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7) ABSTRACT

An organic EL display element having an anode, a driving
circuit connecting terminal, a cathode and a cathode supple-
mentary wire having a low resistance, a low contact resis-
tance to the cathode and the driving circuit connecting
terminal and having reliable contact characteristics wherein
the cathode supplementary wire is disposed between the
driving circuit connecting terminal and the cathode and has
a surface layer composed of Mo or a Mo alloy, is presented.
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Fig.d
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Fig.6
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Fig.7
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Fig.9
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ORGANIC ELECTROLUMINESCENCE DISPLAY
ELEMENT, A DISPLAY DEVICE AND A METHOD
FOR PRODUCING EACH

TECHNICAL FIELD

[0001] The present invention relates to an organic elec-
troluminescence (organic EL) display element as a display
element using an organic light emitting material and an
organic electroluminescence (organic EL) display device as
a display device using such element.

BACKGROUND ART

[0002] 1Inarapid progress of technological development in
an information-communication field in recent years, there is
much expectation of a flat display device instead of CRT. In
particular, intensive studies have been made with respect to
an organic EL display because it is excellent in quick
response, visibility, luminance and so on.

[0003] The organic EL element announced by Tang el al.
of Eastman Kodak U.S.A. in 1987 has a two-layered lami-
nation structure of thin organic films wherein tris(8-quino-
linolato)aluminum (hereinbelow, abbreviated as “Alg”) is
used as a light emitting layer. When this element was driven
by a low voltage such as not more than 10V, a green light
was emitted and a high luminance as 1000 cd/m* could be
obtained. The luminous efficiency was 1.5 lumen/W (Appl.
Phys. Lett., 51, 913 (1987)).

[0004] Subsequently, research has been made rapidly for
practical applications, and various lamination type organic
EL elements comprising one organic layer to about ten
organic layers which are sandwiched by a hole injection
electrode and an electron injection electrode, have been
developed.

[0005] With respect to an organic EL material too, meth-
ods for forming various kinds of low molecular compounds
into a thin film by, for example, a vacuum deposition method
or methods for forming a high molecular compound into a
thin film by a spin coat method, an ink jet method, dye coat
method, flexographic printing method have been proposed
to prepare an organic EL element.

[0006] In the homepage of the Japanese Patent Office,
technical information relating to the organic EL element
prepared by “technical-field-discriminated patent map pre-
paring committee” is seen in which a technical report is
made by referring application publications of patents and
registered patents with respect to so-called basic patents,
various kinds of materials, methods, device structures, driv-
ing methods, colorizing techniques, durability, methods of
use and so on.

[0007] In organic EL display devices, a current driving
element is used, and in passive driving type organic EL
display devices, instantaneous emission of light is required
in a time in which each row is selected. As a result, a large
current flows into the electrodes in comparison with a case
that a voltage driving type display element such as a liquid
crystal device is used.

[0008] For example, when a panel having a pixel size of
300 umx300 gum and 100 anodes is driven at a duty ratio of
1/64, the current flowing into a cathode in a selection period
reaches 172.8 mA under conditions that the luminous effi-

Dec. 9, 2004

ciency is 1 cd/A and the average luminance is 300 cd/m?. On
the other hand, when a liquid crystal display device using a
voltage driving element is used, there is no case that such an
excessively large current flows.

[0009] In consideration of this, there is adopted a structure
that a cathode supplementary wire having a low resistance is
connected between a cathode and a driving circuit connect-
ing terminal in order to suppress a voltage increase due to
the current flowing there whereby the current flows to the
driving circuit connecting terminal through the cathode
supplementary wire.

[0010] However, with demands to increase the size, pre-
cision and luminance of the panel, there are problems that
further lowering of the resistance of the cathode supplemen-
tary wire is required, and at the same time, lowering of the
resistance of a contact portion between the cathode and the
cathode supplementary wire and a contact portion between
the driving circuit connecting terminal and the cathode
supplementary wire are required.

[0011] In particular, it is necessary for the contact char-
acteristics of the cathode to the cathode supplementary wire
to have not only low resistance characteristics but also being
stable against the Joule heat generated at the contact portions
depending on the magnitude of an electric current flowing
there. Namely, it is required to prevent the contact resistance
by the Joule heat from increasing, and more severe contact
performance is required. The increase of the contact resis-
tance by the Joule heat is considered to be due to the
oxidation of the metal used for the supplementary wire or the
like.

[0012] FIG. 8 shows the structure of contact between a
cathode and a cathode supplementary wire according to a
conventional technique. In FIG. 8, an anode 2¢ and a
driving circuit connecting terminal 2b are formed on a
transparent substrate 1 made of glass or the like.

[0013] The driving circuit connecting terminal 25 is con-
nected electrically to a cathode 7 via a cathode supplemen-
tary wire 3. By supplying an electric current between the
anode 2a and the cathode 7, an organic EL layer 6 emits
light. An insulation film 4 serves to define a portion 4a where
the organic EL layer 6 contacts the anode 2a.

[0014] In such structure, generally, ITO (indium oxide-tin
oxide) is used for the anode 2g, and an easily oxidizable
metal such as Al, Mg, Ag or the like is used for the cathode.
Metal such as Cr or the like is used for the cathode
supplementary wire.

[0015] In this case, for instance, when a patterned Cr
having a film thickness of 300 nm, a width of 150 um, a
length of 4 mm and a specific resistance of 20 4€2 cm is used
for the supplementary wire, the resistance is 17.7 Q. When
the above-mentioned current is supplied, a voltage drop of
about 3.1 V takes place in response to the resistance of the
wire, whereby there is an increase of voltage beyond the
predetermined electric potential.

[0016] Further, as shown in FIG. 8, an oxidized layer 3a
is formed on the cathode supplementary wire 3 in manufac-
turing processes, with the result that the contact resistance
between the cathode 7 and the cathode supplementary wire
3 increases.
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[0017] Then, the voltage rise secems to cause adverse
effects such as an uneven display at the time of gradation
display and a rise of withstand voltage of an anode driver
used.

[0018] In connection with this, for instance, JP-A-11-
317292 (a prior art document 1) discloses a technique
concerning a cathode supplementary wire in an organic EL
display element. In the prior art document 1, a transparent
electrode material is used for a driving circuit connecting
terminal, and the same material is used for a cathode and a
cathode supplementary wire. In this case, there is a large
possibility of eliminating the problem of the contact resis-
tance between the cathode and the cathode supplementary
wire unless surfaces of the cathode and the cathode supple-
mentary wire are oxidized before connecting the cathode to
the cathode supplementary wire.

[0019] However, an easily oxidizable material is generally
used for the cathode of an organic EL display element, and
on the other hand, a metal oxide such as ITO is used for the
transparent electrode.

[0020] Therefore, when the cathode supplementary wire
and the cathode are made of the same material, there occurs
a problem that the metal constituting the cathode supple-
mentary wire is oxidized at the contact portion between the
cathode supplementary wire and the driving circuit connect-
ing terminal for which a transparent electrode material is
used, during the manufacturing of the organic EL display
element and in use of it, whereby the contact resistance
increases.

[0021] In particular, the increase of the contact resistance
is remarkable when it is kept at a high temperature. When Al
or an Al alloy is used for the cathode and the cathode
supplementary wire, and ITO is used for the driving circuit
connecting terminal, the contact resistance increases
remarkably when it is kept at about 100° C.

[0022] JP-A-11-329750 (prior art document 2) discloses a
technique of reducing the contact resistance between a
cathode and a cathode supplementary wire. The prior art
document 2 describes that low-resistance contact character-
istics can be obtained by forming a cathode supplementary
wire into two portions of an undercoat pattern and an
electrode pattern, and TiN or Cr is used for the undercoat
pattern and Al is used for the electrode pattern to be in
contact with the cathode.

[0023] However, this technique has a problem of produc-
tivity before discussing the problem of reducing the contact
resistance because it is necessary to carry out a photolitho-
graphic process twice in order to form the cathode supple-
mentary wire, and it is necessary to apply dry etching for the
patterning of TiN.

[0024] Further, in the case of using Cr for the undercoat
pattern, the contact resistance may increase remarkably if it
is left at a high temperature of about 100° C. even though the
initial contact characteristics are good. Accordingly, there
remains a problem of reliability.

[0025] Further, JP-A-2001-351778 (prior art document 3)
discloses an organic electroluminescence display element to
solve the problem of the increase of the contact resistance of
a metal electrode during baking in manufacturing. For this,
a barrier layer is formed on the surface layer of a circuitous
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electrode provided on a transparent substrate, and the cir-
cuitous electrode is brought into contact with a metal
electrode 4 via the barrier layer wherein the metal electrode
4 is laminated on the transparent substrate via an organic
light emitting layer.

[0026] The circuitous electrode is made of a conductive
metallic material such as Cr, Al, Cu, Ag, Au, Pt, Pd, Ni, Mo,
Ta, Ti, W, C, Fe, In, Ag—Mn, Zn or the like. The barrier
layer is made of a metal having a high melting point and
good properties against thermal deterioration, a noble metal,
an oxide, a nitride or an oxynitride.

[0027] Thus, the prior art document explains that the
contact resistance between the circuitous electrode and the
metal electrode can be kept low even by heating in the
formation of the interlayer insulation film, and therefore, the
driving is possible with a low voltage. Further, if the
circuitous electrode is formed by interposing a contact
improving layer, the contact of the circuitous electrode to the
transparent substrate is improved whereby good contacting
state can be maintained between the circuitous electrode and
the metal electrode. In the conventional document 3, the
electrode structure using Cr is shown. However, a concrete
example of the electrode structure using Mo is not described.

DISCLOSURE OF THE INVENTION

[0028] Ttisan object of the present invention to provide an
organic EL display element provided with a cathode supple-
mentary wire wherein it has a low resistance, in particular,
a low resistance from the beginning of use, it can be of a low
contact resistance with respect to a cathode and a driving
circuit connecting terminal, and has reliable contact char-
acteristics; an organic EL display device using the display
element, and a method for producing the organic EL display
element.

[0029] In accordance with Embodiment 1 of the present
invention, there is provided an organic electroluminescence
display element comprising a first conductive layer, a second
conductive layer opposed to the first conductive layer, a
driving circuit connecting terminal connected electrically to
the first conductive layer via a supplementary wire and an
organic electroluminescence layer disposed between the first
conductive layer and the second conductive layer, wherein
the supplementary wire has at least one surface layer as a
layer containing Mo or a Mo alloy.

[0030] According to Embodiment 2 of the present inven-
tion, there is provided the organic electroluminescence dis-
play element according to Embodiment 1, wherein the first
conductive layer is connected to the layer containing Mo or
a Mo alloy.

[0031] According to Embodiment 3, there is provided the
organic electroluminescence display element according to

Embodiment 1 or 2, wherein the second conductive layer is
made of ITO.

[0032] According to Embodiment 4, there is provided the
organic electroluminescence display element according to
Embodiment 1, 2 or 3, wherein the supplementary wire has
a layer made of Al, an Al alloy, Ag or an Ag alloy.

[0033] According to Embodiment 5, there is provided the
organic electroluminescence display element according to
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Embodiment 1, 2, 3 or 4, wherein the first conductive layer
is connected to an etched surface of the layer containing Mo
or a Mo alloy.

[0034] According to Embodiment 6, there is provided the
organic electroluminescence display element according to
Embodiment 1, 2, 3, 4 or 5, wherein the portion connected
to the layer containing Mo or a Mo alloy, of the first
conductive layer is defined by an insulation film.

[0035] According to Embodiment 7, there is provided the
organic electroluminescence display element according to
any one of Embodiments 1 to 6, wherein the Mo alloy
contains Nb.

[0036] According to Embodiment 8, there is provided the
organic electroluminescence display element according to
Embodiment 7, wherein the content of Nb in the Mo alloy
is 5 to 20 atomic %.

[0037] According to Embodiment 9, there is provided the
organic electroluminescence display element according to
any one of Embodiments 1 to 8, wherein the number of
supplementary wires is at least 30.

[0038] According to Embodiment 10, there is provided the
organic electroluminescence display element according to
any one of Embodiments 1 to 9, wherein the portion
connected to a supplementary wire, of the first conductive
layer contains Al or an Al alloy.

[0039] According to Embodiment 11, there is provided an
organic electroluminescence display element comprising a
first conductive layer, a second conductive layer opposed to
the first conductive layer, a driving circuit connecting ter-
minal connected electrically to the first conductive layer via
a supplementary wire and an organic electroluminescence
layer disposed between the first conductive layer and the
second conductive layer, wherein the supplementary wire
comprises at least 3 layers including a layer containing Mo
or a Mo alloy as a surface layer and a layer containing Al or
an Al alloy formed below the surface layer.

[0040] According to Embodiment 12, there is provided an
organic electroluminescence display device comprising an
organic electroluminescence display element described in
any one of Embodiments 1 to 11 and a driving circuit for
driving the organic electroluminescence display element.

[0041] According to Embodiment 13, there is provided a
method for producing an organic electroluminescence dis-
play element which comprises connecting electrically one of
conductive layers formed by interposing an organic elec-
troluminescence layer, to a driving circuit connecting ter-
minal via a supplementary wire, wherein the connecting
electrically includes a step of forming a layer containing Mo
or a Mo alloy as the surface layer of the supplementary wire
connected to the conductive layer and a step of etching the
layer containing Mo or a Mo alloy by using gas containing
at least CF, and oxygen or gas containing at least CF and
oxygen.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042] FIG. 1is a plan view showing Embodiment of the
organic EL display element of the present invention.

[0043] FIG. 2 is a cross-sectional view taken along A-A'
in FIG. 1.
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[0044] FIG. 3 is a plan view showing Embodiment of the
organic EL display element of the present invention.

[0045] FIGS. 4A to 4B are cross-sectional views taken
along B-B' in FIG. 3 and FIG. 4C is a cross-sectional view
taken along B-B' in FIG. 3 of the organic EL display
element formed in the same manner as Embodiment 1, in
which oxygen plasma irradiation is omitted, in manufactur-
ing processes.

[0046] FIG. 5 is a graph showing contact characteristics
between a cathode and a cathode supplementary wire of an
embodiment of the organic EL display element obtained by
the present invention.

[0047] FIG. 6 is a graph showing contact characteristics
by a conventional technique. FIG. 7 is a graph showing
contact characteristics between a cathode and a cathode
supplementary wire of another embodiment of the organic
EL display element obtained by the present invention.

[0048] FIG. 8 is a cross-sectional view showing the con-
tact structure according 1o a conventional technique.

[0049] FIG. 9 is a flow chart showing a sequence of
preparation of an organic EL display element according to
the present invention.

[0050] FIG. 10 is a cross-sectional view showing a
reverse taper structure.

[0051] FIG. 11 is a cross-sectional view showing a state
that an anode edge 9 is in contact with an organic EL layer.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0052] In the following, some practical embodiments of
the present invention will be described with reference to
drawings, examples and so on. However, these drawings and
description show exemplification of the present invention
and they do not limit the scope of the present invention. Of
course, another practical embodiment belongs to the present
invention as far as it meets the spirit of the present invention.

[0053] For example, a structure that the anode and the
cathode as described below are exchanged can be adopted.
Further, in this description, a case that a lamination film of
metal constituting the supplementary wire comprises three
layers: a layer containing Mo or a Mo alloy, a layer made of
either one of Al, an Al alloy, Ag and an Ag alloy and a layer
containing Mo or a Mo alloy, is described. However, the
composition of layers containing Mo or a Mo alloy formed
at both sides may be different from each other. Further,
another metal layer may be placed inside.

[0054] In addition, a case of lacking a layer containing Mo
or a Mo alloy belongs to the scope of the present invention.
For example, when the driving circuit connecting terminal is
made of a material which can prevent the layer of Al, an Al
alloy, Ag or an Ag alloy from oxidizing and can prevent the
contact resistance from increasing, it can be considered to
omit the layer containing Mo or a Mo alloy at the side
connectable to the driving circuit connecting terminal.

[0055] On the contrary, in a manufacturing process to be
conducted before the connection to the cathode, if there is a
low risk of increasing the contact resistance of the layer
made of Al, an Al alloy, Ag or an Ag alloy of the cathode
supplementary wire or a material constituting the cathode
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due to oxidation, it can be considered to omit the layer
containing Mo or a Mo alloy at a side connectable to the
cathode.

[0056] Generally, there are many cases of being easily
oxidized even though a strictly controlled process is applied
to the layer made of Al, an Al alloy, Ag or an Ag alloy or the
material constituting the cathode. Accordingly, the layer
containing Mo or a Mo alloy at the side connectable to the
cathode is often considered to be more important than the
layer containing Mo or a Mo alloy at the side connectable to
the driving circuit connecting terminal.

[0057] The reason that the supplementary wire has pref-
erably the layer made of Al, an Al alloy, Ag or an Ag alloy
is that lowering of the resistance is easy and high reliability
is obtainable.

[0058] The increase of the contact resistance takes place
during manufacturing processes of the organic EL display
element or in use of the organic EL display element.

[0059] In observation of the increase of the contact resis-
tance of a completed organic EL display element with time,
the initial value is a value including an increment of the
contact resistance generating in manufacturing processes,
and an increment of the contact resistance generating sub-
sequently takes place in use of the display element.

[0060] The organic EL display device referred to in the
present invention has a general construction including a
driving circuit, a driving power source, a casing and acces-
sory devices in addition to the organic EL display element
having an anode, a driving circuit connecting terminal, an
organic EL layer and a cathode as major components.

[0061] Inthe drawings, the same parts are designated with
the same reference numerals.

[0062] FIG. 1 is a plan view of an embodiment of the
organic EL display element of the present invention, and
FIG. 2 is a cross-sectional view taken along A-A'in FIG. 1.
FIG. 9 is a flow chart showing a sequence of preparation of
the organic EL display element as an example of the present
invention.

[0063] In the following, description will be made accord-
ing to the sequence of steps in FIG. 9 with reference to
FIGS. 1 and 2.

[0064] First, at Step S;, a conductive layer is formed on a
silica coat layer of a glass substrate 1 having the silica coat
layer. This conductive layer corresponds to the second
electrode layer as described before.

[0065] As the glass substrate, soda lime glass may be used,
for example.

[0066] The thickness of the silica coat layer is generally 10
to 30 nm, and it can be formed by, e.g., a sputtering method.

[0067] The conductive layer generally has transparency.
The meaning of transparency should include the case that
the conductive layer has a certain degree of transparency
other than the case that the transmittance of light is high as
90 to 100% like a so-called transparent conductive layer. A
transparent conductive layer is preferable because it per-
forms sufficiently function as a display element.

[0068] The thickness of the conductive layer is generally
50 to 200 nm, more preferably 100 to 150 nm. Typically, it
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is an ITO film prepared by a D.C. sputtering method. In this
explanation, the ITO film is used.

[0069] The conductive layer can generally be formed by a
physical vapor phase epitaxial method (PVD) such as a
vacuum deposition method, an ion plating method or the
like.

[0070] Then, at Step S,, a resist is patterned by a photo-
lithographic process. Then, at Step S;, the ITO film is
etched, and at Step S,, the resist is peeled off to thereby
obtain an anode pattern 2a and a driving circuit connecting
terminal 2b.

[0071] Any known resist may be used unless it is against
the spirit of the present invention. For the etching, a mixed
aqueous solution of hydrochloric acid and nitric acid can be
used. In order to peel off the resist, any known parting agent
may be used unless it is against the spirit of the present
invention.

[0072] Thereafter, at Step Ss, a layer containing Mo or a
Mo alloy, a layer comprising Al, an Al alloy, Ag or an Ag
alloy and a layer containing Mo or a Mo alloy are formed in
this order by, e.g., a D.C. sputtering method. The thus
formed lamination layer of metal constitutes a supplemen-
tary wire 3 according to the present invention.

[0073] The lamination film of metal may be formed by a
physical vapor phase epitaxial method (PVD) such as a
vacuum deposition method, an ion plating method or the like
or a plating method such as electrolytic plating, electroless
plating or the like.

[0074] The thickness of the layer containing Mo or a Mo
alloy is generally 50 to 200 nm, and the thickness of the
layer comprising Al, an Al alloy, Ag or an Ag alloy is
generally 200 to 400 nm. Use of the Mo alloy instead of Mo
improves anti-corrosion characteristics. As the Mo alloy, a
two component system such as Mo—W, Mo—Nb, Mo—YV,
Mo—Ta or the like is preferably used.

[0075] When pure Al is used for the layer comprising Al,
an Al alloy, Ag or an Ag alloy, the temperature for forming
the film is preferably 100° C. or less in order to control the
occurrence of hillocks. When the Al alloy is used for the
layer comprising Al, an Al alloy, Ag or an Ag alloy, Al—Nd
is preferably used because lowering of the resistance can be
achieved in curing. Further, AlI—Si or a three-component
system such as Al—Si—Cu or the like can be used.

[0076] Here, explanation will be made as to use of a
combination of three layers comprising a Mo layer, an Al
layer and a Mo layer.

[0077] Then, at Step S, the resist is patterned in a pho-
tolithographic process. At Step S, the lamination film of
metal is etched. At Step S,, the resist is peeled off. For the
resist, any known resist may be used unless it is against the
spirit of the present invention.

[0078] In the etching, an etching liquid composed of a
mixed aqueous solution of phosphoric acid, acetic acid and
nitric acid can be used. In order to peel off the resist, any
known parting agent may be used unless it is against the
spirit of the present invention.

[0079] The Mo layer and the Al layer can be etched all
together by this etching liquid whereby a patterned cathode
supplementary wire 3 is formed.
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[0080] For the pattering process for the ITO film (Steps S,
to S,) and the patterning process for the lamination film of
metal (Steps S¢ to Sy), it is possible to form sequentially the
ITO film and the lamination film of metal by sputtering, and
then patterning is conducted to the lamination film of metal
and the ITO film in this order.

[0081] Then, at Step S, spin coating of, e.g., a photosen-
sitive polyimide film as an insulation film is carried out. At
Step S, pattering is carried out according to a photolitho-
graphic process. At Step S;;, the film is cured to thereby
obtain an insulation film pattern 4 having apertures 4a for
pixels at pixel portions as shown in FIGS. 1 and 2.

[0082] The film thickness of the insulation film pattern 4
after curing is generally about 1.0 um.

[0083] When an aperture for a pixel is preferably about
300 umx300 um, the contact portion 4b between a cathode
and a supplementary wire should be 200 umx200 ym or less
because there is no substantial effect to the size of the
display element as a whole.

[0084] Then, at Step S,,, spin coating of, ¢.g., a photo-
sensitive acrylic resin is carried out; patterning of the formed
resin is carried out according to a photolithographic process
followed by curing, whereby a pattern 5 for separating
cathodes is formed.

[0085] In forming such pattern, a negative type photosen-
sitive resin is preferably used so as to provide a reverse taper
structure. Use of the negative type photosensitive resin
causes insufficient curing at a deeper position when light is
irradiated from an upper side. As a result, the cross-sectional
area of a lower portion of the cured portion is narrower than
that of an upper portion of the cured portion in the view from
the above. FIG. 10 shows the structure of the cured portion
observed from a lateral side. Such structure is referred to as
the reverse taper structure.

[0086] In such structure, when a mask for forming cath-
odes is formed by vacuum deposition in a later process,
vacuum deposition does not reach a hidden portion 8 in the
view from the above. Accordingly, it is possible to separate
cathodes individually.

[0087] There is a case that the above-mentioned photo-
sensitive polyimide resin and photosensitive acrylic resin are
interchangeable from each other. Further, any known resin
for the insulation film such as epoxy resin, phenol resin or
the like can be used unless it is against the spirit of the
present invention.

[0088] Then, at Step S, irradiation of oxygen plasma is
carried out by using, e.g., a parallel plate type RF plasma
(high frequency plasma) device to modify the surface of the
ITO film. Then, at Step S,,, an organic EL layer and
cathodes are formed by vapor deposition through the mask
by using, e.g., a vapor deposition device. These cathodes
correspond to the first conductive layer of the present
invention.

[0089] The organic EL layer often comprises an interface
layer, a hole transport layer, a light emitting layer, an
electron injection layer and so on as structural elements.
However, it may have a different layer structure. The thick-
ness of the organic EL layer is generally 100 to 300 nm.

[0090] By forming the insulation film pattern, end portions
of anodes 2a are covered with the insulation film. Accord-
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ingly, the surface of the organic EL layer in contact with the
anodes 2q is flattened whereby a possibility of breaking of
the organic EL layer or a cathode due to concentration of the
electric field or the like can be reduced, and the withstand
voltage of an anode and a cathode can be improved.

[0091] On the other hand, if edges 9 of an anode are in
contact with the organic EL layer as shown in FIG. 11, there
is a possibility of breaking of the organic EL layer or a
cathode due to concentration of the electric field.

[0092] Al is often used for the cathode. However, alkali
metal such as Li or the like or Ag, Ca, Mg, Y or In or an alloy
containing it may be used instead of Al The thickness of the
cathode is generally 50 to 300 nm. It is preferable that the
cathode preferably contains Al or an Al alloy in consider-
ation of the contact characteristics to Mo or a Mo alloy.

[0093] Aloran Al alloy is generally easily oxidized. When
a material constituting the supplementary wire is oxidized,
there is a possibility of diffusion of oxygen in the oxide into
Al or an Al alloy. However, it is supposed that an oxide
produced on the surface of Mo or a Mo alloy prevents the
migration of oxygen, and the oxide of Mo or the Mo alloy
belongs to a good conductor.

[0094] Tt is not necessary that the entirety of a cathode
comprises Al or an Al alloy but the portion of the conductive
layer in contact with the supplementary wire may contain Al
or an Al alloy.

[0095] Other than the above-mentioned method, the cath-
ode may be formed by a physical vapor phase epitaxial
method (PVD) such as sputtering, ion plating or the like.

[0096] Thus, a patterned organic EL. 6 comprising the
organic EL layer and a cathode pattern 7 are formed. Then,
an organic EL display element provided with a cathode
supplementary wire having a low resistance, a low contact
resistance to an anode and a driving circuit connecting
terminal and reliable contact characteristics, and an organic
EL display device comprising such organic electrolumines-
cence display element and a driving circuit for driving the
display element can be obtained.

[0097] Specifically, low resistance characteristics can be
achieved by the above-mentioned lamination film of metal.
Further, the contact resistance between a driving circuit
connecting terminal 2b and a cathode supplementary wire 3
and the contact resistance between a cathode pattern 7 and
a cathode supplementary wire 3 can be maintained to a low
resistance.

[0098] The present invention provides a large effect in
case that the number of supplementary wires is at lest 30
whereby the electric power consumption is large and the
degree of deterioration of the contact resistance is large as in
a conventional organic EL display element.

[0099] In assuming a usual case that the pixel size is 300
umx300 um, the number of anodes is 100, the current
efficiency is 1 cd/A and the luminance is 300 cd/m?, the
current flowing into cathodes exceeds 50 mA when the duty
ratio is 1/30 and the number of cathodes is at least 30. Since
the number of supplementary wires (the number of wiring)
is the same as the number of cathodes, the current flowing
into the supplementary wires exceeds 50 mA.

[0100] On the other hand, when a metallic material used
conventionally for supplementary wires is Cr; the contact
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size is 200 umx200 pm and the power consumption per 200
1mx200 yum exceeds about 200 mW, there would often occur
the peeling-off or deterioration of the contact metal due to
generated heat whereby the contact resistance may be dete-
riorated.

[0101] On the other hand, the contact resistance of the
metallic material used conventionally for the supplementary
wires is about 5Q per 200 umx200 um under the above-
mentioned conditions, and the power consumption becomes
250 mW.

[0102] Accordingly, the present invention using the
supplementary wires having a low contact resistance and
being capable of maintaining the low resistance value is
particularly useful in such circumstances.

[0103] The constituent members used in the present inven-
tion, such as the conductive layer, organic EL layer, resist,
parting agent, resin for the insulation film and so on may be
known materials as described in, for instance, “Organic EL
material and Display” (published by CMC Co., Ltd.) other
than the above-mentioned materials, unless they are against
the spirit of the present invention.

EXAMPLES

[0104] In the following, several examples of the present
invention will be described. Examples 1 and 2 are Examples.

Example 1

[0105] An organic EL display element was prepared
according to the above-mentioned explanation. The content
of each process is the same as the above unless described
specifically.

[0106] First, an ITO film of 150 nm was formed by a D.C.
sputtering method on a silica coat layer of a soda lime glass
substrate 1 of 0.7 mm having the silica coat layer of 20 nm
formed by sputtering.

[0107] Then, patterning of a resist was carried out by a
photolithographic process, and then, the ITO film was
etched by using a mixed aqueous solution of hydrochloric
acid and nitric acid, followed by peeling off the resist,
whereby anode patterns 2a and driving circuit connecting
terminals 2b were obtained.

[0108] As the resist, a phenol novolack resin was used,
and monoethanol amine was used as the resist parting agent.

[0109] Then, a lamination film of metal comprising a Mo
layer, an Al—Nd layer and a Mo layer in sequence was
formed. In each film thickness of layers constituting the
lamination film of metal, the lower Mo layer was 100 nm,
the AI—Nd layer was 300 nm and the upper Mo layer was
100 nm.

[0110] Then, patterning of the resist was carried out by a
photolithographic process. The lamination film of metal was
etched by using an etching liquid composed of a mixed
aqueous solution of phosphoric acid, acetic acid and nitric
acid, and the resist was pecled off, whereby patterned
cathode supplementary wires 3 were formed. As the resist,
a phenol novolack resin was used, and as the resist parting
agent, monoethanol amine was used.

[0111] Spin coating of a polyimide film was carried out to
obtain an insulation film 4 having a thickness of 1.4 um.
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patterning was conducted to the insulation film by a photo-
lithographic process, followed by curing it at 320° C,
whereby insulation film patterns 4 having apertures 4a for
pixels corresponding to pixel portions were obtained as
shown in FIGS. 1 and 2.

[0112] By conducting the curing, the resistance of the
Al—Nd layer could be lowered. It is supposed that Nd
moves to the grain boundary of Al by the heat of curing.

[0113] An aperture for a pixel was of 300 yumx300 #m and
a contact portion 4b between a cathode and a supplementary
wire was of 200 gmx200 um.

[0114] The film thickness of the insulation film patterns 4
after curing was 1.0 yum.

[0115] Then, spin coating of a photosensitive acrylic resin
was carried out, and then, patterning of the resin was carried
out by a photolithographic process, followed by curing it at
200° C., whereby a pattern for separating cathodes 5 was
obtained. A negative type photosensitive resin was used.

[0116] Thereafter, irradiation of oxygen plasma was con-
ducted by using a parallel plate type RF plasma device to
modify the surface of the ITO film. Then, an organic EL
layer and cathodes were formed by vacuum deposition
through a mask by using a vacuum deposition device.

[0117] Specifically, plasma processing of RIE (reactive
ion etching) mode was carried out for 60 sec under plasma
processing conditions of a flow rate of oxygen of 50 sccm
(50 mL/min in a standard state), a total gas pressure of 6.7
Pa and 1.5 kW.

[0118] Then, an interface layer composed of copper phtha-
locyanine (hereinbelow, referred to as CuPc), a hole trans-
port layer composed of N,N'-di(naphthalene-1-yl)-N,N'-
diphenyl-benzidine (hereinbelow, referred to as a-NPD), a
light emitting layer composed of Alg, an electron injection
layer composed of LiF and cathodes of Al were formed to
have 10 nm, 60 nm, 50 nm, 0.5 nm and 200 nm, respectively.

[0119] Among these, the interface layer of CuPc, the hole
transport layer of a-NPD, the light emitting layer of Alq and
the electron injection layer of LiF constitute the organic EL
layer.

[0120] With respect to the hole transport layer, a tripheny-
lamine type material such as triphenyldiamine (hereinbelow,
referred to as TPD) can be used instead of a-NPD. Thus,
patterned organic EL portions 6 comprising the organic EL
layer and cathode patterns 7 were formed.

[0121] FIG. 5 shows contact characteristics of a cathode
and a cathode supplementary wire of the element thus
prepared. On the other hand, FIG. 6 shows contact charac-
teristics between the cathode and the cathode supplementary
wire in a case that Cr having a film thickness of 300 nm is
used for the cathode supplementary wire. In FIGS. § and 6,
contact resistances are resistance values per 200 umx200

um.

[0122] Comparison of FIG. 5 with FIG. 6 has revealed the
following. When Cr is used for the cathode supplementary
wire and it is kept at 105° C., the contact resistance increases
remarkably. On the other hand, when the lamination film of
metal comprising a Mo layer, an AI—Nd layer and a Mo
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layer (Mo/Al—Nd/Mo) is used, the contact resistance is low
from the beginning and there is no deterioration even though
it is kept at 105° C.

[0123] Further, since the specific resistance of AlI—Nd of
the cathode supplementary wire is about 4.5 uQm, the
resistance of the wire is suppressed to about ¥ in compari-
son with the case of using Cr under the condition that the
film thickness is the same.

[0124] When a cathode supplementary wire having a layer
containing Mo at its surface is used instead of the cathode
supplementary wire of Cr, an oxidized layer is formed on the
Mo surface. However, the above-mentioned difference is
resulted because the oxidized Mo film is a good conductor
and oxygen in the oxidized Mo film is prevented from
diffusing into the material of the cathode. Thus, it can be
considered that the cathode supplementary wire possesses
stably low resistance contact characteristics when the Mo
layer is formed at its front surface.

Example 2

[0125] An organic EL display element was prepared
according to the above-mentioned explanation, in the same
manner as the case of Example 1. Contents of each process
are the same as Example 1 unless specifically described.

[0126] FIG. 3 is a plan view of the organic EL display
element obtainable in Example 2. FIGS. 4A to 4C are
cross-sectional views taken along B-B' in FIG. 3, showing
each process.

[0127] First, an ITO film of 150 nm was formed, and
anode patterns 2a and driving circuit connecting terminals
2b were obtained in the same manner as Example 1.

[0128] Then, a lamination film of metal comprising a
Mo—YV layer, an Al—Nd layer and a Mo—V layer in
sequence was formed by a D.C. sputtering method.

[0129] In the film thickness of the lamination film of
metal, the lower Mo—V layer was 100 nm, the Al—Nd
layer was 300 nm and the upper Mo—YV layer was 100 nm
in general thickness. The concentration of V in the Mo—V
layer was 20 atomic % in order to assure anti-corrosion
properties.

[0130] Then, pattering of the resist was carried out by a
photolithographic process and the resist was peeled off in the
same manner as Example 1. Mo—V and Al—Nd can be
etched all together with an etching liquid. Thus, patterned
cathode supplementary wires 3 were formed.

[0131] With respect to the patterning process to the ITO
film and the pattering process to the metallic film, the ITO
film and the metallic film can be formed in this order by
sputtering, followed by pattering the metallic film and the
ITO film sequentially.

[0132] Then, insulation film patterns 4 having apertures 4a
for pixels were obtained in the same manner as Example 1.
The insulation film patterns 4 were formed so that contact
portions 4b for cathode supplementary wires were formed
on the patterned cathode supplementary wires 3 as shown in
FIG. 4A.

[0133] Thus, the insulation film patterns 4 define a surface
area where cathodes contact cathode supplementary wires
whereby fluctuation of the contact resistance between a
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cathode and a cathode supplementary wire can be reduced.
Further, the resistance of AlI—Nd can be reduced by the
curing.

[0134] Then, a cathode scparating pattern 5 was obtained
in the same manner as Example 1. Then, organic EL layer
portions and cathodes were formed by vacuum deposition.

[0135] In this Example, the surface of the Mo—V layer
was cleaned beforehand because there is a case that a residue
or the like produced at the time of developing the cathode
separating layer remains on the surface of the Mo—V layer,
or the surface of Mo—V is oxidized. By such cleaning
treatment before the vacuum deposition of the cathodes, the
contact resistance itself can be low, fluctuation of the contact
resistance can be reduced and reliable contact characteristics
can be maintained.

[0136] As a treatment before the vacuum deposition of the
organic EL layer, dry etching may be conducted by using a
mixed gas of oxygen and CF, enabling etching of the
Mo—YV layer. Then, it is possible to remove a contaminant
on Mo—V and a part of the surface layer of Mo—V to
thereby clean it.

[0137] Specifically, RIE mode dry etching was carried out
for 40 sec under plasma processing conditions of a CF, flow
rate of 50 sccm, an oxygen flow rate of 160 scem, a total
pressure of gas of 6.7 Pa and 1.5 kW.

[0138] Instead, a mixed gas of oxygen and SF; may be
used. In either case, the film thickness of Mo—V layer to be
removed is preferably smaller than the film thickness of Al
for the cathode. Since the film thickness of Al for the cathode
was 200 nm, the film thickness of the Mo—YV surface layer
to be removed was determined to be a preferred range of
from about 30 to 40 nm.

[0139] Thus, the contact portion 4b of cathode supplemen-
tary wire was formed by etching.

[0140] FIG. 4B is a cross-sectional view taken along B-B'
in FIG. 3 after the surface portion of the Mo—V layer has
been removed. FIG. 4B shows the contact portion 4b for the
cathode supplementary wire, which is recessed by etching.
Reference numeral 3' in the same figure indicates that the
patterned supplementary wire is partially etched.

[0141] Then, before the vacuum deposition of the organic
EL layer and the cathodes through a mask, irradiation of
oxygen plasma is carried out by using a parallel plate type
RF plasma device to modify the surface of the ITO film, in
the same manner as Example 1. However, the before-
mentioned plasma processing can be used for these dual
purposes because such treatment is rational.

[0142] Then, the patterned organic EL portions 6 com-
prising the organic EL layer and the cathode patterns 7 were
formed in the same manner as Example 1 except that the
irradiation of oxygen plasma was omitted. FIG. 4C shows
how to.

[0143] Thus, the contact area between the cathode and the
cathode supplementary wire is defined by the contact portion
of cathode supplementary wire 4b in this embodiment. By
this, the fluctuation of the contact area due to the positional
fluctuation of the mask for vacuum-depositing the cathodes
can be prevented.
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[0144] The contact characteristics between a cathode and
a cathode supplementary wire of the thus prepared element
exhibited an excellent result as shown in FIG. 7.

[0145] When FIG. 7 is compared with FIG. 5, it is found
that the initial value in FIG. 7 is far lower than that in FIG.
5 even in consideration of the difference between the Mo
layer and the Mo—YV layer and the difference of thicknesses,
and the influence of an applicable voltage is also slight.
Namely, it is found that the contact resistance in the case that
the surface of the layer containing Mo or a Mo alloy is
removed is low from the beginning in comparison with the
case that it is not removed, and there is no deterioration of
the contact resistance even though it is kept at 105° C.

[0146] This can be considered that a good contact resis-
tance is obtainable by removing the layer containing Mo or
a Mo alloy formed on the cathode supplementary wire by
etching so that the cleaned layer containing Mo or the Mo
alloy is connectable to a cathode.

Example 3

[0147] An organic EL display element was prepared
according to the above explanation, in the same manner as
Example 1. Contents of each process are same as Example
1 except that a lamination layer of metal comprising a
Mo—Nb layer, an AI—Nd layer and a Mo—Nb layer in
sequence was formed by a D.C. sputtering method wherein
in the thickness of constituent layers of the lamination film
of metal, the lower Mo—NbD layer was 100 nm, the Al—Nd
layer was 300 nm and the upper Mo—Nb layer was 100 nm
instead of that the lamination film of metal comprising the
Mo layer, the AI—Nd layer and the Mo layer in sequence
was formed by the D.C. sputtering method wherein in the
film thickness of constituent layers of the lamination film of
metal, the lower Mo layer was 100 nm, the Al—Nd layer
was 300 nm and the upper Mo layer was 100 nm.

[0148] The content of Nb in Mo—Nb was 10 atomic %. If
the content of Nb exceeds 20 atomic % in the application of
etching with an etching liquid composed of a mixed aqueous
solution of phosphoric acid, acetic acid and nitric acid after
the formation of the lamination film of metal by the D.C.
sputtering method, the etching process is difficult. Accord-
ingly, it should be 20 atomic % or less.

[0149] The contact characteristics between the cathode
and the cathode supplementary wire of the thus formed
element are the same as that of the case using the Mo layer,
the AI—Nd layer and the Mo layer for the supplementary
wire. However, when the structure described in this Example
is applied to the supplementary wire, anti-corrosion prop-
erties to moisture in Mo can be improved remarkably, and
reliability to the element can be improved. In order to
improve the anti-corrosion properties to moisture, the con-
tent of Nb in Mo—Nb is preferably 5 atomic % or more.

[0150]

[0151] As described above, according to the present
invention, an organic EL display element provided with a
cathode supplementary wire wherein the wire itself has a
low resistance, a low contact resistance to a cathode and a
driving circuit connecting terminal can be maintained, and
reliable contact characteristics can be presented, an organic
EL display device and a manufacturing technique for such
organic EL display element can be provided.

Industrial Applicability
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[0152] The present invention is useful for an organic EL
display element or an organic EL display device usable for
an information display panel, a instrument panel for a
vehicle, a display for displaying dynamic pictures or still
pictures, and so on, home electric appliances, vehicles,
electric equipment for two-wheel vehicles and so on.

[0153] The entire disclosures of Japanese Patent Applica-
tion No. 2002-109682 filed on Apr. 11, 2002 and Japanese
Patent Application No. 2002-252296 filed on Aug. 30, 2002
including specifications, claims, drawings and summaries
are incorporated herein by reference in their entireties.

What is claimed is:

1. An organic electroluminescence display element com-
prising a first conductive layer, a second conductive layer
opposed to the first conductive layer, a driving circuit
connecting terminal connected electrically to the first con-
ductive layer via a supplementary wire and an organic
electroluminescence layer disposed between the first con-
ductive layer and the second conductive layer, wherein the
supplementary wire has at least one surface layer as a layer
containing Mo or a Mo alloy.

2. The organic electroluminescence display element
according to claim 1, wherein the first conductive layer is
connected to the layer containing Mo or a Mo alloy.

3. The organic electroluminescence display element
according to claim 1, wherein the second conductive layer is
made of ITO.

4. The organic electroluminescence display element
according to claim 1, wherein the supplementary wire has a
layer made of Al, an Al alloy, Ag or an Ag alloy.

5. The organic electroluminescence display element
according to claim 1, wherein the first conductive layer is
connected to an etched surface of the layer containing Mo or
a Mo alloy.

6. The organic electroluminescence display element
according to claim 1, wherein the portion connected to the
layer containing Mo or a Mo alloy, of the first conductive
layer is defined by an insulation film.

7. The organic electroluminescence display element
according to claim 1, wherein the Mo alloy contains Nb.

8. The organic electroluminescence display element
according to claim 7, wherein the content of Nb in the Mo
alloy is 5 to 20 atomic %.

9. The organic electroluminescence display element
according to claim 1, wherein the number of supplementary
wires is at least 30.

10. The organic electroluminescence display element
according to claim 1, wherein the portion connected to a
supplementary wire, of the first conductive layer contains Al
or an Al alloy.

11. An organic electroluminescence display element com-
prising a first conductive layer, a second conductive layer
opposed to the first conductive layer, a driving circuit
connecting terminal connected electrically to the first con-
ductive layer via a supplementary wire and an organic
electroluminescence layer disposed between the first con-
ductive layer and the second conductive layer, wherein the
supplementary wire comprises at least 3 layers including a
layer containing Mo or a Mo alloy as a surface layer and a
layer containing Al or an Al alloy formed below the surface
layer.

12. An organic electroluminescence display device com-
prising the organic electroluminescence display element
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described in claim 1 and a driving circuit for driving the
organic electroluminescence display element.

13. A method for producing an organic electrolumines-
cence display element which comprises connecting electri-
cally one of conductive layers formed by interposing an
organic electroluminescence layer, to a driving circuit con-
necting terminal via a supplementary wire, wherein the
connecting electrically includes a step of forming a layer
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containing Mo or a Mo alloy as the surface layer of the
supplementary wire connected to the conductive layer and a
step of etching the layer containing Mo or a Mo alloy by
using gas containing at least CF, and oxygen or gas con-
taining at least CF, and oxygen.
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