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(57) ABSTRACT 

A composition for an organic EL element Which can form a 
high precision pattern in a simple manner and in a short time 
and a method of manufacturing the organic EL element are 
disclosed. By using the composition, optimum ?lm design 
and luminescence characteristic can be easily obtained, and 
an adjustment of a luminescence efficiency can also be easily 
performed. The composition for an organic EL element 
comprises a precursor of a conjugated organic polymer 
compound for forming at least one luminescent layer (106), 
(107), (108) having a certain color and at least one kind of 
?uorescent dye for changing the luminescence characteristic 
of the luminescent layer. The luminescent layer is made 
from a pattern formed by an ink-jet method. As for the 
precursor, a precursor of PPV, PPV derivative or the like is 
preferably used. Further, it is preferable that the composition 
for the organic EL element satis?es at least one of the 
conditions including a contact angle of 30 to 170 degrees 
With respect to a noZZle surface of a noZZle provided in a 
head of an ink-jet device used for the ink-jet method for 
discharging the composition, a viscosity of 1 to 20 cp and a 
surface tension of 20 to 70 dyne/cm. 
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COMPOSITION FOR AN ORGANIC EL ELEMENT 
AND METHOD OF MANUFACTURING THE 

ORGANIC EL ELEMENT 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a composition for 
an electroluminescent (EL) element, and more particularly, 
to a composition for an organic EL element, and a method 
of manufacturing the organic EL element. 

[0003] 2. Description of the Background Art 

[0004] An organic EL element has a constitution in Which 
a cathode and an anode are connected to the opposite sides 
of a solid thin ?lm containing a ?uorescent organic com 
pound. When a voltage is applied across the electrodes, 
electrons and holes are injected into the thin ?lm, and they 
migrate according to the generated electric ?eld and recom 
bine With each other. At the time, eXcitons are produced by 
the energy liberated upon the recombination, and energy (in 
the form of ?uorescence or phosphorescence) is emitted 
When the eXcitons are returned to the ground state thereof. 
This phenomenon is called electroluminescence. 

[0005] The characteristic of an organic EL element resides 
in the point that a high luminance surface emission of 100 
to 100,000 cd /m2 is possible at a loW voltage of less than 
about 10V. Further, since organic compounds are used, there 
is an unlimited possibility as to the selection of the raW 
materials. This is the eXcellent advantage of the EL element, 
Which cannot be found in other material systems. For 
eXample, by appropriate selection of the kinds of the ?uo 
rescent materials, it is possible to provide emission of visible 
rays ranging from blue color to red color. 

[0006] In this connection, the luminescence ef?ciency and 
the stability of the EL element Which are important factors 
of the EL element are achieved by a luminescent layer. In the 
past, doping of high ef?ciency ?uorescent dyes into the 
luminescent layer has been carried out in order to improve 
the luminescence ef?ciency and change the emission Wave 
length. 
[0007] The conventional organic EL element is formed 
into a thin ?lm laminated-type organic thin ?lm EL element, 
in Which a loW molecular material (host material) is mainly 
used as an organic EL material so that the thin ?lm is formed 
of the loW molecular material. Such an organic EL material 
is formed by adding a ?uorescent dye to a loW molecular 
Weight host material. Examples of such an EL element 
include an element obtained by adding a ?uorescent dye 
such as perylene or distyrylbiphenyl to a host material such 
as aluminum quinolynol complex (Alq3) or distyrylbiphenyl 
or the like. 

[0008] In order to form a thin ?lm from such a loW 
molecular dye compound, a vapor deposition method has 
been so far employed. HoWever, it is difficult to obtain a 
homogeneous defect-free thin ?lm by the vapor deposition 
method. Further, the vapor deposition is not an ef?cient 
method, since it takes a long time to form several organic 
layers by the method. 

SUMMARY OF THE INVENTION 

[0009] It is an object of the present invention to provide a 
composition for an organic EL element and a method of 
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manufacturing such an EL element Which can perform a 
high precision patterning in a simple manner and in a short 
time, achieve an optimiZation of a ?lm design and a lumi 
nescence characteristic easily, and facilitate an adjustment of 
a luminescence ef?ciency, as Well as form a thin ?lm having 
eXcellent durability. 

[0010] In order to achieve such an object, the present 
invention is directed to a composition for an organic EL 
element for forming at least one luminescent layer having a 
certain color. The composition comprises a precursor of a 
conjugated organic polymer compound for forming the 
luminescent layer; and at least one kind of ?uorescent dye 
for changing the luminescence characteristic of the lumi 
nescent layer. Preferably, the luminescent layer is made from 
a pattern of the composition Which is formed by an ink-jet 
method. In this case, the luminescence characteristic is a 
maXimum Wavelength of light absorption, and it is preferred 
that the conjugated organic polymer compound includes a 
hole injection and transfer type material. 

[0011] The precursor is preferably a polyallylene vinylene 
precursor, and more preferably a precursor of a polypar 
aphenylene vinylene or a polyparaphenylene vinylene 
derivative. 

[0012] The ?uorescent dye is preferably at least one 
selected from rhodamine or rhodamine derivative, distyryl 
biphenyl or distyrylbiphenyl derivative, coumarin or cou 
marin derivative, tetraphenylbutadiene (TPB) or tetraphe 
nylbutadiene derivative, and quinacridone or quinacridone 
derivative. In this case, the amount of the ?uorescent dye to 
be added is preferably 0.5 to 10 Wt % With respect to a solid 
component of the precursor of the conjugated organic poly 
mer compound. 

[0013] Further, it is preferred that the precursor of the 
conjugated organic polymer compound and the ?uorescent 
dye eXist in the state of being dissolved or dispersed into a 
polar solvent. Further, it is also preferred that a Wetting agent 
is contained in the composition. 

[0014] Furthermore, it is preferred that the composition 
for the organic EL element satis?es at least one of the 
conditions including a contact angle of 30 to 170 degrees 
With respect to a material constituting a noZZle surface of a 
noZZle provided in a head of a device used for an ink-jet 
method for discharging the composition, a viscosity of 1 to 
20 cp and a surface tension of 20 to 70 dyne/cm. 

[0015] The composition for the organic EL element 
according to the present invention is used for a pattern 
formation for the luminescent layer, and the pattern forma 
tion is carried out by the ink-jet method, Wherein the 
composition has a contact angle of 30 to 170 degrees With 
respect to a material constituting a noZZle surface of a noZZle 
provided in a head of an ink-jet device for discharging the 
composition. 

[0016] Further, the present invention is also directed to a 
method of manufacturing the organic EL element. The 
method comprises the steps of coating a pattern by discharg 
ing a composition for an organic EL element containing a 
precursor of a conjugated organic polymer compound from 
a head by an ink-jet method, and forming at least one 
luminescent layer for a certain color by conjugating the 
precursor of the conjugated organic polymer compound. 
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[0017] In this method, it is preferred that the composition 
further includes at least one kind of luminescent dye for 
changing a luminescence characteristic of the luminescent 
layer. In this case, the luminescence characteristic is a 
maXimum Wavelength of light absorption. 

[0018] Further, it is preferred that the conjugated organic 
polymer compound includes a hole injection type material. 
Further, it is also preferred that the precursor of the conju 
gated organic polymer compound includes a precursor of a 
polyallylene vinylene, and more preferably a precursor of a 
polyparaphenylene vinylene or a polyparaphenylene 
vinylene derivative. 

[0019] The ?uorescent dye is preferably at least one 
selected from rhodamine or rhodamine derivative, distyryl 
biphenyl or distyrylbiphenyl derivative, coumarin or cou 
marin derivative, tetraphenylbutadiene (TPB) or tetraphe 
nylbutadiene derivative, and quinacridone or quinacridone 
derivative. 

[0020] Further, it is preferred that the composition for the 
organic EL element satis?es at least one of the conditions 
including a contact angle of 30 to 170 degrees With respect 
to a noZZle surface of a noZZle provided in a head of a device 
used for the ink-jet method for discharging the composition, 
a viscosity of 1 to 20 cp and a surface tension of 20 to 70 
dyne/cm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1 is a sectional vieW Which shoWs steps 
performed in the manufacturing method of the present 
invention. 

[0022] FIG. 2 is a perspective vieW Which shoWs an 
eXample of a con?guration of a head of an ink-jet device 
Which is used in the manufacturing method of the present 
invention. 

[0023] FIG. 3 is a sectional vieW of the noZZle part of the 
head of the ink-jet device shoWn in FIG. 2. 

[0024] FIG. 4 is a diagram Which shoWs Wavelength at 
absorption of light in each of the luminescent layers of the 
organic EL element (Example 1) according to the present 
invention. 

[0025] FIG. 5 is a sectional vieW Which shoWs steps 
performed in another embodiment of the manufacturing 
method of the present invention. 

PREFERRED EMBODIMENTS OF THE 
INVENTION 

[0026] HereinbeloW, a composition for an organic EL 
element (hereinafter, referred to as “composition”) and a 
method of manufacturing the organic EL element according 
to the present invention Will be described in detail based on 
the preferred embodiments shoWn in the accompanying 
draWings. 
[0027] The composition for the organic EL element of the 
present invention is used to form at least one luminescent 
layer having a certain color, and the luminescent layer is 
formed from a pattern of the composition Which is formed 
by the ink-jet method. The composition for the organic EL 
element includes as its main component a precursor of a 
conjugated organic polymer compound (hereinafter, referred 
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to as “precursor”) for forming the luminescent layer and at 
least one kind of ?uorescent dye for changing the emission 
characteristic of the luminescent layer. 

[0028] Here, the precursor means a material Which coated 
for pattern formation as a composition for the organic EL 
together With a ?uorescent dye and then conjugated by 
heating or the like as shoWn, for eXample, by the folloWing 
chemical formula (I) thereby producing a conjugated 
organic polymer EL layer. For eXample, When the precursor 
is a sulfonium salt, an elimination of the sulfonium group is 
caused by a heat treatment so that the precursor is turned into 
the conjugated organic polymer compound. 

CH—CH2 %< h I 
5+ 11 

[Chemical Formula(I)] 

1500 C. X 4hr 
Heating 

N2 atmosphere 

PPV 

(I) 

[0029] Such a conjugated organic polymer compound 
eXhibits a strong ?uorescence in the solid state, and is 
capable of forming a homogeneous and stable solid super 
thin ?lm. 

[0030] Further, the conjugated organic polymer compound 
has an eXcellent formability, and has a high adhesion to an 
ITO electrode. In addition, such a precursor can form a 
sturdy conjugated polymer ?lm after hardening. Further, 
since the precursor is used in the form of a precursor solution 
before hardening, it is possible to adjust its concentration or 
the like easily, thereby enabling to obtain a coating liquid 
suitable for ink-jet pattern formation as Will be described 
later. This means that it is possible to set the optimum 
conditions for the thin ?lm easily in a short time and to form 
the thin ?lm based on the conditions. 

[0031] It is preferred that the conjugated organic polymer 
compound is a hole injection and transfer type material. 
With this choice, it is possible to promote the injection and 
transfer of the carriers, and improve the luminescence ef? 
ciency. 

[0032] As for eXample of the precursor of such a conju 
gated organic polymer compound, a polyallylene vinylene 
precursor is preferable. Since the polyallylene vinylene 
precursor is soluble to a Water-based solvent or an organic 
solvent, it is possible to prepare easily the composition for 
the organic EL element. Further, since such a precursor can 
be polymeriZed under certain conditions, it is possible to 
obtain a thin ?lm having high optical quality. 

[0033] EXamples of such a polyallylene vinylene precur 
sor include: precursor of PPV derivative such as PPV 
(poly(para-phenylene vinylene)) precursor, MO-PPV 
(poly(2,5-dimethoXy-1,4-phenylene vinylene)) precursor, 
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CN-PPV (poly(2,5-bishexyloxy-1,4-phenylene-(1-cyanovi 
nylene))) precursor, MEH-PPV (poly[2-methoxy-5-(2‘-eth 
ylhexyloxy)]-para-phenylene vinylene) precursor and the 
like; poly(alkylthiophene) precursor such as PTV (poly(2, 
S-thienylene vinylene)) precursor and the like; PFV (poly(2, 
S-furylene vinylene)) precursor; poly(paraphenylene) pre 
cursor; and polyalkyl?uorene precursor, and the like. 
Among these precursors, the precursor of PPV or PPV 
derivatives such as shoWn in the following chemical formula 
(II) is most preferable. 

[Chemical Formula(II)] 

PPV 

OC6H13 

CN-PPV 

0 

II 

‘\ 
MEH-PPV 

0on3 

CH : CH 9’ 
II 

H3CO 
MO-PPV 

[0034] The precursor of PPV or the PPV derivative is 
soluble to Water. After such a precursor solution is coated, 
heat treatment is carried out to conjugate the precursor, 
thereby forming a conjugated PPV thin ?lm. 

[0035] In the ink-jet method, it is preferable to use a 
composition Which is soluble to Water-based, alcohol-based 
or glycol-based solvent. Since the precursor of PPV or PPV 
derivative is soluble to these solvents, it is possible to avoid 
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undesirable effect on the human body and erosion of the 
passage of the discharged liquid and the ink head material 
Which Would be caused When other solvent are used. 

[0036] Further, since PPV and the like possess a strong 
?uorescence and it is a conductive polymer in Which J's-elec 
tron of double bond is delocaliZed on the polymer chain, it 
is possible to obtain an organic EL element having high 
performance. 
[0037] The content of the precursor represented by the 
PPV precursor is preferably 0.01 to 10.0 Wt %, and more 
preferably 0.1 to 5.0 Wt %, With respect to the total amount 
of the composition for the organic EL element. If the amount 
of the precursor to be added is too small, it is insuf?cient for 
formation of the conjugated polymer ?lm. On the other 
hand, if the amount of the precursor to be added is too much, 
the viscosity of the composition becomes high, Which is not 
suitable for coating and pattern formation With high preci 
sion by the ink-jet method. 

[0038] In addition, as for examples of polymer organic 
compound other than the PPV precursor Which can form a 
luminescent layer, pyraZoline dimer, quinoliZine carboxylic 
acid, benZopyrylium perchlorate, benZopyrano quinoliZine, 
rubrene, phenanthroline europium complex and the like can 
be mentioned, and a composition for the organic EL element 
containing one of these compounds or a mixture of tWo or 
more of these compounds may also be employed. 

[0039] Further, the composition for an organic EL element 
according to the present invention includes at least one kind 
of ?uorescent dye in addition to the precursor of the con 
jugated organic polymer compound described above. In this 
Way, it becomes possible to change the luminous property of 
the luminescent layer. Therefore, the addition of the ?uo 
rescent dye is effective as a means, for example, for improv 
ing the luminous ef?ciency of the luminescent layer or for 
changing the maximum Wavelength of light absorption 
(emitted color) of the luminescent layers. 

[0040] Namely, a ?uorescent dye can be utiliZed not only 
as a material for the luminescent layers but also as a material 
for the coloring matter Which exhibits the luminescence 
function by itself. This is because almost all of the energy of 
the excitons Which are generated by the recombination of 
carriers on the molecules of a conjugated organic polymer 
compound can be transferred onto the molecules of the 
?uorescent dye. In this case, the current quantum ef?ciency 
of the EL element is also increased, because the lumines 
cence arises only from the molecules of the ?uorescent dye 
Which have a high ?uorescence quantum ef?ciency. Accord 
ingly, by the addition of a ?uorescent dye into the compo 
sition for the organic EL element, the luminescence spec 
trum of the luminescent layer becomes the spectrum of the 
?uorescent dye, thereby enabling to change the emitted 
color. 

[0041] In this connection, it should be noted that What is 
meant here by the current quantum ef?ciency is a scale for 
considering the luminescence performance according to the 
luminescence function, and it is de?ned by the folloWing 
expression. 

nE=energy of emitted photon/inputted electrical 
energy 

[0042] In this Way, by changing the maximum Wavelength 
of light absorption by the doping of an appropriate ?uores 
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cent dye, it becomes possible, for example, to emit the three 
primary colors of red, green and blue, thereby enabling to 
obtain a full color display device. 

[0043] Further, the doping of the ?uorescent dye also 
makes it possible to improve extremely the luminous ef? 
ciency of the organic EL element. 

[0044] As for a ?uorescent dye used for the red lumines 
cent layer, laser dye DCM-1, rhodamine or a rhodamine 
derivative, perylene and the like are preferably used. These 
?uorescent dyes are soluble to solvents because they are loW 
molecules, and have a high compatibility With PPV or the 
like, so that a luminescent layer With a good uniformity and 
good stability can be formed. 

[0045] As for examples of the rhodamine derivative ?uo 
rescent dyes, rhodamine B, rhodamine B base, rhodamine 
6G, and rhodamine 101 perchlorate and the like can be 
mentioned. 

[0046] Further, as for a ?uorescent dye used in the green 
luminescent layer, quinacridone, rubrene, DCJT and their 
derivatives are preferably used. Since these ?uorescent dyes 
are loW molecules in the same manner as the ?uorescent 
dyes to be used in the above-mentioned red luminescent 
layer, they are soluble to solvents and have a high compat 
ibility With PPV or the like, so that the luminescent layer can 
be formed. 

[0047] As for the ?uorescent dye used in the blue lumi 
nescent layer, distyrylbiphenyl and its derivative are pref 
erable. These ?uorescent dyes are soluble to solvents in the 
same manner as the above-mentioned ?uorescent dyes for 
the red luminescent layer, and have high compatibility With 
PPV or the like, so that the luminescent layer can be formed. 

[0048] Further, as for other ?uorescent dyes for generating 
blue emitted color, coumarin and coumarin derivative can be 
mentioned. These ?uorescent dyes are soluble to solvents 
because they are loW molecules in the same manner as the 
above-mentioned ?uorescent dyes, and have high compat 
ibility With PPV or the like, so that the luminescent layer can 
be formed. 

[0049] As for examples of the coumarin derivative ?uo 
rescent dyes, coumarin-1, coumarin-6, coumarin-7, cou 
marin 120, coumarin 138, coumarin 152, coumarin 153, 
coumarin 311, coumarin 314, coumarin 334, coumarin 337, 
coumarin 343 and the like can be mentioned. 

[0050] Further, as for other ?uorescent dyes (luminescent 
materials) for generating blue emitted color, tetraphenylb 
utadiene (TPB) or TPB derivative, DPVBi and the like are 
preferable. Since these ?uorescent dyes (luminescent mate 
rials) are also loW molecules, they are soluble to solvents, 
and have high compatibility With PPV, so that the lumines 
cent layer can be formed. 

[0051] These ?uorescent dyes and luminescent materials 
as described above can be selectively used alone or in the 
form of a mixture of tWo or more of them. 

[0052] The amount of these ?uorescent dyes to be added 
to the solid component of the precursor of the conjugated 
organic polymer compound are preferably 0.5 to 10 Wt % , 
and more preferably 1.0 to 5.0 Wt %. If the amount of the 
?orescent dye to be added is too much, it becomes dif?cult 
to maintain the Weather resistance and the durability of the 
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luminescent layer. On the other hand, the amount of the 
?orescent dye to be added is too little, it is impossible to 
obtain suf?ciently the effect of adding the ?orescent dye. 

[0053] Moreover, it is preferable that the precursor and the 
?uorescent dye are dissolved or dispersed into a polar 
solvent. Since the polar solvent is capable of readily dis 
solving or homogeneously dispersing the precursor and the 
?uorescent dye, use of the polar solvent makes it possible to 
prevent the solid component in the organic EL composition 
from being stuck at the noZZle hole of ink-jet device and to 
prevent the noZZle hole from being clogged With the solid 
component. Further, it also contributes to maintain the high 
contact angle of the ink at the noZZle hole. In this Way, it is 
possible to prevent the bend in the jetted direction of the ink. 

[0054] As for examples of the polar solvent, Water; Water 
compatible alcohol such as methanol, ethanol and the like; 
organic solvents such as N,N-dimethylformamide (DMF), 
N-methylpyrrolidone (NMP), dimethylimidaZoline (DMI), 
dimethylsulfoxide (DMSO) and the like; and inorganic 
solvents can be mentioned. Each of these solvents can be 
used alone or in the form of an appropriate mixture of tWo 
or more of them. 

[0055] In addition, it is preferred that a Wetting agent is 
added in the composition for the organic EL element. With 
this arrangement, it is possible to prevent effectively the 
composition from being dried and solidi?ed at the ink-jet 
noZZle hole. As for examples of such a Wetting agent, 
polyhydric alcohols such as glycerin and diethylene glycol 
and the like can be mentioned. In this case, it is possible to 
use a mixture of tWo or more of them. The amount of the 
Wetting agent to be added is preferably about 5 to 20 Wt % 
With respect to the total amount of the composition for the 
organic EL element. 

[0056] Moreover, other additives and ?lm stabiliZing 
materials may also be added. For example, stabiliZer, anti 
aging agent, pH adjusting agent, antiseptic agent, resin 
emulsion, leveling agent or the like may be added. 

[0057] According to the method of manufacturing the 
organic EL element by the ink-jet method, the above 
mentioned composition Which is in the form of a discharge 
liquid is discharged from the head of the device used for the 
ink-jet method to form a pattern of at least one luminescent 
layer With one color selected from the thee primary colors 
comprising red, green and blue and their intermediate colors. 

[0058] According to the ink-jet method, a ?ne pattern 
formation can be carried out simply in a short time. In 
addition, through adjustment of the discharging amount or 
the concentration of the discharge liquid, ?lm properties 
such as ?lm thickness and ?lm area and the like, and the 
emission capability such as emission balance and luminance 
can be controlled readily and arbitrarily. 

[0059] The organic EL element Which is used for the 
pattern formation by the ink-jet method has characteristics 
as described beloW. 

[0060] It is preferable that the compositions have a contact 
angle of 30 to 170 degrees, and more preferably, 35 to 65 
degrees, With respect to the material constituting the noZZle 
surface of the noZZle provided in the head of the ink-jet 
device. When the contact angle is set to a value Within this 
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range, it is possible to carry out a precise patterning by 
suppressing the bend in the jetted direction of the compo 
sition. 

[0061] Namely, if the contact angle is less than 30 degrees, 
Wettability of the composition With respect to the material 
constituting the noZZle surface increases, so that there is a 
case that the composition adheres asymmetrically to the 
periphery of the noZZle hole at the time of discharging the 
composition. In this case, an attraction acts betWeen the 
composition adhered to the noZZle hole and the composition 
to be discharged. This causes the discharge of the compo 
sition by a nonuniform force, Which gives rise to a situation 
so-called “bend in the jetted direction” in Which the com 
position is unable to reach the target position. Further, the 
occurrence frequency of the bend in the jetted direction also 
tends to increase. On the other hand, if the contact angle 
eXceeds 170 degrees, the interaction betWeen the composi 
tion and the noZZle hole becomes a minimum and the shape 
of the meniscus at the tip of the noZZle is unstable, so that 
the control of the amount and the timings of discharge of the 
composition becomes dif?cult. 

[0062] In the above descriptions, What is meant here by the 
bend in the jetted direction refers to a situation in Which, 
When the composition is discharged from the noZZle, the 
point of impact of a dot deviates from the target position by 
more than 50 pm. Further, the occurrence frequency of the 
bend in the jetted direction is de?ned as the time until the 
bend in the jetted direction occurs after a continuous dis 
charge of the composition is started at the frequency of 7200 
HZ. 

[0063] The bend in the jetted direction is generated prin 
cipally by such causes as the nonuniformity in the Wetta 
bility of the noZZle hole and the clogging of the noZZle hole 
by the attachment of solid components of the composition. 
Such bend in the jetted direction can be eliminated by 
cleaning the head. In this connection, more frequent head 
cleaning is required for more frequency of occurrence of the 
bend in the jetted direction, and this causes to deteriorate the 
manufacturing ef?ciency of the EL element by the ink-jet 
method. On the practical level, it is preferred that an 
occurrence frequency of the bend in the jetted direction is 
more than 1000 seconds. 

[0064] By preventing such bend in the jetted direction 
from occurring, it becomes possible to carry out a highly ?ne 
patterning ef?ciently With high precision. 
[0065] Further, it is preferable that the viscosity of the 
composition is 1 to 20 cp, and more preferably 2 to 4 cp. If 
the viscosity of the composition is less than 1 cp, the 
contents of the precursor and the ?uorescent dye in the 
material are too small, so that the luminescent layer Which 
is formed cannot exhibit luminescence poWer suf?ciently. 
On the other hand, if it eXceeds 20 cp, it becomes impossible 
to discharge the composition smoothly from the noZZle. 
Further, it becomes dif?cult to carry out patterning unless 
otherWise the speci?cation of the ink-jet device is changed, 
for eXample, by enlarging the diameter of the noZZle hole 
and so forth. In addition, When the viscosity of the compo 
sition is high, precipitation of the solid components in the 
composition tends to occur, thus leading to an increased 
occurrence frequency of clogging of the noZZle hole. 

[0066] Furthermore, it is preferable that the composition 
has the surface tension of 20 to 70 dyne/cm, and more 
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preferably 25 to 40 dyne/cm. By restricting the surface 
tension to such a range, it is possible to suppress the bend in 
the jetted direction and thereby hold the occurrence fre 
quency of the bend in the jetted direction to a loW level, in 
the same manner as the case of the above-mentioned contact 

angle. If the surface tension is less than 20 dyne/cm, the 
Wettability of the composition With respect to the material 
constituting the noZZle surface increases. As a result, not 
only the bend in the jetted direction occurs, but also its 
occurrence frequency tends to increase as is discussed With 
reference to the case of the contact angle. On the other hand, 
if it eXceeds 70 dyne/cm, the shape of the meniscus at the tip 
of the noZZle is not stable, Which results in the dif?culty in 
the control of the amount and the timings of discharge of the 
composition. 

[0067] Further, as for the composition of the organic El 
element of this invention, it is preferable to use a compo 
sition Which has a characteristic that satis?es the above 
mentioned numerical range for at least one of the charac 
teristics including the contact angle, the viscosity and the 
surface tension described above. In this connection, it is 
more preferable to use a composition Which has a charac 
teristic that satis?es the above-mentioned numerical ranges 
for arbitrary combination of tWo characteristics, and it is 
most preferable to use a composition Which has a charac 
teristic that satis?es all the numerical ranges. These com 
positions are more suitable for the ink-jet method. 

[0068] The method of manufacturing the organic EL ele 
ment according to the present invention is characteriZed by 
including a step of coating a composition for the organic EL 
element primarily containing a precursor of a conjugated 
organic polymer compound by jetting out it from the noZZle 
hole of the head for the ink-jet device to form a pattern, and 
a step of forming a luminescent layer by conjugating the 
precursor of the conjugated organic polymer compound 
described above. As a composition for the organic EL 
element used in this method, the compositions for the 
organic EL element described above may be employed. 

[0069] The precursor of the conjugated organic polymer 
compound is readily soluble to solvents, and has a large 
degrees of freedom in the selection for the contact angle, 
viscosity and surface tension of the jetting liquid. Accord 
ingly, since it is possible to discharge an arbitrary amount of 
the composition to an arbitrary position, a precise pattern 
formation can be performed and the emission characteristics 
and the ?lm properties of the luminescent layer can be easily 
controlled. 

[0070] The method of conjugating the precursor of the 
conjugated organic polymer compound is not particularly 
limited, but it is preferable to be achieved by a heat 
treatment. In this Way, the luminescent layer can be easily 
formed With a simple manner. 

[0071] It is preferable that the composition for the organic 
EL element mainly contains a precursor of a conjugated 
oraganic polymer compound for forming a luminescent 
layer, and at least one kind of ?uorescent dye for changing 
the luminescence characteristics of the luminescent layer. 
Since the precursor of the conjugated organic polymer 
compound forms a solid thin ?lm, the ?uorescent dye itself 
is not required to possess a thin ?lm formation capability, so 
that it may be used in the form of dispersing molecules. 
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Because of this, various ?uorescent dyes can be selected 
Widely, thereby enabling to form a desired luminescent 
layer. 

[0072] Moreover, as for the precursor of the conjugated 
organic polymer compound and the ?uorescent dye, those 
compounds described in the above may be employed. 

[0073] The structure of the head of the ink-jet device used 
in the manufacturing method of the organic EL element 
according to the present invention is shoWn in FIG. 2. 

[0074] The head 10 for the ink-jet device is provided With, 
for example, a stainless steel noZZle plate 11 and a vibration 
plate 13, and they are coupled via partitioning members 
(reservoir plates) 15. 
[0075] BetWeen the noZZle plate 11 and the vibration plate 
13, a liquid storage 21 and a plurality of spaces 19 are 
formed by means of the reservoir plates 15. The inside of the 
respective spaces 19 and the liquid storage 21 are ?lled With 
the composition according to the present invention, and the 
spaces 19 communicate With the liquid storage 21 by means 
of supply ports 23. 

[0076] Further, a noZZle hole 25 is provided in the noZZle 
plate 11 for discharging the composition in a jet-form from 
the spaces 19. On the other hand, a hole 27 is formed in the 
vibration plate 13 for supplying the composition to the liquid 
storage 21. 

[0077] Further, on a surface of the vibration plate 13 Which 
is opposite to the other surface that faces With the spaces 19, 
pieZoelectric elements 29 are attached at positions corre 
sponding to the positions of the respective spaces 19. 

[0078] When the pieZoelectric element 29 is energiZed, the 
pieZoelectric element 29 and the vibration plate 13 are 
deformed, by Which the volume of the space 19 is changed, 
so that the material for the thin ?lm is discharged from the 
noZZle hole 25 toWard the substrate. 

[0079] In this regard, it is preferable that a Water repellent 
treatment such as Te?on coating treatment or the like are 
made at the inner Wall portion of the noZZle hole 25 and its 
peripheral part in order to prevent the bend in the jetted 
direction of the composition and prevent clogging of the 
hole by the composition. 

[0080] Using the head With the above construction, it is 
possible to form organic EL luminescent layers respectively 
by discharging the compositions corresponding to, for 
example, the three primary colors red, blue, and green 
according to predetermined patterns, thereby enabling to 
form the pixels. 

[0081] According to the ink-jet method using the ink-jet 
device as described above, the amount of the composition to 
be discharged, the number of times of the discharge and the 
forms of patterns can be adjusted easily and handily, so that 
the luminescent characteristics and ?lm thickness and the 
like of the luminescent layers can be controlled. 

[0082] FIG. 1 is a sectional vieW Which shoWs steps 
performed in the embodiment of the manufacturing method 
for an organic EL element of the present invention. 

[0083] First, pixel electrodes 101, 102 and 103 are formed 
on a transparent substrate 104 such as a substrate made of 
glass. As for examples of the forming method for these pixel 
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electrodes, photolithography, vacuum deposition method, 
sputtering method and pyrosol method can be mentioned. 

[0084] These pixel electrodes are preferably transparent. 
As for the materials constituting the transparent pixel elec 
trodes, a tin oxide ?lm, an ITO (indium tin oxide) ?lm and 
a composite oxide ?lm of indium oxide and Zinc oxide can 
be mentioned. 

[0085] Then, the spaces betWeen the pixel electrodes are 
buried, and then banks 105 Which act not only as a light 
cut-off layer but also an ink drop preventing Wall are formed, 
for example, by photolithography. 
[0086] Further, after coating and patterning red, green and 
blue compositions by jetting the above-mentioned compo 
sitions from the head 110 of the ink-jet device 109, they are 
undergone heat treatment under a nitrogen atmosphere to 
conjugate the precursors in the compositions, thereby form 
ing luminescent layers 106 (red), 107 (green) and 108 (blue) 
in the form of patterns. 

[0087] In addition, an electron injection and transfer layer 
111 is laminated on the luminescent layers 106, 107 and 108. 
The electron injection and transfer layer 111 facilitates the 
injection of the electrons from the cathode, and contributes 
to the prevention of electrode quenching by keeping the 
luminescent portions aWay from the cathode to establish a 
better contact With the cathode. As for the electron injection 
and transfer layer 111, aluminum quinolynol complex to 
Which the doping is not carried out can be used. As for other 
organic compounds Which are capable of forming an elec 
tron injection and transfer layer, oxadiaZole derivatives such 
as PBD, OXD-8 and the like; DSA; Bebq; triaZole deriva 
tive; aZomethine complex; porphyrin complex; benZoxadia 
ZOl complex; and the like can be mentioned. In this case, the 
electron injection and transfer layer may be formed by using 
any one of these compounds, or mixing or laminating tWo or 
more of these compounds. 

[0088] The forming method for the electron injection and 
transfer layer 111 is not limited to a speci?c method. It is 
possible to form the electron injection and transfer layer 111 
by using, for example, ink-jet method, vacuum deposition 
method, dipping method, spin coating method, casting 
method, capillary method, roll coating method, bar coating 
method or the like. 

[0089] In this case, at the vicinity of the interface betWeen 
the luminescent layer and the hole injection and transfer 
layer, a part of the materials contained in either of layers 
may exist in the state of mutual impregnation and diffusing 
into the other layer. 

[0090] Then, a cathode 113 is formed, thereby the organic 
EL element can be obtained. In this case, it is preferred that 
the cathode 113 is formed into a metallic thin ?lm electrode. 
As for examples of the metal for forming the cathode, Mg, 
Ag, Al, Li and the like can be mentioned. In addition, a 
material having small Work function can be used for the 
material for the cathode 113. For example, alkali metal, 
alkali earth metal such as Ca and the like, and alloys 
containing these metals can be used. 

[0091] The cathode 113 may be formed by using, for 
example, deposition method, sputtering method or the like. 

[0092] FIG. 5 is a sectional vieW Which shoWs a process 
of another embodiment of the manufacturing method for an 
organic EL element according to the present invention. 
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[0093] First, in the same Way as the embodiment shown in 
FIG. 1, pixel electrodes 101, 102 and 103 are formed on a 
transparent substrate 104 such as a glass substrate, and then 
banks 105 are formed by means of photolithography. 

[0094] Further, the compositions are jetted out from a head 
110 for an ink-jet device 109 so that the patterns of com 
positions for various colors are coated and formed onto the 
pixel electrodes 101, 102 and 103. 

[0095] After this process, a heat treatment is carried out 
under an nitrogen atmosphere to obtain thin ?lms through 
conjugation of the precursor in each composition, and 
thereby patterns of the luminescent layers 106 (red) and 107 
(green) are formed. 

[0096] Next, as shoWn in the ?gure, a blue luminescent 
layer 108 is formed on the red luminescent layer 106, the 
green luminescent layer 107 and the pixel electrode 103. In 
this Way, it is possible not only to form layers having the 
three primary colors including red, green and blue, but also 
to bury the level differences betWeen the banks 105 and each 
of the red luminescent layer 106 and the green luminescent 
layer 107 so as to be ?attened. 

[0097] No particular limitation is imposed upon the form 
ing method for the blue luminescent layer 108. It is possible 
to form the layer using the general ?lm forming method 
knoWn as deposition method or Wet method, for instance, or 
using the ink-jet method. 

[0098] The blue luminescent layer 108 can be formed of 
an electron injection and transfer material such as aluminum 
quinolynol complex. With a structure such as this, it is 
possible to promote the injection and transfer of the carriers 
so as to improve the luminous ef?ciency. 

[0099] Further, When such a blue luminescent layer 108 is 
laminated With a luminescent layer formed of a hole injec 
tion and transfer material such as, for example, PPV layer or 
the like, it is also possible to inject and transfer ef?ciently the 
electrons and the holes from the respective electrodes into 
these laminated luminescent layers, thereby enabling to 
more improve the luminous ef?ciency. 

[0100] Furthermore, When an electron injection, and trans 
fer layer is laminated With a hole injection and transfer layer, 
the function of hole injection and transfer and the function 
of electron injection and transfer can be assigned separately 
to different layers, so that optimum design can be selected 
for the respective materials. 

[0101] As described above, When at least one organic 
luminescent layer for any color is formed by the ink-jet 
method, the luminescent layer for the other color may be 
formed by a different method. Therefore, even When a 
luminescent material Which is not so suited for the ink-jet 
method is used, a full color organic EL element can be 
formed by using such a material in a combination With other 
organic luminescent materials that are suited for the ink-jet 
method, so that the latitude in the design for the EL element 
Will be expanded. 

[0102] As for examples of the forming method used for 
the formation of the luminescent layer other than the ink-jet 
method, photolithography method, vacuum deposition 
method, printing method, transfer method, dipping method, 
spin coating method, casting method, capillary method, bar 
coating method, roll coating method and the like can be 
mentioned. 
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[0103] Finally, a cathode (a counter electrode) 113 is 
formed, thereby the organic EL element is completed. 

[0104] HereinbeloW, the composition for an organic EL 
element and the method of manufacturing an organic EL 
element according to the present invention are described in 
details With reference to the actual examples. 

[0105] 1. Manufacturing of Organic EL Element 

EXAMPLE 1 

[0106] The compositions for the organic EL element made 
from the compositions shoWn in Table 1 Were prepared for 
respective colors, and then the organic EL element Was 
manufactured using the compositions. 

[0107] As shoWn in FIG. 1, on the glass substrate 104, 
ITO transparent pixel electrodes 101, 102 and 103 Were 
formed by means of photolithography so as to form respec 
tively a pattern having a pitch of 100 pm and a thickness of 
0.1 pm. 

[0108] Then, banks 105 made of photosensitive polyimide 
Were formed by photolithography so as to bury the spaces 
betWeen the ITO transparent pixel electrodes. In this case, 
each of the banks 105 Was designed so as to have a Width of 
20 pm and a thickness of 2.0 pm, respectively. 

[0109] Further, the luminescent materials for the respec 
tive colors Were coated to form patterns by jetting the 
compositions from the head 110 of the ink-jet device 109. 
Then, they Were undergone heat treatment under a nitrogen 
atmosphere at 150° C. for 4 hours to conjugate the precur 
sors in the compositions of the materials so as to obtain thin 
?lms, thereby obtaining luminescent layers 106 (red), 107 
(green) and 108 (blue) Which emit red, green and blue, 
respectively. 
[0110] Next, the vacuum deposition Was carried out using 
the aluminum quinolynol complex to Which no doping Was 
carried out to form an electron injection and transfer layer 
111 having a thickness of 0.1 pm. 

[0111] Finally, an Al—Li electrode having a thickness of 
0.8 pm Was formed as the cathode 113 by the deposition 
method, thereby manufacturing the organic EL element. 

EXAMPLE 2 

[0112] The organic EL element Was manufactured in the 
same Way as Example 1 except that quinacridone of 0.075 
Wt % (ratio for solid portion of PPV precursor: 2 Wt %) Was 
added into the green luminescent layer composition as a 
?uorescent dye as shoWn in Table 2. 

EXAMPLE 3 

[0113] The organic EL element Was manufactured in the 
same Way as Example 1 except that rhodamine 101 Was used 
as a ?uorescent dye in the red luminescent layer composition 
as shoWn in Table 3. 

EXAMPLE 4 

[0114] The organic EL element Was manufactured in the 
same Way as Example 1 except that coumarin 6 of 0.00375 
Wt % and distyrylbiphenyl of 0.00375 Wt % (ratio for solid 
portion of PPV precursor: 1 Wt %) Were used as a ?uorescent 
dye in the blue luminescent layer composition and that 
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glycerin of 3 Wt % and diethylene glycol of 12 Wt % Were 
used as a Wetting agent as shown in Table 4. 

EXAMPLE 5 

[0115] The organic EL element Was manufactured in the 
same Way as Example 1 except that tetraphenylbutadiene 
(TPB) of 0.0075 Wt % (ratio for solid portion of PPV 
precursor: 2 Wt %) Was used as a ?uorescent dye in the blue 
luminescent layer composition and quinacridone of 0.0075 
Wt % (ratio for solid portion of PPV precursor: 2 Wt %) Was 
used as a ?uorescent dye in the green luminescent layer 
composition, respectively, and that glycerin of 3 Wt % and 
diethylene glycol of 12 Wt % Were used as a Wetting agent 
as shoWn in Table 5. 

EXAMPLE 6 

[0116] The organic EL element Was manufactured in the 
same Way as Example 1 except that coumarin 138 Was used 
in the blue luminescent layer composition as a ?uorescent 
dye as shoWn in Table 6. 

EXAMPLE 7 

[0117] The organic EL element Was manufactured in the 
same Way as Example 1 except that CN-PPV precursor 
Which emits red color Was used instead of PPV precursor 
and that distyrylbiphenyl of 0.0075 Wt % (ratio for solid 
portion of PPV precursor: 2 Wt %) Was used as a blue 
?uorescent dye and quinacridone of 0.0075 Wt % (ratio for 
solid portion of PPV precursor: 2 Wt %) Was used as a green 
?uorescent dye Without adding any red ?uorescent dye, as 
shoWn in Table 7. 

COMPARATIVE EXAMPLE 1 

[0118] As shoWn in Table 8, compositions for an organic 
El element in Which aluminum quinolynol complex (Alq3) 
Was added as a host material and in Which DCM-1 (red), 
TPB (blue) and coumarin 6 (green) Were added as a dopant, 
respectively, Was prepared, and then the red, green and blue 
luminescent layers Were formed using the compositions by 
means of vacuum deposition method to obtain an organic EL 
element. 

COMPARATIVE EXAMPLE 2 

[0119] As shoWn in Table 9, compositions for an EL 
element Were prepared, in Which aluminum quinolynol 
complex (Alq3) Was added as a host material, DCM-1 (red), 
TPB (blue) and coumarin 6 (green) Were added to the 
respective compositions as a dopant, and Wetting agent and 
polar solvent Were also contained. Then, respective lumi 
nescent layers Were formed by the ink-jet method using the 
compositions in the same Way as Example 1 to obtain an 
organic EL element. 

[0120] 2. Evaluation of the Luminescence Characteristics 
and the Film Characteristics of the Luminescent Layers 

[0121] The luminescence characteristics and the ?lm char 
acteristics of the respective luminescent layers of the organic 
EL elements Which Were manufactured according to 
Examples 1 to 7 and Comparative Examples 1 and 2 
described above Were evaluated according to the folloWing 
methods. 
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[0122] (1) Luminescence Starting Voltage 
[0123] A prescribed voltage Was applied to the element, 
and the applied voltage at Which a luminance of 1 cd/m2 is 
observed Was de?ned as the luminescence starting voltage 

[Vth]. 
[0124] (2) Luminescence Life 

[0125] The initial luminance after a stabiliZation treatment 
has been carried out Was set to 100%, and the changes in the 
luminance of the EL element Were measured under the 
condition that the elements Were kept in continuous lumi 
nescence by supplying a constant current of standard Wave 
form, Wherein the luminescence life is de?ned as the time 
until the luminance drops to 50% of the initial luminance. 

[0126] In this case, the drive conditions for this experi 
ment Were set at 40° C. for room temperature, 23% for 
humidity and 20 mA/cm2 for current density. 

[0127] (3) Luminance (Brightness) 
[0128] The luminance Was measured at Which the current 
Was set to 20 mA/cm2. 

[0129] (4) Wavelength at Maximum Absorption 

[0130] The Wavelength at maximum absorption for each 
luminescent layer Was measured. 

[0131] FIG. 4 is a diagram Which shoWs Wavelength at 
absorption of light at the each luminescent layers of the 
organic EL element in Example 1. As the result of measuring 
the Wavelength at maximum absorption for the respective 
luminescent layers of the organic EL elements obtained in 
Examples 2 to 7, the same results Were obtained. 

[0132] (5) Stability in Film Formation 

[0133] After heating the luminescent layer at 200° C. for 
60 minutes, conditions for occurrence of defects such as 
cracks and deformation in the respective luminescent layers 
Were observed by, a microscope. 

[0134] The results of the evaluation are shoWn in Table 10 
and Table 11. 

[0135] As indicated in Table 10 and Table 11, the lumi 
nescent layers in Examples 1 to 7 have excellent lumines 
cence characteristics and excellent ?lm characteristics. 

[0136] In contrast With these Examples, the stability in 
?lm formation of the luminescent layer in Comparative 
Example 1 Was poor, and a dark spot Was observed in the 
luminescent layer. Further, for the luminescent layer in 
Comparative Example 2, an erosion of the material consti 
tuting the head Which is caused by chloroform as the solvent 
Was observed. Furthermore, it Was impossible to complete 
the formation of the pattern due to the clogging of the noZZle 
beings caused. This is because chloroform tended to vapor 
due to its loWer boiling point so that a dry luminescent layer 
material Was gathered at and then adhered to the noZZle hole 
and the periphery thereof to cause the clogging of the noZZle. 

[0137] 3. Evaluation of the Physical Properties and the 
Discharging Characteristics of the Compositions 

EXAMPLE 8 

[0138] A composition for the organic EL element having 
compositions shoWn in Table 12 Was prepared, and then the 
composition for the organic EL element Was discharged 
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from the nozzle of the ink-jet device in the same Way as 
Example 1 to carry out the coating and the pattern formation. 

[0139] Then, they Were undergone heat treatment under a 
nitrogen atmosphere at 150° C. for 4 hours to conjugate the 
precursors in the compositions and to obtain a thin ?lm, 
Which forms the red luminescent layer. 

EXAMPLE 9 

[0140] The blue luminescent layer Was formed in the same 
Way as Example 8 except that distyrylbiphenyl Was used as 
a blue ?uorescent dye instead of the rhodamine B as shoWn 
in Table 13. 

EXAMPLE 10 

[0141] The green luminescent layer Was formed in the 
same Way as Example 8 except that quinacridone Was used 
as a green ?uorescent dye instead of the rhodamine B as 
shoWn in Table 14. 

EXAMPLE 11 

[0142] The blue luminescent layer Was formed in the same 
Way as Example 8 except that coumarin 6 Was used as a blue 
?uorescent dye instead of the rhodamine B and that the 
amount of glycerin and diethylene glycol to be added as a 
Wetting agent Was changed as shoWn in Table 15. 

EXAMPLE 12 

[0143] The blue luminescent layer Was formed in the same 
Way as Example 8 except that TPB (tetraphenylbutadiene) 
Was used as a blue ?uorescent dye instead of the rhodamine 
as shoWn in Table 16. 

EXAMPLE 13 

[0144] The green luminescent layer Was formed in the 
same Way as Example 8 except that CN-PPV precursor 
Which emits red color Was used instead of PPV precursor, 
and that quinacridone of 0.0075 Wt % Was added as a green 
?uorescent dye as shoWn in Table 17. 

COMPARATIVE EXAMPLE 3 

[0145] The green luminescent layer Was formed in the 
same Way as Example 8 except that a composition Which 
includes aqueous solution of PPV precursor of 50 Wt %; 
glycerin of 20 Wt % and diethylene glycol of 20 Wt % for 
Wetting agents; and DMF of 10 Wt % for polar solvent; and 
quinacridone as a green ?uorescent dye instead of the 
rhodamine B Were used, as shoWn in Table 18. 

COMPARATIVE EXAMPLE 4 

[0146] The blue luminescent layer Was formed in the same 
Way as Example 8 except that coumarin 6. Was used as a blue 
?uorescent dye instead of rhodamine B, that DMF of 75 Wt 
% Was used as a polar solvent, and that no Wetting agent Was 
added, as shoWn in Table 19. 

COMPARATIVE EXAMPLE 5 

[0147] The red luminescent layer Was formed in the same 
Way as Example 8 except that a composition Which includes 
aqueous solution of PPV precursor of 50 Wt %; glycerin of 
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10 Wt % and diethylene glycol of 10 Wt % for Wetting agents; 
and DMF of 30 Wt % for polar solvent Was used as shoWn 
in Table 20. 

[0148] 4. Evaluation of Physical Properties and Discharge 
Characteristic of the Composition 

[0149] The contact angle, viscosity and surface tension of 
the compositions of Examples 8 to 13 and Comparative 
Examples 3 to 5 Were measured. 

[0150] In addition, the occurrence frequency of the bend in 
the jetted direction of the composition and the occurrence 
frequency of clogging of the noZZle hole at the time of 
discharging the composition from the noZZle hole of an 
ink-jet printer (made by EPSON Co., Ltd. Model No. 
MJ-500C, the material constituting the noZZle surface is a 
Water repellent layer to Which eutectic tetra?uoroethylene 
nickel is plated) Were also investigated. 

[0151] (1) Contact Angle 

[0152] The contact angle for each composition With 
respect to the material constituting the noZZle surface Was 
measured in accordance With the measurement method of 
the contact angle as stipulated in JIS K3211. 

[0153] (2) Viscosity 
[0154] The viscosity of each composition at 20° C. Was 
measured using Type E viscometer. 

[0155] (3) Surface Tension 

[0156] For the surface tension “y” of each composition, 
the measurement Was carried out by means of the drip 
method as folloWs. 

[0157] When a liquid is dripped gently from the mouth of 
a circular tube With ?at cut plane, a droplet falls as its Weight 
overcomes the surface tension. If the mass of the droplet is 
called “m”, the force pulling it doWnWard is “mg”, and the 
force pulling it upWard is 2J'cry(“r” is the outer radius of the 
mouth of the pipe). Based on the relationship betWeen the 
tWo forces, the surface tension “y” of the composition Was 
determined by measuring “m”. 

[0158] (4) Occurrence Frequency of Bend in Jetted Direc 
tion 

[0159] When the composition Was continuously dis 
charged (at a frequency of 7200 HZ), a time required until 
the bend in the jetted direction occurred Was measured. 

[0160] (5) Occurrence Frequency of Clogging of NoZZle 
Hole 

[0161] When the composition Was continuously dis 
charged (at a frequency of. 7200 HZ), a time required until 
the noZZle hole Was leaded to be impossible to discharge the, 
composition because of the clogging of the noZZle hole by 
the precipitated solid component of the composition, Was 
measured. 

[0162] The results of these experiments are shoWn in Table 
21. 

[0163] As shoWn in Table 21, each of the compositions in 
Examples 8 to 13 has markedly loWer values of the occur 
rence frequency of the bend in the jetted direction and the 
occurrence frequency of the clogging of the noZZle hole in 
comparison With those of Comparative Examples, and the 
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occurrence frequencies indicated by the values Were Within 
the range of the practical level. 

[0164] In particular, When all of the characteristics includ 
ing the contact angle, the viscosity and the surface tension 
of the compositions fall Within the ranges speci?ed by this 
invention, the occurrence frequency of the bend in the jetted 
direction and the occurrence frequency of the clogging of 
the noZZle hole Were loW level, so that it Was found that they 
Were extremely excellent compositions. 

[0165] In contrast, When the composition in Comparative 
Example 3 Was discharged, the occurrence frequency of the 
bend in the jetted direction and the occurrence frequency of 
the clogging of the noZZle hole Were high level since the 
composition of Comparative Example 3 has a tendency that 
the solid component in the composition is likely to stick at 
the periphery of the noZZle hole, so that it Was found this 
composition can not be practically used. 

[0166] The composition in Comparative Example 4 has a 
large value for the occurrence frequency of the bend in the 
jetted direction, so that it Was found that it is not suitable for 
?ne pattern formation. 

[0167] Further, for the composition in Comparative 
Example 5, the clogging of the noZZle occurred in a short 
time as soon as the discharge of the composition Was started, 
so that it could hardly discharge the composition. 

[0168] 5. Formation of Organic EL Element 

[0169] Then, by carrying out a vacuum deposition of 
aluminum quinolynol complex to Which no doping Was 
carried out, the electron injection and transfer layer 111 
having a thickness of 0.1 pm Was laminated on the lumi 
nescent layers Which Were formed of the respective compo 
sitions in. Examples 8 to 13. 

[0170] Finally, an Al—Li electrode having a thickness of 
0.8 pm Was formed as the cathode 113, respectively, by the 
deposition method, and thereby manufacturing the organic 
EL elements. 

[0171] 6. Evaluation of Luminescent Characteristics and 
Film Properties of the Luminescent Layer 

[0172] The luminescent characteristics and the ?lm prop 
erties of the luminescent layers formed from the composi 
tions of Examples 8 to 13 Were evaluated by the same 
methods as described above With reference to the description 
“2. Evaluation of Luminescent Characteristics and Film 
Properties of the Luminescent Layer”. 

[0173] The results of these evaluations are shoWn in Table 
22. 

[0174] As can be seen from Table 22, the luminescent 
characteristics and the ?lm properties of all of the lumines 
cent layers formed using the compositions of Examples 8 to 
13 Were excellent. Namely, it Was possible to obtain organic 
EL elements free from dark spots and have high luminance 
and long life. 

[0175] In the above, the compositions for the organic EL 
element and the methods of manufacturing the organic EL 
elements have been described for respective embodiments 
illustrated. HoWever, the present invention is not limited to 
these embodiments. Namely, in the method of manufactur 
ing the organic EL element, it may further includes a step of 
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inserting arbitrary intermediate layers such as a carrier 
transporting layer or a buffer layer betWeen the layers. As for 
the buffer layer, 1,2,4-triaZole (TAZ) derivative and the like 
can be mentioned, Which is effective for improving the 
luminance and the luminescence life. 

[0176] Further, the method may further include a step in 
Which surface treatment such as plasma treatment, UV 
treatment, coupling or the like are applied to surfaces of 
pixel electrode, an underlying layer and the like in order to 
facilitate the sticking of the EL materials. Further, the 
method may further include a step of forming a protective 
layer on the cathode. 

[0177] Furthermore, the material constituting the noZZle 
surface of the ink-jet device is not limited to those of the 
embodiments described above. 

[0178] Moreover, in the composition for the organic EL 
element of the present invention, the ?uorescent dye to be 
added for changing the luminescent characteristics is not 
limited to those of the embodiments as long as they can be 
dissolved and dispersed homogeneously into a solvent. 

[0179] As described in the above, according to the com 
positions for the organic EL element of the present inven 
tion, a rational design of the organic EL element is possible 
through Wide ranging selection of luminescent materials. In 
particular, When the composition for the organic EL element 
includes a precursor of a conjugated polymer based organic 
compound and a ?uorescent dye, it is possible to manufac 
ture an organic EL element Which realiZes a full color 
display since various kinds of luminescent layers can be 
obtained through the selection of various materials. In 
addition, it is possible to develop designs for various organic 
EL elements With high luminance and long life. 

[0180] Further, since conditions for a composition, such as 
contact angle, viscosity and surface tension can be freely set, 
the conditions suitable as a discharge liquid for the ink-jet 
method can be easily adjusted. 

[0181] According to the method of manufacturing the 
organic EL element, it is possible to employ the ink-jet 
method to the formation of a luminescent layer, a hole 
injection and transfer layer, and an electron injection and 
transfer layer. In that case, it is possible to carry out easily 
a high precise pattern formation in a short time Without the 
occurrence of the bend in the jetted direction of a discharge 
liquid and the occurrence of the clogging of the noZZle hole. 
In addition, the optimiZations of the ?lm design and the 
luminescent characteristic can be readily achieved, thereby 
enabling to form a luminescent layer and an EL layer Which 
are capable of easy adjustment of luminescence ef?ciency 
and have excellent durability. 

[0182] Further, according to the ink-jet method, conditions 
such as the ?lm thickness, the number of dots and the like 
can be adjusted arbitrarily, so that the siZe and the pattern of 
the luminescent element can also be set arbitrarily. 

[0183] Furthermore, according to the ink-jet method, the 
element can be formed Without being restrained by the 
dimensions of the substrate and the like since the head can 
be moved freely. Moreover, since required amounts of 
materials can be arranged at required locations, it is possible 
to maximally exclude the uselessness of Waste liquid and the 
like. 
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[0184] Finally, it is to be understood that the composition it is possible to make various changes and additions Without 
for the organic EL element according to the present inven- departing from the scope and spirit of the present invention 
tion is not limited to the embodiments described above, and as de?ned in the appended claims. 

TABLE 1 

Example 1 

Red l uminescent Layer Blue I uminescent Layer Green I uminescent Layer 

Amount of Amount of Amount of 
Composition Content (Wt %) Composition Content (Wt %) Composition Content (Wt %) 

Precursor PPV- 0.375 Precursor PPV- 0.375 Precursor PPV- 0.375 
precursor precursor precursor 

Wetting glycerin 5 Wetting glycerin 5 Wetting glycerin 5 
Agent diethylene- 10 Agent diethylene- 10 Agent diethylene- 10 

glycol glycol glycol 
Polar Water 1.231 Polar Water 1.231 Polar Water 1.231 
Solvent methanol 23.394 Solvent methanol 23.394 Solvent methanol 23.394 

DMF 60 DMF 60 DMF 60 
Fluorescent rhodamine B 0.0075 Fluorescent distyryl- 0.0075 Fluorescent Without — 
Dye (Ratio of Solid Dye biphenyl (Ratio of Solid Dye Fluorescent 

Portion of Portion of Dye 
Precursor: Precursor: 

2 Wt %) 2 Wt %) 

[0185] 

TABLE 2 

Example 2 

Red l uminescent Layer Blue I uminescent Layer Green I uminescent Layer 

Amount of Amount of Amount of 
Composition Content (Wt %) Composition Content (Wt %) Composition Content (Wt %) 

Precursor PPV- 0.375 Precursor PPV- 0.375 Precursor PPV- 0.375 
precursor precursor precursor 

Wetting glycerin 5 Wetting glycerin 5 Wetting glycerin 5 
Agent diethylene- 10 Agent diethylene- 10 Agent diethylene- 10 

glycol glycol glycol 
Polar Water 1.231 Polar Water 1.231 Polar Water 1.231 
Solvent methanol 23.394 Solvent methanol 23.394 Solvent methanol 23.394 

DMF 60 DMF 60 DMF 60 
Fluorescent rhodamine B 0.0075 Fluorescent distyryl- 0.0075 Fluorescent quinacridone 0.0075 
Dye (Ratio of Solid Dye biphenyl (Ratio of Solid Dye (Ratio of Solid 

Portion of Portion of Portion of 
Precursor: Precursor: Precursor: 

2Wt %) 2Wt %) 2Wt %) 

[0186] 

TABLE 3 

Example 3 

Red l uminescent Layer Blue I uminescent Layer Green I uminescent Layer 

Amount of Amount of Amount of 
Composition Content (Wt %) Composition Content (Wt %) Composition Content (Wt %) 

Precursor PPV- 0.375 Precursor PPV- 0.375 Precursor PPV- 0.375 
precursor precursor precursor 

Wetting glycerin 5 Wetting glycerin 5 Wetting glycerin 5 
Agent diethylene- 10 Agent diethylene- 10 Agent diethylene- 10 

glycol glycol glycol 
Polar Water 1.231 Polar Water 1.231 Polar Water 1.231 

Solvent methanol 23.394 Solvent methanol 23.394 Solvent methanol 23.394 
DMF 60 DMF 60 DMF 60 
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TABLE 3-c0ntinued 

Example 3 

Red I uminescent Layer Blue I uminescent Laver Green I uminescent Layer 

Amount of Amount of Amount of 
Composition Content (Wt %) Composition Content (Wt %) Composition Content (Wt %) 

Fluorescent rhodamine 101 0.0075 Fluorescent distyryl- 0.0075 Fluorescent Without — 

Dye (Ratio of Solid Dye biphenyl (Ratio of Solid Dye Fluorescent 
Portion of Portion of Dye 
Precursor: Precursor: 

2 Wt %) 2 Wt %) 

[0187] 

TABLE 4 

Example 4 

Red Luminescent Layer Blue Luminescent Layer Green Luminescent Layer 

Amount of Amount of Amount of 

Composition Content (Wt %) Composition Content (Wt %) Composition Content (Wt %) 

Pprecursor PPV- 0.375 Precursor PPV- 0.375 Precursor PPV- 0.375 
precursor precursor precursor 

Wetting glycerin 3 Wetting glycerin 3 Wetting glycerin 3 
Agent diethylene- 12 Agent diethylene- 12 Agent diethylene- 12 

glycol glycol glycol 
Polar Water 1.231 Polar Water 1.231 Polar Water 1.231 

Solvent methanol 23.394 Solvent methanol 23.394 Solvent methanol 23.394 
DMF 60 DMF 60 DMF 60 

Fluorescent rhodamine B 0.0075 Fluorescent coumarin 6 0.00375 Fluorescent Without — 

Dye (Ratio of Solid Dye (1 Wt %) Dye Fluorescent 
Portion of distyryl- 0.00375 Dye 
Precursor: biphenyl (1 Wt %) 
2 Wt %) 

[0188] 

TABLE 5 

(Example 5) 

Red Luminescent Layer Blue Luminescent Layer Green Luminescent Layer 

Amount of Amount of Amount of 

Composition Content (Wt %) Composition Content (Wt %) Composition Content (Wt %) 

Precursor PPV- 0.375 Precursor PPV- 0.375 Precursor PPV- 0.375 

precursor precursor precursor 
Wetting glycerin 3 Wetting glycerin 3 Wetting glycerin 3 
Agent diethylene- 12 Agent diethylene- 12 Agent diethylene- 12 

glycol glycol glycol 
Polar Water 1.231 Polar Water 1.231 Polar Water 1.231 

Solvent methanol 23.394 Solvent methanol 23.394 Solvent methanol 23.394 

DMF 60 DMF 60 DMF 60 

Fluorescent rhodamine B 0.0075 Fluorescent TPB 0.0075 Fluorescent quinacridone 0.0075 

Dye (Ratio of Solid Dye tetraphenyl- (Ratio of Solid Dye (Ratio of Solid 
Portion of butadiene Portion of Portion of 

Precursor: Precursor: Precursor: 

2Wt %) 2Wt %) 2Wt %) 
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[0189] 

TABLE 6 

Example 6 

Red lumine cent Laver Blue lumine cent Laver Green lumine cent Laver 

Amount of Amount of Amount of 
Composition Content (Wt %) Composition Content (Wt %) Composition Content (Wt %) 

Precursor PPV- 0.375 Precursor PPV- 0.375 Precursor PPV- 0.375 
precursor precursor precursor 

Wetting glycerin 5 Wetting glycerin 5 Wetting glycerin 5 
Agent diethylene- 10 Agent diethylene- 10 Agent diethylene- 10 

glycol glycol glycol 
Polar Water 1.231 Polar Water 1.231 Polar Water 1.231 
Solvent methanol 23.394 Solvent methanol 23.394 Solvent methanol 23.394 

DMF 60 DMF 60 DMF 60 
Fluorescent rhodamine B 0.0075 Fluorescent coumarin 0.0075 Fluorescent Without — 

Dye (Ratio of Solid Dye 138 (Ratio of Solid Dye Fluorescent 
Portion of Portion of Dye 
Precursor: Precursor: 

2 Wt %) 2 Wt %) 

[0190] 

TABLE 7 

Example 7 

Red l uminescent Laver Blue I uminescent Laver Green I uminescent Laver 

Amount of Amount of Amount of 
Composition Content (Wt %) Composition Content (Wt %) Composition Content (Wt %) 

Precursor CN-PPV- 0.375 Precursor CN-PPV- 0.375 Precursor CN-PPV- 0.375 

precursor precursor precursor 
Wetting glycerin 5 Wetting glycerin 5 Wetting glycerin 5 
Agent diethylene- 10 Agent diethylene- 10 Agent diethylene- 10 

glycol glycol glycol 
Polar Water 1.231 Polar Water 1.231 Polar Water 1.231 
Solvent methanol 23.394 Solvent methanol 23.394 Solvent methanol 23.394 

DMF 60 DMF 60 DMF 60 
Fluorescent Without — Fluorescent distyryl- 0.0075 Fluorescent quinacridone 0.0075 
Dye Fluorescent Dye biphenyl (Ratio of Solid Dye (Ratio of Solid 

Dye Portion of Portion of 
Precursor: Precursor: 

2 Wt %) 2 Wt %) 

[0191] 

TABLE 8 

(Comp. EX. 1) 

Red Luminescent Layer Blue Luminescent Layer Green Luminescent Layer 

Amount of Amount of Amount of 

Composition Content (Wt %) Composition Content (Wt %) Composition Content (Wt %) 

Host Alq3 99.0 Host Alq3 82.1 Host Alq3 98.95 
Dopant DCM-1 1.0 Dopant TPB 17.9 Dopant coumarin 6 1.05 
Wetting — — Wetting — — Wetting — — 

Agent — — Agent — — Agent — — 

Polar — — Polar — — Polar — — 

Solvent — — Solvent — — Solvent — — 
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[0192] 

TABLE 9 

Comp. Ex. 2 

Red lumine cent Laver Blue lumine cent Laver Green lumine cent Laver 

Amount of Amount of Amount of 
Composition Content (Wt %) Composition Content (Wt %) Composition Content (Wt %) 

Host Alq3 24.0 Host Alq3 7.1 Host Alq3 23.95 
Dopant DCM-1 1.0 Dopant TPB 17.9 Dopant coumarin 6 1.05 
Wetting glycerin 5 Wetting glycerin 5 Wetting glycerin 5 
Agent DEG 10 Agent DEG 10 Agent DEG 10 
Polar chloroform 10 Polar chloroform 10 Polar chloroform 10 
Solvent DMF 50 Solvent DMF 50 Solvent DMF 50 

[0193] 

TABLE 10 

Lumines 
cence 

Starting Wavelength 
Voltage Luminescence Luminance at Maximum 
[VH1] Life [hr] [cd/m2] Absorption [nm] 

R G B R G B R G B R G B 

Example 1 3 3 5 5000 5000 5000 2000 2000 2000 590 530 420 
Example 2 4 3 5 5000 5000 5000 2000 2000 2000 600 530 410 
Example 3 4 3 6 5000 5000 5000 2000 2000 2000 620 530 420 
Example 4 4 3 5 5000 5000 5000 2000 2000 2000 620 530 415 
Example 5 4 3 5 5000 5000 5000 2000 2000 2000 590 525 420 
Example 6 4 3 5 5000 5000 5000 2000 2000 2000 590 530 420 
Example 7 4 4 5 5000 5000 5000 2000 2000 2000 620 530 430 
Comp. Ex. 1 10 10 10 1000 1000 1000 1400 1200 1000 550 510 450 
Comp. Ex. 2 Impossible to form pattern 

[0194] 
TABLE 12-c0ntinued 

TABLE 11 
Example 8 

Stability in Film Formation 
Composition Name of Material Amount of Content (Wt %) 

R G B 
Wetting Agent glycerin 5 

Example 1 O O O diethylene glycol 10 
Example 2 O O 0 Polar Solvent DMF (N,N—dimethyl 60 
Example 3 Q Q Q formamide) 
Example 4 O O O Fluorescent rhodamine B 0.0075 
Example 5 O O O D e (Ratio of Solid Portion 
Example 6 Q Q G Y 
Example 7 O O O of Precursor 2 Wt %) 
Comp. Ex. 1 Q A X 
Comp. Ex. 2 Impossible to form pattern 

[0196] 
0195 [ 1 TABLE 13 

TABLE 12 Example 9 

Example 8 Composition Name of Material Amount of Content (Wt %) 

Composition Name of Material Amount of Content (Wt %) Precursor aqueous SOhltiOn Of 25 
PPV precursor (1.5 Wt %) 

Precursor aqueous solution of 25 (mixed solution of 
PPV precursor (1.5 Wt %) Water/methanol = 5/95) 
(mixed solution of Wetting Agent glycerin 5 
Water/methanol = 5/95) diethylene glycol 
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TABLE 13-c0ntinued 

Example 9 

Composition Name of Material Amount of Content (Wt %) 

Polar Solvent DMF (N,N—dimethyl 60 
formamide) 

Fluorescent distyrylbiphenyl 0.0075 
Dye (Ratio of Solid Portion 

of Precursor 2 Wt %) 

[0197] 

TABLE 14 

Example 10 

Composition Name of Material Amount of Content (Wt %) 

Precursor aqueous solution of 25 
PPV precursor (1.5 Wt %) 
(mixed solution of 
Water/methanol = 5/95) 

Wetting Agent glycerin 5 
diethylene glycol 10 

Polar Solvent DMF (N,N—dimethyl 60 

formamide) 
Fluorescent quinacridone 0.0075 
Dye (Ratio of Solid Portion 

of Precursor 2 Wt %) 

[0198] 

TABLE 15 

Example 11 

Composition Name of Material Amount of Content (Wt %) 

Precursor aqueous solution of 25 
PPV precursor (1.5 Wt %) 
(mixed solution of 
Water/methanol = 5/95) 

Wetting Agent glycerin 3 
diethylene glycol 12 

Polar Solvent DMF (N,N—dimethyl 60 
formamide) 

Fluorescent coumarin 6 0.0075 
Dye (Ratio of Solid Portion 

of Precursor 2 Wt %) 

[0199] 

TABLE 16 

Example 12 

Composition Name of Material Amount of Content (Wt %) 

Precursor aqueous solution of 25 
PPV precursor (1.5 Wt %) 
(mixed solution of 
Water/methanol = 5/95) 

Wetting Agent glycerin 5 
diethylene glycol 10 

Polar Solvent DMF (N,N—dimethyl 60 
formamide) 

Fluorescent 
Dye 

0.0075 
(Ratio of Solid Portion 
of Precursor 2 Wt %) 

TBP (tetraphenylbutadiene) 
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[0200] 

TABLE 17 

Example 13 

Composition Name of Material Amount of Content (Wt %) 

Precursor aqueous solution of CN- 25 
PPV precursor (1.5 Wt %) 
(mixed solution of 
Water/methanol = 5/95) 

Wetting Agent glycerin 5 
diethylene glycol 10 

Polar Solvent DMF (N,N—dimethyl 60 
formamide) 

Fluorescent quinacridone 0.0075 
Dye (Ratio of Solid Portion 

of Precursor 2 Wt %) 

[0201] 

TABLE 18 

Comp. Ex. 3 

Composition Name of Material Amount of Content (Wt %) 

Precursor aqueous solution of 50 
PPV precursor (1.5 Wt %) 
(mixed solution of 
Water/methanol = 5/95) 

Wetting Agent glycerin 20 
diethylene glycol 20 

Polar Solvent DMF (N,N—dimethyl 10 
formamide) 

Fluorescent quinacridone 0.0075 
Dye (Ratio of Solid Portion 

of Precursor 1 Wt %) 

[0202] 

TABLE 19 

Comp. Ex. 4 

Composition Name of Material Amount of Content (Wt %) 

Precursor aqueous solution of 25 
PPV precursor (1.5 Wt %) 
(mixed solution of 
Water/methanol = 5/95) 

Wetting Agent glycerin 0 
diethylene glycol 0 

Polar Solvent DMF (N,N—dimethyl 75 
formamide) 

Fluorescent coumarin 6 0.0075 
Dye (Ratio of Solid Portion 

of Precursor 2 Wt %) 

[0203] 

TABLE 20 

Comp. Ex. 5 

Composition Name of Material Amount of Content (Wt %) 

Precursor aqueous solution of 50 
PPV precursor (1.5 Wt %) 
(mixed solution of 
Water/methanol = 5/95) 






