrogen environment, pressure Was reduced 
(1 mmHg), the solvent Was removed, and a luminescent 
material layer Was achieved. The ?lm thickness of the 
resulting luminescent layer Was 0.08-0.1 pm. In addition, 
lithium ?uoride (100 nm), calcium (100 nm) and aluminum 
(150 nm) Were deposited in that order on the luminescent 
layer. The resulting laminate structure Was sealed in epoxy 
resin, and an organic EL display device Was achieved. 

[0111] Upon driving the TFT devices provided on each 
transparent ITO electrode (dot) at 10 volts, it Was possible to 
display a desired color in a pixel (a color equivalent to the 
luminescent layer provided on this pixel). Further, motion 
pictures could also be displayed. 

Comparative Example 2-1 

[0112] A composition (R (Red) ink composition) Was 
prepared by mixing luminescent materials With a solvent 
using the composition shoWn in Table 3 hereinbeloW, and the 
same as in Example 2-1, an attempt Was made to eject this 
ink using an ink jet apparatus onto a substrate (TFT sub 
strate) having banks 4 consisting of polyimide as shoWn in 
FIG. 1. HoWever, clogging occurred in the ink jet heads, 
making it impossible to form a luminescent layer on the 
substrate. 

TABLE 3 

Luminescent 
Materials Solvents 

R (Red) ink Compound 7 0.98 g Xylene 200 ml 
Compound 8 0.02 g 

[0113] Furthermore, compounds 7 & 8, Which Were the 
luminescent materials used in this example, are compounds 
having the beloW structures. 

COMPOUND 7 

COMPOUND 8 



US 2005/0156148 A1 Jul. 21, 2005 

EXAMPLES OF THIRD EMBODIMENT [0115] 

Example 3-1 TABLE 5 

~ ~ ~ ~ ' Composition 2 

[0114] First, as compositions, compositions 1-6 (three R 
(red), G (green) and B (blue) for each composition) Were Polymer Compounds (1% WW) Solvent 
prepared by mixing polymer compounds as functional mate- R (Red) compound 1 compound 2 compound 5 Mesitylene 

rials (luminescent materials) With solvents using the pre- G G CO7 g d 1 C01 g d 2 C01 g d 4 1130 F111 
. . . . t 

scriptions shown in Tables 4-9 here1nbeloW. As the polymer ( Teen) 0221120“ 035120“ ogrfgoun 10281316“ 
compounds, compounds Were selected from compound B (Blue) Compound 1 Compound 2 Compound 3 Mesitylene 
1-compound 5, Which are functional materials that are 0'78 g 0'15 g 0'07 g 100 m1 

particularly compatible With the third embodiment, and 
used. [0116] 

TABLE 4 TABLE 6 

(Composition 1) Mp?l 

Polymer Compounds (1% Wt/v) Solvent 
Polymer Compounds (1% Wt/v) Solvent 

R (Red) Compound 1 Compound 2 Compound 5 1,2,3,4 
0.7 g 0.2 g 0.1 g tetramethylbenzene R (Red) Compound 1 Compound 2 Compound 5 Xylene 100 m1 

O-7 g O-Z g O-1 g 100 m1 G Compound 1 Compound 2 Compound 4 1,2,3,4 
G (Green) Compound 1 Compound 2 Compound 4 Xylene (Green) 0-76 g 0-20 g 0-04 g tetramethylbenzene 

0.76 g 0.20 g 0.04 g 100 ml 100 “11 
B Compound 1 Compound 2 Compound 3 1,2,3,4 

B (Blue) Compound 1 Compound 2 Compound 3 Xylene (Blue) 078 g 015 g 007 g tetramethylbenzene 
0.78 g 0.15 g 0.07 g 100 ml 100 ml 

[0117] 

TABLE 7 

Composition 4 

Polymer Compounds (1% Wt/v) Solvent 

R (Red) Compound 1 Compound 2 Compound 5 Diethylbenzene 1,2,3,4 
0.7 g 0.2 g 0.1 g 30 ml tetramethylbenzene 

70 ml 
G Compound 1 Compound 2 Compound 4 Diethylbenzene 1,2,3,4 
(Green) 0.76 g 0.20 g 0.04 g 30 ml tetramethylbenzene 

70 ml 
B (Blue) Compound 1 Compound 2 Compound 3 Diethylbenzene 1,2,3,4 

0.78 g 0.15 g 0.07 g 30 ml tetramethylbenzene 
70 ml 

[0118] 

TABLE 8 

(Composition 5) 

Polymer Compounds (1% Wt/v) Solvent 

R (Red) Compound 1 Compound 2 Compound 5 Mesitylene Cyclohexylbenzene 

0.7 g 0.2 g 0.1 g 80 ml 20 ml 

G Compound 1 Compound 2 Compound 4 Mesitylene Cyclohexylbenzene 

(Green) 0.76 g 0.20 g 0.04 g 80 ml 20 ml 

B (Blue) Compound 1 Compound 2 Compound 3 Mesitylene Cyclohexylbenzene 

0.78 g 0.15 g 0.07 g 80 ml 20 ml 
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[0119] 

TABLE 9 

Composition 6 

Polymer Compounds (1% Wt/v) Solvent 

R (Red) Compound 1 Compound 2 Compound 5 Dodecylbenzene 1,2,3,4— 
0.7 g 0.2 g 0.1 g 30 ml tetramethylbenzene 

70 ml 
G Compound 1 Compound2 Compound4 Dodecylbenzene 1,2,3,4— 
(Green) 0.76 g 0.20 g 0.04 g 30 ml tetramethylbenzene 

70 ml 
B (Blue) Compound 1 Compound 2 Compound 3 Dodecylbenzene 1,2,3,4— 

0.78 g 0.15 g 0.07 g 30 ml tetramethylbenzene 
70 ml 

[0120] Furthermore, the vapor pressure (room tempera 
ture) of the solvents utilized in compositions 1-6 are as TABLE 10 
shoWn beloW. 

Properties 
[0121] Xylene: 13.80 Solution of Phase 

Composition Stability ejecting Separation 
[0122] Mesitylene: 1.73 _ 

Comparative 1 (R,G,B) Q X — 

[0123] 1,2,3,4-tetramethylbenZene: 0.23 Product 
Present 2 (R,G,B) Q Q Q 

[0124] DiethylbenZene: 0.70 Invention 3 (R53) 0 ® 0 
Product 4 (R,G,B) 0 ® 0 

[0125] CyclohexylbenZene: 0.193 5 (R53) 0 ® 0 
6 (R,G,B) 0 @ X 

[0126] Dodecylbenzene: 0.0000125 

[0127] Assessments of solution stability, properties of 
ejecting, and phase separation, respectively, for the above 
mentioned compositions Were carried out in accordance With 
the assessment criteria hereinbeloW. The results of these 
assessments are shoWn in Table 10. 

[0128] Solution stability: Assessed by determining 
Whether or not precipitation Was evident (Whether or not 
there Was a change in turbidity) When a composition Was left 
standing at room temperature for more than tWo days from 
time of preparation. Furthermore, turbidity changes Were 
evident at 650 nm for G, B compositions, and turbidity 
changes Were evident at 700 nm for R compositions. 

[0129] 0: No turbidity change (Transparent solution) 

[0130] X: Change in turbidity (Precipitation occurred) 

[0131] Properties of ejecting: The ?ights of composition 
(ink) droplets from a piezoelectric drive ink jet head (Epson 
MJ-930C) Were observed. 

[0132] (9: Extremely good 

[0133] 0: Good (Slight curvature of ?ight, but pattern 
ing can be performed) 

[0134] X: Flight curves and noZZle clogging occurs 

[0135] Phase separation: Assessed using either the photo 
luminescence (PL) or EL luminescence spectrum of a natu 
rally dried ?lm after patterning in each of the R, G, B colors. 

[0136] 0: Compound 1 original short Wavelength spec 
trum not observed 

[0137] X: Compound 1 original short Wavelength spec 
trum observed 

[0138] However, for composition 6, using the same con 
ditions as in Examples 2-1 through 2-6, phase separation 
became “0” in accordance With either heat treatment or heat 
treatment under applying pressure following dispensing. 

Example 3-2 

[0139] Substrate Formation 

[0140] Asubstrate having pixels, Which are shoWn in FIG. 
2(A) Was formed as explained hereinbeloW. On a TFT 
substrate 11, ITO 12, SiO2 13 and polyimide 14 Were formed 
into a pattern using a photolithography method. This SiO2 
and polyimide are portions constituting banks. At this time, 
by providing a circular opening portion of 28 pm(]) in the 
SiO2, and also providing a circular opening portion of 32 
pm(]) in the polyimide on top thereof, circular pixels 15 
comprising these tWo opening portions Were formed. The 
pitch (X of these pixels is 70.5 pm. The above-mentioned 
pixels, Which are partitioned by SiO2 and polyimide, con 
stitute the portions to Which a dispensing composition 
containing the below-described organic EL material are 
applied for performing patterning using an ink jet system. 

[0141] Plasma Processing of Substrate 

[0142] Next, 02 and CF4 continuous atmospheric pressure 
plasma processes Were carried out in the direction of the 
arroWs of FIG. 2(B) on the above-mentioned substrate in 
Which circular pixels had been formed. The conditions of 
these plasma. 

[0143] As shoWn in FIG. 2(C), the ink composition 17 for 
the above-mentioned hole injection/transport layer Was 
ejected at 20 pl from an ink jet head (Epson MJ-930C head) 
16, and patterning Was performed on each pixel electrode. 
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After patterning, the solvent Was removed under conditions 
of room temperature for 20 minutes in a vacuum (1 Torr), 
and thereafter, a hole injection/transport layer 18 Was 
formed out-of-vacuum via heat treatment for 10 minutes at 
200° C. (on a hot plate) (Refer to FIG. 2(D)). The ?lm 
thickness of the resulting hole injection/transport layer 18 
Was 40 nm. 

[0144] Formation of Luminescent Layer Using Ink Jet 
System 

[0145] As shoWn in FIGS. 3(E) and (F), in accordance 
With dispensing composition 2 of Table 5, Which Was 
utiliZed in the above-mentioned Example 3-1, from an ink 
jet head (Epson MJ-930C) 16 at 20 pl as the composition 19 
for a luminescent layer, and performing patterning on each 
pixel electrode in B, R, G order, a luminescent layer 20 of 
each color Was formed (Refer to FIG. 3(G)). After forming 
the luminescent layers 20, post baking Was performed at 60° 
C. for 30 minutes under reduced pressure of less than 1 Torr. 

[0146] Electrode/Sealing Processes 

[0147] After forming the luminescent layers, an electrode 
(negative electrode) 21 Was formed by depositing lithium 
?uoride (thickness: 2 nm), calcium (thickness: 20 nm), and 
processes Were as folloWs. That is, under atmospheric pres 
sure, the poWer Was set to 300 W, and the distance betWeen 
the electrode and the substrate Was set at 1 mm. Further, for 
the 02 plasma, the 02 gas How Was 80 ccm, the helium gas 
How Was 10 l/min, and the table conveyance rate Was set at 
10 mm/s, and for the CF4 plasma, the CF4 gas How Was 100 
ccm, the helium gas How Was 10 l/min, and the table 
conveyance rate Was set at 5 mm/s. 

[0148] Hole Injection/Transport Layer Formation Using 
Ink Jet System 

[0149] Compositions consisting of the compositions 
shoWn in Table 11 Were prepared as ink compositions for a 
hole injection/transport layer. 

TABLE 11 

Material Content (Wt %) 

Polyethylene 11.08 
dioxythiophene/polystyrene 
sulfonic acid mixture 
Polystyrene sulfonic acid 1.44 
Isopropyl alcohol 10 
N-methylpyrolidone 27.48 
1,3-dimethyl-2- 50 
imidazolidinone 

[0150] aluminum (thickness: 20 nm). Finally, the above 
mentioned electrode Was sealed With an epoxy resin 22, and 
a color organic EL panel 10 Was produced (Refer to FIG. 
3(H))~ 

Example 3-3 

[0151] Besides forming luminescent layers of each color 
by using composition 3 of Table 6, Which Was utiliZed in the 
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above-mentioned Example 3-1, a color organic EL panel 
Was produced using the same processes as in the above 
mentioned Example 3-2. 

Example 3-4 

[0152] Besides forming luminescent layers of each color 
by using composition 4 of Table 7, Which Was utiliZed in the 
above-mentioned Example 3-1, a color organic EL panel 
Was produced using the same processes as in the above 
mentioned Example 3-2. 

Example 3-5 

[0153] Besides forming luminescent layers of each color 
by using composition 5 of Table 8, Which Was utiliZed in the 
above-mentioned Example 3-1, a color organic EL panel 
Was produced using the same processes as in the above 
mentioned Example 3-2. 

INDUSTRIAL APPLICABILITY 

[0154] As explained hereinabove, a composition of the 
present invention can be used in an ink jet printing method 
instead of a photolithography method, Which is the conven 
tional functional material patterning method, can use, as a 
functional material, either a non-polar or a Weakly polar 
material, or a material that is reactive With Water, and can 
prevent clogging at dispensing time, achieve stable dispens 
ing, and prevent precipitation of content matter during 
dispensing and phase separation at ?lm formation folloWing 
dispensing. 

[0155] Further, a functional ?lm of the present invention is 
a uniform, homogenous, micro ?lm, Which is formed using 
the above-mentioned composition. Further, a display device 
of the present invention is an outstanding display device 
such as an organic EL device, Which is comprised by 
providing a luminescent material layer formed using the 
above-mentioned composition, and Which is especially use 
ful in luminous display applications. 

[0156] Further, according to the manufacturing method of 
the display device of the present invention, it is possible to 
easily achieve an array of ?lms having different functions. 
Further, because a required amount of material is used in a 
required part, it is possible to use less material than in 
methods according to spin coating methods. 

What is claimed is: 

1. A composition characteriZed in that said composition 
comprises a functional material, Which is selected from the 
group consisting of a silica glass precursor, a color ?lter 
material, conductive material and a semiconductor material 
and a solvent comprising at least one benZene derivative 
having 1 or more substituents, and these substituents having 
3 or more carbon atoms in total. 


