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There is disclosed an organic EL display device comprising @
a transparent electrode, a counter electrode spaced away N S /\
from the transparent electrode, a light emitting layer inter- s @

posed between the transparent electrode and the counter @

el®

electrode, and a hole transferring layer interposed between
the transparent electrode and the light emitting layer. This
hole transferring layer comprises a triaryl amine compound
which can be represented by any one of the following
general formulas (8), (9), (10) and (11):
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ORGANIC ELECTRO-LUMINESCENT DISPLAY
DEVICE AND METHOD FOR MANUFACTURING
THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from the prior Japanese Patent Application
No. 2002-285538, filed Sep. 30, 2002, the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to an organic electro-
luminescent (EL) element, and to a method of manufactur-
ing the organic EL element.

[0004] 2. Description of the Related Art

[0005] In recent years, an electro-luminescent (EL) ele-
ment formed of a multi-layer film made from an organic
material is attracting much attention.

[0006] This organic EL element has been manufactured
mainly by two methods, i.e., a method utilizing vacuum
deposition of a low molecular material, and a method
utilizing the coating of a polymer solution. According to the
method utilizing the coating of a polymer solution, since it
is easy to manufacture an organic EL element having a large
display area, the method is suited in particular to manufac-
turing a full color display which is excellent in fineness and
large in display area by using an ink jet process.

[0007] As for the materials for the hole-transferring layer
the organic EL element, a triaryl amine-based compound has
been employed as a main example of low molecular weight
compounds, and also PEDOP.PSS has been employed as a
main example of high molecular weight compounds. How-
ever, this triaryl amine-based compound is not capable of
satisfying all of the features demanded of the organic EL
element. On the other hand, the PEDOP.PSS is accompanied
with the problem that since this material is of water disper-
sion type, it is impossible to completely eliminate water,
thus unduely limiting the life of the organic EL element.
These phenomena accompanied with these conventional
materials will be explained in detail as follows.

1. Field of the Invention

[0008] Any material for the hole-transferring layer is
generally demanded to have various properties such as 1) the
carrier mobility thereof is large; 2) it exhibits a minimal
barrier against hole injection from the electrode; 3) the glass
transition point thereof is high; 4) it is highly amorphous;
and 5) it is free from any moiety which may cause the
generation of a photooxidative deterioration reaction.

S0;. SO;H
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[0009] Among these features, the aforementioned features
1) and 2) are related to the performance of the organic EL
element, while the aforementioned features 3), 4) and 5) are
related to the life or reliability of the organic EL element.
Most important problems that have to be dealt with at
present in the employment of the organic EL element are the
life and reliability of the organic EL element.

[0010] Tt is known that as the organic EL element is
actuated, the interior of the organic EL element becomes hot
due to the Joule heat generated during the actuation thereof.
In the process wherein this heated portion is gradually
cooled, a partial crystallization of the organic component
may be caused to occur, resulting in non-uniformity of the
properties of the thin film thereof or resulting in damage to
the flatness of the surface around the crystallized portion of
the hole-transferring layer. As a result, the luminescence of
the organic EL element is caused to attenuate, or caused to
cease In the worst case. It is considerable, as one of the
means for preventing such a problem, to enhance the glass
transition temperature of the thin film. Since the mobility of
molecules is minimal under temperatures below the glass
transition temperature thereof, the crystallization of the thin
film can hardly take place. Therefore, it is possible, through
the enhancement of the glass transition temperature of the
thin film up to a point higher than the maximum temperature
of the organic EL element, to prevent the crystallization of
the thin film.

[0011] Another means for preventing the aforementioned
problem is to enhance the amorphousness of a compound. A
material exhibiting a high amorphousness is incapable of
easily generating the crystallization thereof even if it is
heated up to the glass transition temperature or more.

[0012] However, the achievement of only one of the
aforementioned features selected from high glass transition
point and high amorphousness would not lead to the real-
ization of desired properties of the organic EL element.
Therefore, there have been conducted extensive searches for
a compound which is capable of meeting not only the
aforementioned high glass transition temperature but also
the aforementioned high amorphousness.

[0013] Although the aforementioned studies have been
conducted mainly on triaryl amine-based compounds up to
date, no one has succeeded as yet to find a compound which
is capable of satisfying all of the aforemen- tioned desirable
properties.

[0014] On the other hand, the PEDOP.PSS which can be
employed in a polymer type organic EL element is a
compound having a structure represented by the following
chemical formula (7).

JQ
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[0015] In this PEDOPPSS, the PEDOP takes the role of
the carrier transferring capability, while the PSS takes the
role of stably dispersing the PEDOP.PSS in water. This
PEDOPPSS can be dispersed only in water, and hence the
thin film obtained from this PEDOP.PSS cannot be dissolved
by an organic solvent. Therefore, even if a luminescent layer
is formed on a thin film of this PEDOP.PSS (formed as a
hole transferring layer) by an ink jet, etc., using an organic
EL polymer dissolved in an organic solvent, there would be
little possibility of generating a mixed layer at an interface
between the hole transferring layer and the luminescent
layer.

[0016] However, it is very difficult to completely eliminate
water from the thin film even if the thin film of PEDOP.PSS
is subjected to a drying step after the coating of an aqueous
dispersion of PEDOP.PSS. The water remaining inside the
thin film is permitted to react with cathode, etc., thereby
degrading the life of the organic EL e¢lement.

[0017] As explained above, not only in the low molecular
type organic EL element, but also in the high molecular type
organic EL element, no one has succeeded as yet to find out
a satisfactory hole transferring material.

[0018] Further, recently, the employment of a phospho-
rescent compound as a luminescent layer of the organic EL
element has been attracting much attention. When a hole is
impinged against an electron inside the organic EL element,
a singlet exciton and a triplet exciton are caused to be
generated at a ratio of 1:3 in principle. A light-emitting
phenomenon that will be generated as a luminous moiety
returns from the singlet thereof to the ground state thereof is
called fluorescence. On the other hand, a light-emitting
phenomenon that will be generated as a luminous moiety
returns from the triplet thereof to the ground state thereof is
called phosphorescence. Judging from the ratio of excitons
generated, the light take-out efficiency of the EL element
would become higher when a phosphorescent compound
utilizing a triplet exciton is employed as compared with the
case where a fluorescent compound utilizing a singlet is
employed.

[0019] However, since phosphorescence is quenched by
the presence of oxygen, the degradation of the properties of
the EL element that may be caused by the influences of
residual water and air (oxygen) in the EL element would

become more prominent as compared with the organic EL
element where an ordinary fluorescent compound is
employed. Further, the PEDOPPSS that has been conven-
tionally employed as a material for the hole transferring
layer is incapable of satisfying the aforementioned condi-
tions.

BRIEF SUMMARY OF THE INVENTION

[0020] According to one aspect of the present invention,
there is provided an organic electro-luminescent display
device, comprising:

[0021]

[0022] a counter electrode spaced away from the
transparent electrode;

[0023] a light emitting layer interposed between the
transparent electrode and the counter electrode; and

[0024] a hole transferring layer interposed between
the transparent electrode and the light emitting layer,
the hole transferring layer comprising triaryl amine
compound represented by the following general for-
mula (1):

a transparent electrode;

)

Al
r\\I
v
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[0025]  (wherein Ar', Ar, Ar® and Ar” are individu-
ally substituted or unsubstituted aryl group or aro-
matic heterocyclic group with proviso that a situation
where a combination of groups (Ar', Ar®) is identical
with a combination of groups (Ar’, Ar?) is excluded;
A and B may be the same with or different from each
other and are individually substituted or unsubsti-
tuted aryl group or aromatic heterocyclic group; k
and m are respectively an integer; X is a heteroatom;
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j is an integer of 1 or more; n is an integer of 1 or
more; R?, R*, R® and R* may be the same with or
different from each other and are individually hydro-
gen atom, straight or branched substituted or unsub-
stituted alkyl group, alkoxy group or aryl group
wherein the alkyl groups or alkoxy groups which are
bonded to neighboring carbon atom may be con-
nected together to form a closed ring.)

[0026] According to another aspect of the present inven-
tion, there is provided an organic electro-luminescent dis-
play device, comprising:

[0027]

[0028] a counter electrode spaced away from the
transparent electrode;

[0029] a light emitting layer interposed between the
transparent electrode and the counter electrode; and

[0030]

a transparent electrode;

a hole transferring layer interposed between

the transparent electrode and the light emitting layer,
the hole transferring layer comprising triaryl amine
compound represented by the following general for-
mula (3):

[0031] (wherein Ar', Ar®, Ar’ and Ar* may be the same
with or different from each other and are individually
substituted or unsubstituted aryl group or aromatic hetero-
cyclic group with proviso that a situation where a combi-
nation of groups (Ar', Ar®) is identical with a combination
of groups (Ar®, Ar") is excluded; R, R*?, R*3, R, R",
R*, R? and R'® may be the same with or different from
each other and are individually hydrogen atom, straight or
branched substituted or unsubstituted alkyl group, alkoxy
group or aryl group; j is an integer of 1 or more; and n is an
integer of 1 or more.)

[0032] According to a another aspect of the present inven-
tion, there is provided an organic electro-luminescent dis-
play device, comprising:

[0033]

[0034] a counter electrode spaced away from the
transparent electrode;

[0035] a light emitting layer interposed between the
transparent electrode and the counter electrode; and

[0036] a hole transferring layer interposed between
the transparent electrode and the light emitting layer,

a transparent electrode;
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the hole transferring layer comprising triaryl amine
compound represented by the following general for-
mula (5):

®

[0037] (wherein Ar'" is substituted or unsubstituted phe-
nyl group, naphthyl group, tetrahydronaphthyl group or
heterocyclic group constituted by a single ring; Ar'? and
Ar may be the same with or different from each other and
are individually substituted or unsubstituted phenyl group or
heterocyclic group constituted by a single ring; and R*, R?,
R? and R* may be the same with or different from each other
and are individually hydrogen atom, straight or branched
substituted or unsubstituted alkyl group, alkoxy group or
aryl group wherein the alkyl groups or alkoxy groups which
are bonded to neighboring carbon atom may be connected
together to form a closed ring.)

[0038] According to a another aspect of the present inven-
tion, there is provided an organic electro-luminescent dis-
play device, comprising:

[0039]

[0040] a counter electrode spaced away from the
transparent electrode;

[0041] a light emitting layer interposed between the
transparent electrode and the counter electrode; and

[0042] a hole transferring layer interposed between
the transparent electrode and the light emitting layer,
the hole transferring layer comprising triaryl amine
compound represented by the following general for-
mula (6):

a transparent electrode;

©®

Arl
~
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[0043] (wherein Ar’, A, Ar® and Ar* are individually
substituted or unsubstituted aryl group or aromatic hetero-
cyclic group with proviso that a situation where a combi-
nation of groups (Ar', Ar®) is identical with a combination
of groups (Ar®, Ar') is excluded.)

[0044] According to a further aspect of the present
invention, there is provided a method of manufac-
turing the organic electro-luminescent display device
of one aspect of the present invention, the method
comprising:



US 2004/0062950 Al

[0045]

[0046] forming a hole transferring layer on the trans-
parent electrode, the hole transferring layer compris-
ing triaryl amine compound represented by the fol-
lowing general formula (1);

[0047] forming a light emitting layer on the hole
transferring layer; and

[0048] forming a counter electrode above the light
emitting layer;

[0049] wherein at least one of the hole transferring
layer and the light emitting layer is patterned by
photolithography.

forming a transparent electrode on a substrate;

@

Arl\
/N

Ar? \(\A

[0050] (wherein Ar', Ar?, Ar’ and Ar* are individually
substituted or unsubstituted aryl group or aromatic hetero-
cyclic group with proviso that a situation where a combi-
nation of groups (Ar', Ar?) is identical with a combination
of groups (Ar’, Ar") is excluded; A and B may be the same
with or different from each other and are individually
substituted or unsubstituted aryl group or aromatic hetero-
cyclic group; k and m are respectively an integer; X is a
heteroatom; j is an integer of 1 or more; n is an integer of 1
or more; R*, R%, R? and R* may be the same with or different
from each other and are individually hydrogen atom, straight
or branched substituted or unsubstituted alkyl group, alkoxy
group or aryl group wherein the alkyl groups or alkoxy
groups which are bonded to neighboring carbon atom may
be connected together to form a closed ring.)

[0051] According to a further aspect of the present inven-
tion, there is provided a method of manufacturing the
organic electro-luminescent display device of another aspect
of the present invention, the method comprising:

[0052]

[0053] forming a hole transferring layer on the trans-
parent electrode, the hole transferring layer compris-
ing triaryl amine compound represented by the fol-
lowing general formula (3);

[0054] forming a light emitting layer on the hole
transferring layer; and

[0055] forming a counter electrode above the light
emitting layer;

[0056] wherein at least one of the hole transferring
layer and the light emitting layer is patterned by
photolithography.

forming a transparent electrode on a substrate;
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[0057] (wherein Ar', Ar®, Ar® and Ar* may be the same
with or different from each other and are individually
substituted or unsubstituted aryl group or aromatic hetero-
cyclic group with proviso that a situation where a combi-
nation of groups (Ark, Ar®) is identical with a combination
of groups (Ar>, Ar') is excluded; R™, R*?, R*3, R™, RY,
R*, R' and R'® may be the same with or different from
each other and are individually hydrogen atom, straight or
branched substituted or unsubstituted alkyl group, alkoxy
group or aryl group; j is an integer of 1 or more; and n is an
integer of 1 or more.)

[0058] According to a further aspect of the present inven-
tion, there is provided a method of manufacturing the
organic electro-luminescent display device of another aspect
of the present invention, the method comprising:

[0059]

[0060] forming a hole transferring layer on the trans-
parent electrode, the hole transferring layer compris-
ing triaryl amine compound represented by the fol-
lowing general formula (5);

[0061] forming a light emitting layer on the hole
transferring layer; and

[0062] forming a counter electrode above the light
emitting layer;

[0063]

forming a transparent electrode on a substrate;

wherein at least one of the hole transferring

layer and the light emitting layer is patterned by
photolithography.

®

[0064] (wherein Ar™ is substituted or unsubstituted phe-
nyl group, naphthyl group, tetrahydronaphthyl group or
heterocyclic group constituted by a single ring; Ar'> and
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Ar*® may be the same with or different from each other and
are individually substituted or unsubstituted phenyl group or
heterocyclic group constituted by a single ring; and R*, R?,
R? and R* may be the same with or different from each other
and are individually hydrogen atom, straight or branched
substituted or unsubstituted alkyl group, alkoxy group or
aryl group wherein the alkyl groups or alkoxy groups which
are bonded to neighboring carbon atom may be connected
together to form a closed ring.)

[0065] According to a further aspect of the present inven-
tion, there is provided a method of manufacturing the
organic electro-luminescent display device of another aspect
of the present invention, the method comprising:

[0066]

[0067] forming a hole transferring layer on the trans-
parent electrode, the hole transferring layer compris-
ing triaryl amine compound represented by the fol-
lowing general formula (6);

[0068] forming a light emitting layer on the hole
transferring layer; and

[0069] forming a counter electrode above the light

emitting layer;

[0070] wherein at least one of the hole transferring
layer and the light emitting layer is patterned by
photolithography.

forming a transparent electrode on a substrate;

©

[0071] (wherein Ar', Ar?, Ar’ and Ar”* are individually
substituted or unsubstituted aryl group or aromatic hetero-
cyclic group with proviso that a situation where a combi-
nation of groups (Ar, Ar) is identical with a combination
of groups (Ar®, Ar*) is excluded.)

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0072] FIG. 1 is a cross-sectional view schematically
illustrating the structure of a low molecular type organic
electro-luminescent display device according to one
embodiment of the present invention; and

[0073] FIG. 2 is a cross-sectional view schematically
illustrating the structure of a high molecular type organic
electro-luminescent display device according to one
embodiment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0074] The present inventors have found out that a com-
pound having a couple of asymmetrical triaryl amine moi-
eties which are linked to each other by a heterocycle is
capable of exhibiting not only high amorphousness but also
high glass transition point. Furthermore, it has been also
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found out by the present inventors that when the aforemen-
tioned compound is employed as a material for a hole
transferring layer, it is possible to improve the life and
reliability of an organic EL display device, thus accomplish-
ing the present invention.

[0075] As for the aryl group that can be introduced as Ar?,
Ar*, Ar® and Ar” into the aforementioned general formula
(1), it is possible to employ phenyl group, biphenyl group,
naphthyl group, fluorene skeleton and fluorenone skeleton.
Further, as for the aromatic heterocyclic group, it is possible
to employ thiophene ring, selenophene ring and pyrrole ring
for instance. Any of hydrogen atoms included in these aryl
groups and aromatic heterocyclic group may be substituted
by an alkyl group, an alkoxy group, a fused ring constituted
by neighboring substituent groups forming this cyclic struc-
ture, or a halogen atom.

[0076] Incidentally, when a couple of right and left triaryl
amine moieties in the compound represented by the afore-
mentioned general formula (1) are different in molecular
structure, the effect of high amorphousness due to this
asymmetry in molecular structure will be more prominently
manifested. Therefore, such a molecular structure where a
combination of groups (Ar', Ar) is identical with a com-
bination of groups (Ar’, Ar*) is undesirable and hence
should be excluded from the scope of the present invention.
When all of Ar', Ar%, Ar® and Ar* are constituted by different
molecular structures from each other, this high amorphous-
ness would become more prominent and hence such a
structure is more desirable.

[0077] Tt is desirable, in order to enhance the glass tran-
sition point of a compound, to introduce a rigid substituent
group such as aryl group (such as naphthyl group) or
aromatic heterocyclic group (such as oligothiophene ring)
into at least one of groups (Ar', Ar) or into at least one of
groups (Ar®, Ar*). If the aforementioned high amorphous-
ness Is to be retained, the rigid group mentioned above
should preferably be introduced into only one of the triaryl
amine moieties, i.e. either the right triaryl amine or the left
triaryl amine.

[0078] The aforementioned aryl group and aromatic het-
erocyclic group can be introduced, as A and B, introduced in
the aforementioned general formula (1). The symbols k and
m in this general formula (1) are respectively an integer, and
hence if all of these k and m are zero, the vapor deposition
performance of the compound would be enhanced on the
occasion of fabricating the EL display device. On the other
hand, if any one of these k and m is permitted to exist, it
would be advantageous in enhancing the amorphousness of
the molecule.

[0079] Alinkage portion between a couple of triaryl amine
moieties should preferably be constructed such that the
torsion angle between the aromatic rings is large. Namely,
when the torsion angle between these right and left triaryl
amine moieties is large, the flatness of the molecule would
be deteriorated as a whole, thereby making it possible to
enhance the amorphousness owing to the effect of this
asymmetric structure. On the other hand, if this couple of
triaryl amine moieties are identical in structure with each
other, it would be impossible to derive the effect of this
torsion angle, thus failing to secure the aforementioned high
amorphousness and hence considerably deteriorating the
characteristics of the molecule.
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[0080] In order to realize the aforementioned high amor-
phousness derived from the torsion of the ring, the number
of hetero ring at the linkage portion is required to be at least
two.

[0081] As for the alkyl groups to be introduced as R, R?,
R? and R** into the hetero ring in the aforementioned general
formula (1), it is possible to employ, for example, a linear
structure thereof such as methyl group, ethyl group, propyl
group, butyl group, pentyl group, hexyl group, heptyl group,
octyl group, etc. and a branched structure thereof. Neigh-
boring alkyl groups may be connected with each other to
form a ring. Further, as for alkoxy group, it is possible to
employ, for example, a group having oxygen atom intro-
duced into a bonding portion of any one of the aforemen-
tioned alkyl groups. As for aryl group, it is possible, for
example, phenyl group, biphenyl group, naphthyl group and
aromatic heterocycle. Any of hydrogen atoms included in
these alkyl group, alkoxy groups, and aryl group may be
substituted for example by deuterium atom, fluorine atom,
chlorine atom, etc.

[0082] As for the heteroatom X, it is possible to employ,
for example, S, Se, Si, Ge, O and N. Because of richness in
electron and excellence in stability, the employment of S is
preferable in particular.

[0083] As described above, n is an integer of 1 or more,
and there is not any particular limitation with regard to the
upper limit thereof. And j is an integer of 1 or more, and
there is not any particular limitation with regard to the upper
limit thereof. However, in view of the vapor deposition
capability of the compound when it is employed for the
fabrication of a low molecular type organic EL display
device, the upper limit of (n+j) should preferably be within
about 10.

[0084] To further enhance the amorphousness of mol-
ecule, the introduction of a polar group into a specific site of
the molecule would be effective. In particular, the introduc-
tion of fluorine atom or a substituent group containing
fluorine atom to a specific site of the molecule would be
effective. It has been found, as a result of intensive studies
made by the present inventors, that when fluorine atom or a
substituent group containing fluorine atom is introduced into
only one of the aryl amine moieties in the aforementioned
general formula (1), it is possible to improve the amorphous-
ness of the thin film. Specifically, it is preferable to employ
a compound represented by said general formula (1) wherein
at least one of (Ar', Ar) contains fluorine atom, and none of
(Ar®, Ar*) include fluorine atom, or a compound represented
by said general formula (1) wherein at least one of (Ar?, Ar*)
contains fluorine atom, and none of (Ar', Ar®) contain
fluorine atom. Fluorine atom may be introduced into the
aforementioned compound by directly substituting fluorine
atom for any one of hydrogen atoms included in Ar', A,
Ar or Ar*. Alternatively, fluorine atom may be introduced
into the aforementioned compound by substituting a sub-
stituent group containing fluorine atom for any one of
hydrogen atoms included in Ar?, Ar?, Ar® or Ar*. As for the
substituent group containing fluorine atom, it is possible to
employ, for example, alkyl group containing therein fluorine
atom or alkoxy group containing therein fluorine atom,
examples of which including perfluoroalkyl group (C F, +
1) such as trifluoromethyl group (CF;), C,Fs, C5F,, C,F,,
etc.; perfluoroalkoxy group such as OCFE;, OC,F;, OC,F,,
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etc; —(CH,),(CF,),,CF, and —O(CH,),(CF,),.CF;
(wherein n and m are respectively an integer of 1 or more).

[0085] More preferable examples of the triaryl amine
compound represented by the aforementioned general for-
mula (1) are those having a structure represented by the
following general formula (2):

@

[0086] (wherein Ar', Ar%, Ar® and Ar* are individually
substituted or unsubstituted aryl group or aromatic hetero-
cyclic group with proviso that a situation where a combi-
nation of groups (Ar', Ar’) is identical with a combination
of groups (Ar®, Ar*) is excluded; R*, R%, R” and R* may be
the same with or different from each other and are individu-
ally hydrogen atom, straight or branched substituted or
unsubstituted alkyl group, alkoxy group or aryl group
wherein the alkyl groups or alkoxy groups which are bonded
to neighboring carbon atom may be connected together to
form a closed ring; and n is an integer of 1 or more.)

[0087] In the aforementioned general formula (2), a
couple of right and left triaryl amine moieties are linked
together by oligothiophene. Although this oligothiophene is
linear in structure, the torsion angle between these rings is
relatively large, thereby making it possible to enhance the
asymmetry of the molecule as a whole as a large substituent
group is bonded to both ends of the molecule.

[0088] Next, the asymmetry of the molecule will be
explained with reference to a more specific compound. The
following general formula (4) denotes one example of the
compound represented by the aforementioned general for-
mula (2) wherein Ar', Ar® and Ar* are respectively consti-
tuted by phenyl group; Ar” is constituted by naphthyl group;
and n is 1.

O
R! R?
yaWade
<\
: R4
@ R3
[0089] Since naphthyl group is introduced into only one of

the triaryl amine moieties, it is possible to secure desirable
characteristics such as high glass transition point and high
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amorphousness. Moreover, since the linking portion
between a couple of triaryl amine moieties is constituted by
thiophene, the asymmetry of the molecule can be enhanced
as explained above.

[0090] The compound represented by the aforementioned
general formula (4) can be represented by the following
general formula (5):

®)

[0091] In this general formula (5), Ar™ is substituted or
unsubstituted phenyl group, naphthyl group, tetrahy-
dronaphthyl group or heterocyclic group constituted by a
single ring; Ar'® and Ar'®> may the same with or different
from each other and are individually substituted or unsub-
stituted phenyl group or heterocyclic group constituted by a
single ring; and R, R%, R? and R” are the same with those
illustrated with reference to the aforementioned general
formula (1).

[0092] As already explained above, when a compound
represented by the general formula (5) is formulated such
that at least one of (Ar'?, Ar'®) contains fluorine atom, and
that none of (Ar'!, biphenyl) include fluorine atom, or when
a compound represented by the general formula (5) is
formulated such that at least one of (Ar*, biphenyl) contains
fluorine atom, and that none of (Ar'?, Ar*®) contain fluorine
atom, the amorphousness of the compound can be preferably
enhanced.

[0093] The hole transferring layer of organic EL display
device according to another embodiment of the present
invention comprises a compound represented by the follow-
ing general formula (3):

®
Rll RIZ R13
o 0
P
Arz/ \ S
[0094] As already explained with reference to the general

formula (1), substituted or unsubstituted aryl group as well
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as substituted or unsubstituted aromatic heterocyclic group
can be also introduced as Ar?, Ar?, Ar® and Ar* into the
compound represented by the following general formula (3).

[0095] When a compound represented by the general
formula (3) is formulated such that at least one of (Ar*, Ar®)
contains fluorine atom, and that none of (Ar>, Ar*) include
fluorine atom, or when a compound represented by the
general formula (3) is formulated such that at least one of
(Ar?, Ar*) contains fluorine atom, and that none of (Ar*, Ar?)
contain fluorine atom, the amorphousness of the compound
can be preferably enhanced.

[0096] As for the specific examples of alkyl group, alkoxy
group and aryl group which can be introduced as R', R*?,
R, R R*, R*®, R” and R*® into the compound repre-
sented by the following general formula (3), it is possible to
employ the same kinds groups as already explained above.
In order to realize high amorphousness of the compound
through the enhancement of asymmetry of molecule, the
groups to be introduced into these Rs should preferably be
different from each other.

[0097] Further, because of the same reason, the upper limit
of n should preferably be within about 10.

[0098] As shown in the aforementioned general formula
(3), the hole transferring capability thereof can be further
enhanced by the cyclization of the substituent groups of
oligothiophene constituting the linking portion of the com-
pound.

[0099] The hole transferring layer of organic EL display
device according to a further embodiment of the present
invention comprises a compound represented by the follow-
ing general formula (6):

Arl\N
Ar2/ TS / /lT\ 3
N s N/Ar
\Ar4

[0100]  As for the groups to be introduced into Ar', AP,
Ar and Ar* in this general formula (6), it is possible to
employ the same kinds of groups as already explained with
reference to the general formula (1).

[0101] When a compound represented by the general
formula (6) is formulated such that at least one of (Ar', Ar®)
contains fluorine atom, and that none of (Ar®, Ar*) include
fluorine atom, or when a compound represented by the
general formula (6) is formulated such that at least one of
(Ar?, Ar*) contains fluorine atom, and that none of (Ar*, Ar?)
contain fluorine atom, the amorphousness of the compound
can be preferably enhanced.

[0102] In this compound represented by the general for-
mula (6), two kinds of heteroatoms, i.c. sulfur atom and
nitrogen atom are introduced into specific sites of the hetero

©®
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ring linking a couple of triaryl amine moieties. As a result,
it is possible to further enhance the amorphousness of the
compound.

[0103] The compounds described above can be suitably
employed as a material for the hole transferring layer of the
low molecule type organic electro-luminescent display
device. One example of this low molecule type organic
electro-luminescent display device is illustrated in FIG. 1.

[0104] In this organic electro-luminescent display device
shown in FIG. 1, a laminate structure comprising a hole
transferring layer 12, a light emitting layer 13, an electron
transferring layer 14 and a counter electrode (metal elec-
trode) 15 is disposed on the surface of a glass substrate 9
having thereon a transparent electrode (anode) 10 formed of
ITO for instance. The hole transferring layer 12 may be a
laminated layer comprising a buffer layer containing phtha-
locyanine. A laminate including an electron injection layer
or an anode buffer layer between the light emitting layer 13
and the transparent electrode. The counter electrode may be
constituted by Al for instance, and an MgF, buffer layer (not
shown) may be disposed below this counter electrode. This
laminate structure can be sealed by a sealing cap 16 wherein
a sealing portion 11 is provided at an end portion of this
sealing cap 16. Furthermore, a desiccating agent is disposed
on the top of this sealing cap 16.

[0105] As for the materials for manufacturing the hole
transferring layer 12 of the organic electro-luminescent
display device constructed in this manner, the compounds as
already explained above can be suitably employed.

[0106] When these compounds are polymerized or cross-
linked, they can be employed for manufacturing the hole
transferring layer of a high molecular type organic electro-
luminescent display device. One example of such a high
molecular type organic EL display device is illustrated in
FIG. 2.

[0107] In this high molecular type organic electro-lumi-
nescent display device shown in FIG. 2, a laminate structure
comprising a transparent electrode (anode) 10 formed of
ITO for instance, a hole transferring layer 12, a polymeric
light emitting layer 22, and a buffer layer 23 is disposed on
the surface of a glass substrate 9 which is provided with a
transistor 18. This laminate structure is isolated by a barrier
19, and a counter electrode (silver electrode) 21 is deposited
all over the surface. Furthermore, a sealing film 20 is
disposed thereover.

[0108] The polymerization of the compounds represented
by the aforementioned general formulas (1), (2) and (3) can
be performed by the reaction thereof with cinnamaldehyde
or a derivative thereof for instance. As shown in the follow-
ing reaction formula (1), first of all, when two or more aryl
groups of the aryl amine are phenyl groups, the aldehyde
group of cinnamaldehyde reacts with the phenyl group. The
reactivity of this phenyl group is of ortho-para orientation.
Since the ortho position suffers from steric hindrance, the
reactivity of the phenyl group will be deteriorated so that as
a matter of fact, the reaction selectively proceeds only at the
para position, thereby generating a polymer of low molecu-
lar weight.
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Reaction Formula (1)
CH=CH—CHO

General Formulas (1) (2) (3) Cinnamal dehyde

uv
Polymer —— Crosslinked body (insoluble in organic solvent)

[0109] The polymer obtained from this reaction is soluble
in some kinds of organic solvent, and contains therein a
linkage which is still unsaturated. Then, a thin film contain-
ing this polymer is formed, and the unsaturated linkage is
polymerized by UV irradiation, thereby obtaining a
crosslinking structure. As a result, a polymeric thin film
insoluble to organic solvents can be formed.

[0110] After this polymeric thin film which is insoluble to
organic solvents is formed as a hole transferring layer 12, a
solution containing an organic EL polymer dissolved therein
is formed into a film by an ink jet to form a polymeric light
emitting layer 22. In this case, since the crosslinked body
constituting the hole transferring layer 12 is insoluble to
organic solvents, there is little possibility of generating a
mixed layer between the hole transferring layer and the
polymeric light emitting layer. Moreover, since the employ-
ment of water is not required in this case in contrast to the
conventional PEDOT.PSS, the life of the display device can
be considerably enhanced in terms of waterproofing.
Namely, the hole transferring layer can be formed by a
Non-aqueous Process.

[0111] Further, by using this method, the hole transferring
layer can be patterned by photolithography. Specifically, the
polymer obtained from the aforementioned reaction formula
(1) is dissolved in a solvent such as toluene, anisole, tetralin
or a derivative thereof to prepare a solution. Then, by
suitable method such as spin coating, this solution is coated
on the surface of a predetermined substrate to form a film.
Further, by using a mask, only the pixel region is subjected
to a patterning irradiation of ultraviolet rays, thereby selec-
tively crosslinking on the film of the exposure region (pixel
region). The exposure dose of ultraviolet rays on this occa-
sion may be in the range of 10 to 200 mJ/cm® for example.
If this exposure dose is less than 10 ml/cm?, it would be
difficult to sufficiently crosslink the exposure region. On the
other hand, if this exposure dose is larger than 200 mJ/cm?,
part of the polymer would be deteriorated photochemically,
thereby giving rise to the attenuation in intensity of light
emission. Finally, the film is subjected to development using
an organic solvent such as toluene to dissolve and remove
the film located at the non-exposure region, thus making it
possible to selectively form the hole transferring layer only
within the regions of pixel. For example, this development
may be performed, after the patterning irradiation of the
film, by immersing the film in an organic solvent for a period
ranging from 1 to 10 minutes. As for the organic solvent
employed in this case, it is possible to employ, for example,
hexane, xylene or alcohols such as methanol.

[0112] Tt is possible, in this method, to perform the afore-
mentioned patterning by using photolithography instead of
employing the ink jet method. When an organic EL display
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device having a large display area is formed by the ink jet
method, it would take a long period of time. Furthermore,
the ink employed in the execution of the ink jet method is
required to meet a number of specific conditions, thus
restricting the manufacture of the organic EL display device.
Whereas when the photolithography is employed for the
execution of aforementioned patterning, these inconve-
niences involved in the ink jet method can be overcome.

[0113] The aforementioned method of performing the pat-
terning of the hole transferring layer of the organic EL
display device is also applicable to the formation of a light
emitting layer. In the case, a compound represented by the
following chemical formula (P2) can be employed as a light
emitting material:

(¥2)

peel e

[0114] Namely, first of all, this compound is allowed to
react with cinnamaldehyde to prepare a linear polymer
which is soluble in an organic solvent. Then, a solution of
this polymer is coated on the surface of a predetermined
substrate to form a film, which is then subjected to a
patterning irradiation by using UV, thus making it possible
to form a light emitting layer by photolithography.

[0115] The light emitting layer formed on the hole trans-
ferring layer obtained by the aforementioned non-aqueous
process should preferably be constituted by a phosphores-
cent compound containing a metal complex. A metal com-
plex is accompanied with a problem that the ligand thereof
will be eliminated as it is contacted with water, especially
when it is contacted with strong acid or strong base (ligand
exchange), resulting in a prominent decrease in lumines-
cence intensity. Conventionally, PEDOP.PSS has been
employed as a material for the hole transferring layer. Since
this PEDOP.PSS is hydrophilic, it is impossible to com-
pletely remove water therefrom. Moreover, since this
PEDOPPSS is highly acidic, when a light emitting layer
constituted by a phosphorescent compound is formed on the
hole transferring layer made of this PEDOP.PSS, the life of
the light emitting layer would be extremely shortened. In
spite of the advantages of the phosphorescent compound that
it is excellent in emission efficiency and quite suited for use
in a high-efficiency organic EL display device, it has been
considered difficult to actually employ the phosphorescent
compound because of the aforementioned reasons.
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[0116] Whereas, when a method employing a non-aqueous
process or a photolithography process is employed, it is free
from any residual water as well as from the problem of
acidity. As a result, it is possible to manufacture an organic
EL display device excellent in the luminescent take-out
efficiency and long in life.

[0117] As for the specific examples of this phosphorescent
compound for forming the light emitting layer, it is prefer-
able to employ an iridium complex because of the facts that
the iridium complex is excellent in quantum efficiency and
relatively high in stability.

[0118] As for specific examples of this iridium complex, it
is possible to employ the following compounds represented
by the following chemical formula (13).

CHQ_CHQ CHZ_CHZ
I |
A’ X

m \RO

(13)

CH2 I CH2
+ [
B0
n

s

[0119]

or more.

[0120] Alternatively, a complex of rare earth elements
such as europium, terbium, gadolinium, etc. can be also
employed as a phosphorescent compound.

[0121] Next, the present invention will be further
explained in detail with reference to the following embodi-
ments. However, these embodiments are not intended to
limit the scope of the present invention.

[0122] Compounds represented by the following chemical
formulas (8), (9), (10) and (11) were prepared as a hole
transferring layer.

wherein m, n and s are respectively an integer of 1
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[0123] These compounds were synthesized according to
the following procedures. Namely, first of all, thiophene
dihalide polymer and triaryl amine halide were cross-
coupled in the presence of a Ni catalyst. On this occasion,
two kinds of triaryl amine were concurrently reacted-with
one kind of thiophene dihalide polymer to produce four
kinds of compounds, which were separated by using liquid
chromatography (HPLC), thus obtaining each of these com-
pounds.

EXAMPLE 1

[0124] A material represented by the aforementioned
chemical formula (8) for forming a hole transferring layer
was vapor-deposited on the surface of an ITO-attached
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substrate to form the hole transferring layer, thus preparing
a low molecular type organic EL display device having a
structure as shown in FIG. 1. More specifically, an [TO
(indium-tin-oxide) film having a thickness of 100 nm was
formed as a transparent electrode (anode) 10 on the surface
of a glass substrate 9. Then, a compound represented by the
aforementioned chemical formula (8) was vapor-deposited
on the transparent electrode 10 to form a hole transferring
layer 12 having a thickness of 60 nm.

[0125] Alg, (tris(8-quinolilato)aluminum) was employed
as a material for the light emitting layer 13 and vapor-
deposited on the hole transferring layer 12 to form the light
emitting layer 13. An MgF, buffer layer having a thickness
of about 10 nm was deposited over the light emitting layer
13, and then, an Al film having a thickness of about 200 nm
was deposited thereon as a counter electrode (cathode).

[0126] The resultant structure was covered with a sealing
cap 16 made of a fluororesin to fabricate a sealed portion 11,
on which silica gel was disposed as a desiccating agent 17,
thus manufacturing a low molecular type organic EL display
device as shown in FIG. 1.

[0127] The EL display device thus obtained was subjected
to a continuously actuation for ten thousand hours while
applying a voltage of 15V thereto. As a result, the deterio-
ration in luminance thereof was confined within 30%, and
any pixel which ceased to emit any longer was not recog-
nized at all.

EXAMPLE 2

[0128] The same procedures as explained in Example 1
were repeated except that as a material for the hole trans-
ferring layer, a compound represented by the aforemen-
tioned chemical formula (9) was substituted for the com-
pound employed in Example 1 as a material for the hole
transferring layer, thereby manufacturing a low molecular
type organic EL display device as shown in FIG. 1.

[0129] The EL display device thus obtained was subjected
to a continuously actuation for ten thousand hours in the
same manner as conducted in Example 1. As a result, the
luminance thereof after this experiment was found 80%
relative to the initial value of luminance, and any pixel
which ceased to emit any longer was not recognized at all.

EXAMPLE 3

[0130] The same procedures as explained in Example 1
were repeated except that as a material for the hole trans-
ferring laver, a compound represented by the aforemen-
tioned chemical formula (10) was substituted for the com-
pound employed in Example 1 as a material for the hole
transferring layer, thereby manufacturing a low molecular
type organic EL display device as shown in FIG. 1.

[0131] The EL display device thus obtained was subjected
to a continuously actuation for ten thousand hours in the
same manner as conducted in Example 1. As a result, the
deterioration in luminance thereof was confined within 20%,
and any pixel which ceased to emit any longer was not
recognized at all. Since the compound employed in this
example was especially large in asymmetry of the molecular
structure thereof, it was considered possible to prevent the
generation of defects such as partial crystallization.
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EXAMPLE 4

[0132] The same procedures as explained in Example 1
were repeated except that as a material for the hole trans-
ferring layer, a compound represented by the aforemen-
tioned chemical formula (11) was substituted for the com-
pound employed in Example 1 as a material for the hole
transferring layer, thereby manufacturing a low molecular
type organic EL display device as shown in FIG. 1.

[0133] The EL display device thus obtained was subjected
to a continuously actuation for ten thousand hours in the
same manner as conducted in Example 1. As a result, the
deterioration in luminance thereof was confined within 30%,
and any pixel which ceased to emit any longer was not
recognized at all.

COMPARATIVE EXAMPLE 1

[0134] The same procedures as explained in Example 1
were repeated except that as a material for the hole trans-
ferring layer, a compound represented by the following
chemical formula (12) was substituted for the compound
employed in Example 1 as a material for the hole transfer-
ring layer, thereby manufacturing a low molecular type
organic EL display device as shown in FIG. 1.

@N

[0135] The EL display device thus obtained was subjected
to a continuously actuation for ten thousand hours in the
same manner as conducted in Example 1. As a result, the
luminance thereof after this experiment was found about
40% relative to the initial value of luminance. Further, the
number of the pixels which ceased to emit was generated at
a ratio of 300 or more per 10,000 of pixels. The compound
employed in this comparative example was constructed such
that as shown in the chemical formula (12), the molecular
structure of a couple of triaryl amine moieties was the same
with each other, and moreover, they were not linked through
a heterocycle. Therefore, it was assumed that the amor-
phousness of the compound was minimal and the glass
transition temperature thereof was also low.

EXAMPLE 5

[0136] A material represented by the aforementioned
chemical formula (8) for forming a hole transferring layer
was mixed with a material represented by the aforemen-
tioned chemical formula (9) for forming a hole transferring
layer to obtain a mixture (1:1 in molar ratio), which was then
allowed to react with cinnamaldehyde to synthesize a poly-
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mer. The polymer obtained in this manner was then dis-
solved in toluene to obtain a toluene solution, which was
employed for forming the hole transferring layer 12, thus
preparing an organic EL display device having a structure as
shown in FIG. 2.

[0137] More specifically, a TFT 18 was formed according
to the ordinary process on the surface of a glass substrate 9,
and then, an ITO (indium-tin-oxide) film having a thickness
of 100 nm was formed as. a transparent electrode (anode) 10
on the resultant surface of the glass substrate 9. Then, by
using a photoresist process, barriers 19 were formed in a
lattice pattern. The formation of the hole transferring layer
12 was performed in such a manner that by an ink jet
method, the aforementioned toluene solution was coated
into a pattern of organic EL pixels and then allowed to dry
under heating. Then, the resultant patterned thin film was
irradiated with a xenon lamp to polymerize and crosslink it,
thus obtaining a hole transferring layer 12 having a thickness
of about 50 nm.

[0138] As a material for the polymeric light emitting layer
22, a polymer represented by the following chemical for-
mula (P1) was employed and deposited by an ink jet method
to form the polymeric light emitting layer 22 having a
thickness of about 40 nm.

(P1)

[0139] wherein n is an integer representing the polymer-
ization degree thereof.

[0140] An MgF, buffer layer having a thickness of about
10 nm was deposited over the polymeric light emitting layer
22, and then, a counter electrode (silver electrode) 23 having
a thickness of about 200 nm was deposited thereon. Finally,
a sealing film 20 was formed on the top surface of the
resultant structure, thus sealing every pixels.

[0141] The EL display device thus obtained was subjected
to a continuously actuation for ten thousand hours while
applying a voltage of 15V thereto. As a result, the luminance
thereof after this experiment was found about 80% relative
to the initial value of luminance. Further, the number of the
pixels which ceased to emit was generated at a ratio of less
than 10 per 10,000 of pixels.

EXAMPLE 6

[0142] The toluene solution of Example 5 was coated on
the surface of a substrate by spin-coating method to form a
coated film, to which ultraviolet rays 30 mJ/cm? in exposure
dose was irradiated in a pattern through a mask. The film
thus irradiated was immersed in xylene for about one minute
and shaken to perform the development thereof. As a result,
it was possible to form a hole transferring layer only on the
region of pixels.

[0143] Further, following the same procedures as illus-
trated in Example 5, an organic EL display device was
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manufactured. The EL display device thus obtained was
subjected to a continuously actuation for ten thousand hours
while applying a voltage of 15V thereto. As a result, the
luminance thereof after this experiment was found about
85% relative to the initial value of luminance. Further, the
number of the pixels which ceased to emit was generated at
a ratio of less than 10 per 10,000 of pixels. It was confirmed
through this example that it was possible to perform the
patterning of the hole transferring layer by using photoli-
thography without necessitating the employment of an ink
jet method.

EXAMPLE 7

[0144] After the hole transferring layer was formed as
described in Example 6, a light emitting layer was formed as
follows. Namely, the compound represented by the afore-
mentioned chemical formula (P2) was allowed to react with
cinnamaldehyde to synthesize a polymer. The polymer thus
obtained was then dissolved in toluene to obtain a toluene
solution, which was then coated on the hole transferring
layer. Against this coated film, ultraviolet rays 30 mJ/em? in
exposure dose was irradiated in a pattern through a mask.
The film thus irradiated was immersed in xylene for about
one minute and shaken to perform the development thereof.
As a result, it was possible to form a hole transferring layer
only on the region of pixels.

[0145] Further, following the same procedures as illus-
trated in Example 5, an organic EL display device was
manufactured. The EL display device thus obtained was
subjected to a continuously actuation for ten thousand hours
while applying a voltage of 15V thereto. As a result, the
luminance thereof after this experiment was found about
85% relative to the initial value of luminance. Further, the
number of the pixels which ceased to emit was generated at
a ratio of less than 10 per 10,000 of pixels. It was confirmed
through this example that it was possible to perform the
patterning of the hole transferring layer and of the light
emitting layer by using photolithography without necessi-
tating the employment of an ink jet method.

[0146] To realize the ink jet method, the materials
employed therein would be restricted in order to make the
materials satisfy the conditions related to the control of
physical properties of the ink employed therein. Therefore,
the fact that the organic EL display device can be manufac-
tured by a process without necessitating the employment of
the ink jet method would lead to expansion of freedom in
selecting materials to be employed therein.

EXAMPLE 8

[0147] A compound represented by the aforementioned
chemical formula (8) was allowed to react with cinnamal-
dehyde to synthesize a polymer. The polymer thus obtained
was then dissolved in toluene to obtain a toluene solution,
which was then employed to form the hole transferring layer
12, thereby manufacturing an organic EL display device as
shown in FIG. 2.

[0148] More specifically, following the same procedures
as illustrated in Example 5 except that the material for
forming the hole transferring layer 12 was changed to the
aforementioned toluene solution and that a phosphorescent
polymer represented by the following chemical formula (13)
was employed for the formation of the polymeric light
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emitting layer 22, an organic EL display device was manu-
factured.
(13)

CH2 I CH2 CHZ_ CH2 CH2 I CH2
I | + )
A m X \RO 1 B s

0
B'=
O

[0149] wherein m, n and s are respectively an integer of
One Or more.

[0150] Inthe same manner asin Example 5, the EL display
device thus obtained was subjected to a continuously actua-
tion for ten thousand hours. As a result, the luminance
thereof after this experiment was found about 80% relative
to the initial value of luminance. Further, the number of the
pixels which ceased to emit was generated at a ratio of less
than 10 per 10,000 of pixels. Furthermore, the take-out
efficiency of luminescence was 4.5%.

[0151] It was confirmed through the results of this
example that it was possible to enhance not only the take-out
efficiency of luminescence but also the life of the organic EL
display device by manufacturing it using, as a material for
the hole transferring layer, a polymer obtained through the
polymerization of a compound represented by the aforemen-
tioned chemical formula (8) and also using, as a material for
the polymeric light emitting layer, a phosphorescent poly-
mer.

EXAMPLE 9

[0152] By using a compound represented by the afore-
mentioned chemical formula (13) and in the same manner as
described in Example 8, a light emitting layer was formed on
the surface of the hole transferring layer that had been
manufactured in Example 6. Further, in the same procedures
as described in Example 5, an organic EL display device was
manufactured.

[0153] The EL display device thus obtained was subjected
to a continuously actuation for ten thousand hours while
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applying a voltage of 15V thereto. As a result, the luminance
thereof after this experiment was found about 85% relative
to the initial value of luminance. Further, the number of the
pixels which ceased to emit was generated at a ratio of less
than 10 per 10,000 of pixels. Furthermore, the take-out
efficiency of luminescence was 4.6%.

[0154] As already explained above, in spite of the advan-
tage that the luminescence efficiency of the organic EL
display device can be prominently enhanced, the phospho-
rescent material has been conventionally considered as
being vulnerable to deterioration due to water originating
from PEDOP/PSS constituting the hole transferring layer,
thereby making it difficult to prolong the life of the organic
EL display device when the phosphorescent material is
employed therein. Whereas according to this example, it was
made possible to enhance not only the light emitting effi-
ciency but also the life of the organic EL display device.

EXAMPLE 10

[0155] 2% by weight of a complex of rare earth element
represented by the following chemical formula (P,.) and
98% by weight (weight ratio of only solid matter) of methyl
methacrylate (PMMA) monomer were dissolved in tetrahy-
drofuran to prepare a tetrahydrofuran solution.

[0156] The solution thus obtained was applied to the
surface of the hole transferring layer of Example 6 by an ink
jet method to form a film. This film was then heated at a
temperature of 120° C. for 10 minutes to polymerize the
film, thus forming a layer of PMMA having the rare earth
element dispersed therein uniformly.

[0157] Further, in the same procedures as described in
Example 5, an organic EL display device was manufactured.
The EL display device thus obtained was subjected to a
continuously actuation for ten thousand hours while apply-
ing a voltage of 15V thereto. As a result, the luminance
thereof after this experiment was found about 85% relative
to the nitial value of luminance. Further, the number of the
pixels which ceased to emit was generated at a ratio of less
than 10 per 10,000 of pixels.

[0158] Although the complex of rare earth element may be
deteriorated due to the presence of water, since the organic
EL display device according to this example was manufac-
tured in a non-aqueous process, it was confirmed possible to
prolong the life of the organic EL display device.

(Prc)

o

\Eu \

ol

EXAMPLE 11

[0159] The same procedures as explained in Example 1
were repeated except that as a material for the hole trans-
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ferring layer, a compound represented by the aforemen-
tioned chemical formula (14) was substituted for the com-
pound employed in Example 1 as a material for the hole
transferring layer, thereby manufacturing a low molecular
type organic EL display device as shown in FIG. 1.

14

CF,

.

[0160] The compound represented by the aforementioned
chemical formula (14) was synthesized by the same proce-
dures as described above except that a triaryl amine having
CF, group and t-Bu group was employed.

[0161] The EL display device thus obtained was subjected
to a continuously actuation for ten thousand hours while
applying a voltage of 15V thereto. As a result, the deterio-
ration in luminance thereof was confined within 10%, and
any pixel which ceased to emit any longer was not recog-
nized at all. The reason for the decrease in deterioration of
luminescence as compared with Example 1 may be assum-
ably attributed to the fact that owing to the introduction
therein of trifluoromethyl group, the amorphousness of the
hole transferring layer became further enhanced.

EXAMPLE 12

[0162] The same procedures as explained in Example 1
were repeated except that as a material for the hole trans-
ferring layer, a compound represented by the aforemen-
tioned chemical formula (15) was substituted for the com-
pound employed in Example 1 as a material for the hole
transferring layer, thereby manufacturing a low molecular
type organic EL display device as shown in FIG. 1.

Q

T

[0163] The compound represented by the aforementioned
chemical formula (15) was synthesized by the same proce-

(s)

(1 O
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dures as described above except that 1,3-thiazole dihalide
polymer was substituted for thiophene dihalide polymer.

[0164] The EL display device thus obtained was subjected
to a continuously actuation for ten thousand hours while
applying a voltage of 15V thereto. As a result, the deterio-
ration in luminance thereof was confined within 15%, and
any pixel which ceased to emit any longer was not recog-
nized at all.

COMPARATIVE EXAMPLE 2

[0165] The same procedures as explained in Example 5
were repeated except that as a material for the hole trans-
ferring layer, an aqueous dispersion of PEDOPPSS repre-
sented by the aforementioned chemical formula (7) was
employed, thereby manufacturing an organic EL display
device as shown in FIG. 2.

[0166] The EL display device thus obtained was subjected
to a continuously actuation for ten thousand hours in the
same manner as conducted in Example 5. As a result, the
luminance thereof after this experiment was found about
30% relative to the initial value of luminance. Further, the
number of the pixels which ceased to emit was generated at
a ratio of 300 or more per 10,000 of pixels.

COMPARATIVE EXAMPLE 3

[0167] The same procedures as explained in Example 6
were repeated except that as a material for the hole trans-
ferring layer, an aqueous dispersion of PEDOP.PSS repre-
sented by the aforementioned chemical formula (7) was
employed, thereby manufacturing an organic EL display
device as shown in FIG. 2.

[0168] The EL display device thus obtained was subjected
to a continuously actuation for ten thousand hours in the
same manner as conducted in Example 5. As a result, the
luminance thereof after this experiment was found about
30% relative to the initial value of luminance. Further, the
number of the pixels which ceased to emit was generated at
a ratio of 300 or more per 10,000 of pixels. Furthermore, the
take-out efficiency of luminescence was 1.5%.

[0169] The reasons for these results may be assumably
attributed to the fact that not only due to the generation of
quenching of triplet excited state by the effect of oxygen but
also due to the employment of PEDOP.PSS for the formation
of the hole transferring layer, the deterioration with time of
the polymer of phosphorescent emitting layer was caused to
occur under the influence of water.

[0170] As explained above, it is possible, according to the
present invention, to provide an organic EL display device
which is long in useful life, excellent in reliability, and
sufficiently high in light emitting efficiency.

[0171] The present invention is applicable not only to a
low molecular type organic EL display device but also to a
high molecular type organic EL display device, and hence
the present invention would be very valuable in industrial
viewpoints.

[0172] Additional advantages and modifications will
readily occur to those skilled in the art. Therefore, the
invention in its broader aspects is not limited to the specific
details and representative embodiments shown and
described herein. Accordingly, various modifications may be
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made without departing from the spirit or scope of the
general inventive concept as defined by the appended claims
and their equivalents.

What is claimed is:
1. An organic electro-luminescent display device, com-
prising:

a transparent electrode;

a counter electrode spaced away from said transparent
electrode;

a light emitting layer interposed between said transparent
electrode and said counter electrode; and

a hole transferring layer interposed between said trans-
parent electrode and said light emitting layer, said hole
transferring layer comprising triaryl amine compound
represented by the following general formula (1):

)

(wherein Ar', Ar?, Ar® and Ar* are individually substituted
or unsubstituted aryl group or aromatic heterocyclic
group with proviso that a situation where a combination
of groups (Ar', Ar’) is identical with a combination of
groups (Ar’, Ar*) is excluded; Aand B may be the same
with or different from each other and are individually
substituted or unsubstituted aryl group or aromatic
heterocyclic group; k and m are respectively an integer;
X is a heteroatom; | is an integer of 1 or more; n is an
integer of 1 or more; RY, R?, R* and R* may be the same
with or different from each other and are individually
hydrogen atom, straight or branched substituted or
unsubstituted alkyl group, alkoxy group or aryl group
wherein the alkyl groups or alkoxy groups which are
bonded to neighboring carbon atom may be connected
together to form a closed ring.)

2. The organic electro-luminescent display device accord-
ing to claim 1, wherein said triaryl amine compound
included in said hole transferring layer comprises a com-
pound represented by said general formula (1) wherein
sulfur atom is introduced therein as said heteroatom X.

3. The organic electro-luminescent display device accord-
ing to claim 2, wherein said triaryl amine compound
included in said hole transferring layer comprises a com-
pound represented by said general formula (1) wherein k and
m is respectively zero (k=M=0).

4. The organic electro-luminescent display device accord-
ing to claim 1, wherein said triaryl amine compound
included in said hole transferring layer comprises a high-
molecular compound which is formed through polymeriza-
tion of at least one compound selected from the group
consisting of a compound represented by the aforemen-
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tioned general formula (1), a compound represented by the
following general formula (3), a compound represented by
the following general formula (5), and a compound repre-
sented by the following general formula (6):

@

(wherein Ar', Ar’, Ar’ and Ar* may be the same with or
different from each other and are individually substituted or
unsubstituted aryl group or aromatic heterocyclic group with
proviso that a situation where a combination of groups (Ar",
Ar®) is identical with a combination of groups (Ar’, Ar*) is
excluded; R™, R**, R, R** R*, R*°, R and R*® may be
the same with or different from each other and are individu-
ally hydrogen atom, straight or branched substituted or
unsubstituted alkyl group, alkoxy group or aryl group; j is an
integer of 1 or more; and n is an integer of 1 or more.);

®

(wherein Ar'? is substituted or unsubstituted phenyl group,
naphthyl group, tetrahydronaphthyl group or heterocyclic
group constituted by a single ring; Ar'> and Ar'> may be the
same with or different from each other and are individually
substituted or unsubstituted phenyl group or heterocyclic
group constituted by a single ring; and R', R?, R*> and R*
may be the same with or different from each other and are
individually hydrogen atom, straight or branched substituted
or unsubstituted alkyl group, alkoxy group or aryl group
wherein the alkyl groups or alkoxy groups which are bonded
to neighboring carbon atom may be connected together to
form a closed ring.); and

®

Apr. 1, 2004

(wherein Ar', Ar*, Ar® and Ar* are individually substituted
or unsubstituted aryl group or aromatic heterocyclic group
with proviso that a situation where a combination of
groups (Ar', Ar®) is identical with a combination of
groups (Ar’, Ar?) is excluded.)

5. The organic electro-luminescent display device accord-
ing to claim 4, wherein said light emitting layer comprises
a rare earth complex.

6. The organic electro-luminescent display device accord-
ing to claim 5, wherein said rare earth complex comprises at
least one complex selected from the group consisting of a
europium complex, a terbium complex and a gadolinium
complex.

7. The organic electro-luminescent display device accord-
ing to claim 1, wherein said light emitting layer comprises
a phosphorescent compound.

8. The organic electro-luminescent display device accord-
ing to claim 7, wherein said phosphorescent compound
comprises an iridium complex.

9. The organic electro-luminescent display device accord-
ing to claim 1, wherein said triaryl amine compound
included in said hole transferring layer is constituted by a
compound represented by said general formula (1) wherein
at least one of (Ar", Ar”) contains fluorine atom, and none of
(Ar?, Ar*) include fluorine atom, or constituted by a com-
pound represented by said general formula (1) wherein at
least one of (Ar®, Ar*) contains fluorine atom, and none of
(Ar', Ar®) contain fluorine atom.

10. An organic electro-luminescent display device, com-
prising:

a transparent electrode;

a counter electrode spaced away from said transparent
clectrode;

a light emitting layer interposed between said transparent
clectrode and said counter electrode; and

a hole transferring layer interposed between said trans-
parent electrode and said light emitting layer, said hole
transferring layer comprising triaryl amine compound
represented by the following general formula (3):

®
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(wherein Ar', Ar*, Ar® and Ar* may be the same with or
different from each other and are individually substi-
tuted or unsubstituted aryl group or aromatic hetero-
cyclic group with proviso that a situation where a
combination of groups (Ar', Ar®) is identical with a
combination of groups (Ar, Ar?) is excluded; R'*, R*?,
R?3, R™, R™, R*™, R and R may be the same with
or different from each other and are individually hydro-
gen atom, straight or branched substituted or unsubsti-
tuted alkyl group, alkoxy group or aryl group; j is an
integer of 1 or more; and n is an integer of 1 or more.)

11. The organic electro-luminescent display device

according to claim 10, wherein said light emitting layer
comprises a phosphorescent compound.

12. The organic electro-luminescent display device
according to claim 11, wherein said phosphorescent com-
pound comprises an iridium complex.

13. The organic electro-luminescent display device
according to claim 10, wherein said triaryl amine compound
included in said hole transferring layer is constituted by a
compound represented by said general formula (3) wherein
at Ieast one of (Ar'?, Ar'®) contains fluorine atom, and none
of (Ar', biphenyl) include fluorine atom, or constituted by
a compound represented by said general formula (3) wherein
at least one of (Ar'?, biphenyl) contains fluorine atom, and
none of (Ar'?, Ar'?) contain fluorine atom.

14. An organic electro-luminescent display device, com-
prising:

a transparent electrode;

a counter electrode spaced away from said transparent
electrode;

a light emitting layer interposed between said transparent
clectrode and said counter ¢lectrode; and

a hole transferring layer interposed between said trans-
parent electrode and said light emitting layer, said hole
transferring layer comprising triaryl amine compound
represented by the following general formula (5):

®

12
/Ar

Ar13

(wherein Ar'! is substituted or unsubstituted phenyl
group, naphthyl group, tetrahydronaphthyl group or
heterocyclic group constituted by a single ring; Ar'?
and Ar'®> may be the same with or different from each
other and are individually substituted or unsubstituted
phenyl group or heterocyclic group constituted by a
single ring; and R*, R%, R? and R* may be the same with
or different from each other and are individually hydro-
gen atom, straight or branched substituted or unsubsti-
tuted alkyl group, alkoxy group or aryl group wherein
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the alkyl groups or alkoxy groups which are bonded to
neighboring carbon atom may be connected together to
form a closed ring.)

15. The organic electro-luminescent display device
according to claim 14, wherein said triaryl amine compound
included in said hole transferring layer is constituted by a
compound represented by said general formula (5) wherein
at least one of (Ar'?, Ar') contains fluorine atom, and none
of (Ar'?, biphenyl) include fluorine atom, or constituted by
a compound represented by said general formula (5) wherein
at least one of (Ar', biphenyl) contains fluorine atom, and
none of (Ar'?, Ar'®) contain fluorine atom.

16. The organic electro-luminescent display device
according to claim 14, wherein said light emitting layer
comprises a phosphorescent compound.

17. The organic electro-luminescent display device
according to claim 16, wherein said phosphorescent com-
pound comprises an iridium complex.

18. An organic electro-luminescent display device, com-
prising:

a transparent electrode;

a counter electrode spaced away from said transparent
electrode;

a light emitting layer interposed between said transparent
electrode and said counter electrode; and

a hole transferring layer interposed between said trans-
parent electrode and said light emitting layer, said hole
transferring layer comprising triaryl amine compound
represented by the following general formula (6):

©®

(wherein Ar', Ar?, Ar® and Ar* are individually substituted
or unsubstituted aryl group or aromatic heterocyclic
group with proviso that a situation where a combination
of groups (Ar, Ar°) is identical with a combination of
groups (Ar’; Ar’) is excluded.)

19. The organic electro-luminescent display device
according to claim 18, wherein said light emitting layer
comprises a phosphorescent compound.

20. The organic electro-luminescent display device
according to claim 19, wherein said phosphorescent com-
pound comprises an iridium complex.

21. The organic electro-luminescent display device
according to claim 18, wherein said triaryl amine compound
included in said hole transferring layer is constituted by a
compound represented by said general formula (6) wherein
at least one of (Ar*, Ar®) contains fluorine atom, and none of
(Ar?, Ar*) include fluorine atom, or constituted by a com-
pound represented by said general formula (6) wherein at
least one of (Ar’, Ar*) contains fluorine atom, and none of
(Ar', Ar?) contain fluorine atom.

22. A method of manufacturing the organic electro-lumi-
nescent display device according to claim 1, said method
comprising:
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forming a transparent electrode on a substrate;

forming a hole transferring layer on said transparent
electrode, said hole transferring layer comprising tri-
aryl amine compound represented by the following
general formula (1);

forming a light emitting layer on said hole transferring
layer; and

forming a counter electrode above said light emitting
layer;

wherein at least one of said hole transferring layer and
said light emitting layer is patterned by photolithogra-
phy.

@

(wherein Ar', Ar®, Ar® and Ar* are individually substituted
or unsubstituted aryl group or aromatic heterocyclic
group with proviso that a situation where a combination
of groups (Ar', Ar®) is identical with a combination of
groups (Ar°, Ar') is excluded; A and B may-be the
same with or different from each other and are indi-
vidually substituted or unsubstituted aryl group or
aromatic heterocyclic group; k and m are respectively
an integer; X is a heteroatom; j is an integer of 1 or
more; n is an integer of 1 or more; R, R%, R® and R*
may be the same with or different from each other and
are individually hydrogen atom, straight or branched
substituted or unsubstituted alkyl group, alkoxy group
or aryl group wherein the alkyl groups or alkoxy groups
which are bonded to neighboring carbon atom may be
connected together to form a closed ring.)

23. A method of manufacturing the organic electro-lumi-

nescent display device according to claim 10, said method
comprising;

forming a transparent electrode on a substrate;

forming a hole transferring layer on said transparent
electrode, said hole transferring layer comprising tri-
aryl amine compound represented by the following
general formula (3);

forming a light emitting layer on said hole transferring
layer; and

forming a counter electrode above said light emitting
layer;

wherein at least one of said hole transferring layer and
said light emitting layer is patterned by photolithogra-
phy.
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(wherein Ar', Ar*, Ar’ and Ar* may be the same with or
different from each other and are individually substi-
tuted or unsubstituted aryl group or aromatic hetero-
cyclic group with proviso that a situation where a
combination of groups (Ar', Ar’) is identical with a
combination of groups (Ar>, Ar") is excluded; R™, R™?,
R, R* R, R, R and R'® may be the same with
or different from each other and are individually hydro-
gen atom, straight or branched substituted or unsubsti-
tuted alkyl group, alkoxy group or aryl group; j is an
integer of 1 or more; and n is an integer of 1 or more.)

24. A method of manufacturing the organic electro-lumi-

nescent display device according to claim 14, said method
comprising:

forming a transparent electrode on a substrate;

forming a hole transferring layer on said transparent
electrode, said hole transferring layer comprising tri-

aryl amine compound represented by the following
general formula (5);

forming a light emitting layer on said hole transferring
layer; and

forming a counter electrode above said light emitting
layer;

wherein at least one of said hole transferring layer and
said light emitting layer is patterned by photolithogra-
phy.

®

(wherein Ar'! is substituted or unsubstituted phenyl
group, naphthyl group, tetrahydronaphthyl group or
heterocyclic group constituted by a single ring; Ar'?
and Ar"® may be the same with or different from each
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other and are individually substituted or unsubstituted
phenyl group or heterocyclic group constituted by a
single ring; and R*, R%, R? and R* may be the same with
or different from each other and are individually hydro-
gen atom, straight or branched substituted or unsubsti-
tuted alkyl group, alkoxy group or aryl group wherein
the alkyl groups or alkoxy groups which are bonded to
neighboring carbon atom may be connected together to
form a closed ring.)

25. A method of manufacturing the organic electro-lumi-

nescent display device according to claim 18, said method

comprising:

forming a transparent electrode on a substrate;

forming a hole transferring layer on said transparent
electrode, said hole transferring layer comprising tri-
aryl amine compound represented by the following
general formula (6);

forming a light emitting layer on said hole transferring
layer; and
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forming a counter electrode above said light emitting
layer;

wherein at least one of said hole transferring layer and
said light emitting layer is patterned by photolithogra-
phy.

©®

Arl\
NS
Ar? T
NS

(wherein Ar', Ar®, Ar® and Ar* are individually substituted
or unsubstituted aryl group or aromatic heterocyclic
group with proviso that a situation where a combination
of groups (Ar', Ar”) is identical with a combination of
groups (Ar®, Ar?) is excluded.)
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