US 20080074041A1

12 Patent Application Publication o) Pub. No.: US 2008/0074041 A1

a9y United States

Nakayama

43) Pub. Date: Mar, 27, 2008

(54) ORGANIC ELECTROLUMINESCENT
DISPLAY DEVICE AND METHOD FOR
PRODUCING THE SAME

(75) Inventor: Masaya Nakayama, Kanagawa

(P)

Correspondence Address:

BIRCH STEWART KOLASCH & BIRCH
PO BOX 747

FALLS CHURCH, VA 22040-0747

(73) Assignee: FUJIFILM Corporation

(21) Appl. No.:  11/892,390

(22) Filed: Aug. 22, 2007
(30) Foreign Application Priority Data
Sep. 25,2006 (JP) cccovvverververeereennn, 2006-259564

26

Publication Classification

(51) Int. CL
HOIL 51/54 (2006.01)
HOIL 51/56 (2006.01)
(52) US. Cl oo 313/504; 445/24
(57) ABSTRACT

An organic electroluminescent display device includes a
substrate, lower electrodes arranged in stripes on the sub-
strate, an insulating layer arranged on the lower electrodes,
upper transparent electrodes arranged in stripes in a direc-
tion intersecting with the lower electrodes, an organic elec-
troluminescent layer arranged between the lower electrodes
and the upper transparent electrodes, electrodes auxiliary to
the upper electrodes arranged on the insulating layer and
connected with the upper transparent electrodes, and insu-
lating barrier walls arranged on the insulating layer or the
electrodes auxiliary to the upper electrodes, the widths of
which are broadened in the upper portions, wherein the
upper electrodes are connected to the electrodes auxiliary to
the upper electrodes at a position between the insulating
layer and a region where the width of the insulating barrier
wall is broadest, and are connected within a region corre-
sponding to the broadest width of the insulating barrier wall;
and a method for producing the device.
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ORGANIC ELECTROLUMINESCENT
DISPLAY DEVICE AND METHOD FOR
PRODUCING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority under 35 USC 119
from Japanese Patent Application No. 2006-259564, the
disclosure of which is incorporated by reference herein.

BACKGROUND OF THE INVENTION

[0002] 1. Technical Field

[0003] The present invention relates to an organic elec-
troluminescent (EL) display device and a method for pro-
ducing the same.

[0004] 2. Description of the Related Art

[0005] There have been recent advancements in the devel-
opment of organic electroluminescent (EL) display devices
as thin type display devices.

[0006] FIG. 9 schematically shows one example of the
constitution of a display panel of an organic EL display
device. In an organic EL display panel 30, an organic EL
element is formed on a substrate 31 , and the EL element
includes an anode (lower electrode) 32, a hole transportation
layer 33, alight emitting layer 34, an electron transportation
layer 35, a cathode (upper electrode) 36, and a protective
layer (sealing member) 37 is also provided in order to
prevent degradation of the organic EL element due to
oxygen, moisture and the like.

[0007] When producing an organic EL display device
provided with the organic EL display panel 30 having the
above-described structure, the following steps may be car-
ried out.

[0008] On a substrate 31 made of a transparent material
such as glass, a transparent anode (extraction electrode) 32
made of ITO or the like is formed through vacuum deposi-
tion, and, subsequently, an insulating layer and barrier wall
(not shown) are formed. Then, by using a shadow mask, the
hole transportation layer 33, the light emitting layer 34, the
electron transportation layer 35 and the like are sequentially
formed in a predetermined position through vacuum depo-
sition (mask deposition), followed by film formation of the
cathode 36 made from Al, MgAg or the like. Incidentally,
the organic EL layer 38 is not limited to the configuration
shown in FIG. 9, but may have various configurations,
including, for example, a configuration having no transpor-
tation layers 33 and 35, or having an injection layer between
electrodes 32 and 36 and transportation layers 33 and 35, or
having a so-called multiphoton emission element in which
light emitting layers and the like are laminated in series.
[0009] By selectively applying a voltage between the
lower electrode (anode) 32 and the upper electrode (cathode)
36, the light emitting layer 34 emits light, and the light from
the light emitting layer 34 is made to leave the transparent
substrate 31 via the anode 32. Display panels in which the
light from the light emitting layer 34 is made to leave from
the transparent substrate 31 side in this way are referred to
as “bottom emission” panels.

[0010] Contrastingly, organic EL display panels having a
so-called “top-emission” structure, in which a transparent
electrode is used as an upper electrode and the light is made
to leave from the upper electrode side, have been also
developed.
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[0011] In transparent organic EL display panels, and
organic EL display panels having a top-emission structure or
the like, when a transparent electrode material such as ITO
or the like is used for an upper electrode or upper electrode
wiring, since such a transparent electrode material has a high
resistivity, the voltage at the cathode wiring portion
decreases by a large amount, and the element cannot be
supplied with sufficient voltage, and as a consequence the
brightness of the panel decreases. Known methods for
overcoming this problem include methods such as forming
an auxiliary electrode to be connected to the upper electrode
(for example, see Japanese Patent Application Laid-Open
(IP-A) Nos. 2005-203196, 2005-235491, and 2005-
267991).

[0012] FIG. 10 shows one example of the configuration of
an organic EL display panel of the related art that is provided
with an auxiliary electrode, and FIG. 11 schematically
shows the A-A' cross-section of an organic EL display panel
70. In FIGS. 10 and 11, components with the same symbols
indicate the same components. In the organic EL display
panel 70, after sequentially forming a lower electrode 72 and
an insulating layer 77 on a substrate 71, an auxiliary
electrode 74 for the upper electrode is formed so as to
protrude toward the inside of an emitting region at one
corner thereof. Then, an insulating barrier wall 76, an
organic EL layer 73, and an upper electrode 75 are formed
sequentially, wherein the portion 74a of the auxiliary elec-
trode 74 which protrudes toward the inside of the emitting
region, and the upper electrode 75 are connected to each
other (see JP-A No. 2004-103582).

[0013] However, there are problems when using a struc-
ture wherein a part of an auxiliary electrode is formed so as
to protrude towards the inside of the emitting region as
described above; namely, for example, the openings become
narrower, the effective pixel regions become smaller, and
more complex production processes are required.

SUMMARY OF THE INVENTION

[0014] According to an aspect of the invention, there is
provided an organic electroluminescent (EL) display device
comprising: a substrate, lower electrodes arranged in stripes
on the substrate; an insulating layer arranged on the lower
electrodes, upper transparent electrodes arranged in stripes
in a direction intersecting with the lower electrodes; an
organic EL layer arranged between the lower electrodes and
the upper transparent electrodes; electrodes auxiliary to the
upper electrodes arranged on the insulating layer and con-
nected with the upper transparent electrodes; and insulating
barrier walls arranged on the insulating layer or the elec-
trodes auxiliary to the upper electrodes, the width of the
insulating barrier walls being broadened toward upper por-
tions thereof; wherein the upper electrodes are connected to
the electrodes auxiliary to the upper electrodes at a position
between the insulating layer and a region where the widths
of the insulating barrier walls are broadest, and are con-
nected witing the region corresponding to the broadest width
of the insulating barrier wall.

[0015] According to another aspect of the invention, there
is provided a method for producing an organic EL display
device of an aspect of the invention, comprising sequentially
forming the lower electrodes, the insulating layer, the elec-
trodes auxiliary to the upper electrodes, the insulating barrier
walls, the organic EL layer, and the upper transparent
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electrodes, wherein the upper transparent electrodes are
formed by a sputtering method.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1A is a schematic plan view showing an
example of a panel which is the main part of the organic
electroluminescent (EL) display device according to the
present invention.

[0017] FIG. 1B is a partial cross-sectional view along the
A-A' line of the panel as shown in FIG. 1A.

[0018] FIG. 1C is a partial cross-sectional view along the
B-B' line of the panel as shown in FIG. 1A.

[0019] FIG. 2A is a schematic plan view showing an
example of the arrangement of the lower electrode (anode).
[0020] FIG. 2B is a partial cross-sectional view along the
A-A' line of the panel as shown in FIG. 2A.

[0021] FIG. 3A is a schematic plan view showing an
example of the arrangement of the insulating layer.

[0022] FIG. 3B is a partial cross-sectional view along the
A-A' line of the panel as shown in FIG. 3A.

[0023] FIG. 4A is a schematic plan view showing an
example of the arrangement of the electrode auxiliary to the
upper electrode.

[0024] FIG. 4B is a partial cross-sectional view along the
A-A' line of the panel as shown in FIG. 4A.

[0025] FIG. 5A is a schematic plan view showing an
example of the arrangement of the insulating barrier wall.
[0026] FIG. 5B is a partial cross-sectional view along the
A-A' line of the panel as shown in FIG. 5A.

[0027] FIG. 6A is a schematic plan view showing an
example of the arrangement of the organic EL layer.
[0028] FIG. 6B is a partial cross-sectional view along the
A-A' line of the panel as shown in FIG. 6A.

[0029] FIG. 7 is a schematic partial cross-sectional view
showing another example of the organic EL display panel
according to an aspect of the invention.

[0030] FIG. 8 is a schematic partial cross-sectional view
showing further another example of the organic EL display
panel according to an aspect of the invention.

[0031] FIG.9 is a schematic cross-sectional view showing
an example of the constitution of the organic EL display
panel.

[0032] FIG. 10 is a schematic plan view showing an
example of the constitution of an organic EL display panel
of the related art equipped with an electrode auxiliary to the
upper electrode.

[0033] FIG. 11 is a schematic cross-sectional view show-
ing the cross-section along the A-A' in FIG. 10.

DETAILED DESCRIPTION OF THE
INVENTION

[0034] Hereinafter, the organic electroluminescent (EL)
display device according to the present invention is
described in detail with reference to the attached drawings.
In FIGS. 1 to 9, components having the same symbol
indicate the same components, and the descriptions thereof
are omitted.

[0035] FIGS. 1A, 1B and 1C schematically show an
example of the organic EL display panel of the organic EL
display device according to an aspect of the invention. As
shown in FIG. 1B. in an organic EL display panel 10
according to an aspect of the invention, the width of an
insulating barrier wall 24 is broadened at an upper portion
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thereof. Further, an upper electrode 28 and an auxiliary
electrode 20 for the upper electrode 28 are connected to each
other at a position between an insulating layer 18, and a
region 25 where the width of the insulating barrier wall 24
is broadest, and are connected within the region 25 corre-
sponding to the broadest width of the insulating barrier wall
24 (i.e. connected nearer to the center portion of the insu-
lating barrier wall 24 than the boundaries of the region 25).
An organic EL display panel 10 according to an aspect of the
invention as described above, as well as a method for
producing the same, are described below.

<Substrate>

[0036] Firstly, on a substrate 12, lower electrodes (anode)
14 are formed in stripes. FIGS. 2A and 2B show an example
of the pattern of lower electrodes 14 formed in stripes on the
substrate 12.

[0037] For the substrate 12, such a transparent substrate as
glass or resin can be employed. For example, such a resin
substrate as polyester such as polyethylene terephthalate,
polybutylene phthalate and polyethylene naphthalate, poly-
styrene, polycarbonate, polyether sulfone, polyarylate, poly-
imide, polycycloolefin, norbornene resin, and poly(chlorot-
rifluoroethylene) can be used favorably.

[0038] In case where an organic EL display device having
a top-emission structure is to be produced, a non-transparent
substrate composed of metal can be employed because there
is no necessity for taking out the emitting light from the
substrate side. For example, when such a metal substrate as
stainless steel, Fe, Al, Ni, Co, Cu or an alloy thereof is used,
then a substrate having high gas barrier properties can be
obtained. Here, when such a metal substrate is used, an
insulating film for assuring electrical insulation propetrties
may be provided between the substrate 12 and the lower
electrode 14.

<Lower Electrode>

[0039] For the lower electrode 14 to be formed on the
substrate 12, a publicly known material for constituting the
anode of an organic EL element, including, for example,
such electroconductive metal oxides as tin oxides doped
with antimony or fluorine (ATO, FTO), tin oxide, zinc oxide,
indium oxide, indium tin oxide (ITO), indium zinc oxide
(IZ0), and zinc oxides doped with aluminum or gallium
(AZO, GZO) can be used favorably. Incidentally, when an
organic EL display device of a top-emission type is to be
produced, the lower electrode 14 need not be transparent,
but when an organic EL display device equipped with a
transparent organic EL display panel 10 is to be produced,
it is necessary to employ a transparent electrode as the lower
electrode 14, and ITO is preferred from the viewpoints of
electroconductivity, transparency etc.

[0040] Fora method for forming lower electrodes (anode)
14 in stripes on the substrate 12, a photolithographic process
can be employed for forming them in an intended pattern.
The same material as that for the lower electrode 14 may be
used for simultaneously forming an extraction wiring 16 for
the upper electrode (cathode).

[0041] The thickness of the lower electrode (anode) 14 is
not particularly limited, but it may be formed within a range,
for example, of around 10 nm to 1 pm, in particular 50 nm
to 200 nm. The anode 14 having such thickness can suffi-
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ciently function as the anode 14 of organic EL elements and,
at the same time, can give a sufficiently high transmittance
for visible light.

<Insulating Layer>

[0042] After forming the lower electrode 14, the insulating
layer 18 is formed. FIGS. 3A and 3B show an example of the
arrangement pattern of the insulating layer 18.

[0043] For the material for forming the insulating layer 18,
publicly known insulating materials can be employed,
including, for example, acrylic resin, polyimide resin and
amorphous fluorine-containing resin. In case where an
organic EL display device equipped with a transmissive
organic EL, display panel is to be produced, a material
having optical transmission properties for visible light is
used. For a method for forming the insulating layer 18, such
insulating material as described above may be coated on the
substrate 12 to be formed into an intended pattern by means
of photolithography. For the insulating layer 18, an inor-
ganic film may be also employed. For the inorganic film to
be used at that time, for example, such an oxide film or
nitride film as silicon oxide SiOx, silicon nitride SiNx,
tantalum oxide TaOx, or tantalum nitride TaNx can be
mentioned. For forming an inorganic film, a film is formed
by using vacuum deposition through a sputtering method or
a CVD method, thereafter photolithography is employed for
patterning, and then the film is etched to form the insulating
layer 18 in an intended pattern. In this connection, in an
aspect of the invention, the upper electrode 28 and the
auxiliary electrode 20 for the upper electrode, which are
formed later, are connected with each other at a position
between the portion 25 where the width of the insulating
barrier wall 24 is broadest and the insulating layer 18, and
inside the portion 25 where the width of the insulating
barrier wall 24 is broadest. Therefore, the insulating layer 18
can be formed with a relatively narrow width. By forming
the insulating layer 18 with a narrow width, it is possible to
make the opening ratio high.

[0044] The thickness of the insulating layer 18 is not
particularly limited, but it may be formed within a range, for
example, of around 100 nm to 10 pm, in particular 200 nm

to 2 pm.
<Auxiliary Electrode for Upper Electrode>

[0045] After forming the insulating layer 18, the auxiliary
electrode 20 for the upper electrode is formed on the
insulating layer 18. FIGS. 4A and 4B show an example of
the arrangement pattern of the auxiliary electrode 20 for the
upper electrode.

[0046] The auxiliary electrode 20 for the upper electrode
may be formed of a material having a lower resistivity than
the upper transparent electrode 28 described later. When the
upper transparent electrode 28 is formed of ITO, the material
for the auxiliary electrode 20 is preferably one containing at
least one of Mo, Cr and Ti from the viewpoint of the
contacting properties with ITO. By etching the material after
the patterning through photolithography, the auxiliary elec-
trode 20 for the upper electrode having an intended pattern
can be formed on the insulating layer 18. In an aspect of the
invention, the auxiliary electrode 20 for the upper electrode
and the upper transparent electrode 28 to be formed later are
connected with each other at the position inside the portion
25 where the width of the insulating barrier wall 24 is
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broadest, therefore it is possible to form the auxiliary
electrode 20 for the upper electrode with a relatively narrow
width. In addition, as shown in FIG. 4A for example, by
forming the auxiliary electrodes 20 for the upper electrode
so that they are separated by the insulating barrier wall 24 to
be formed later therebetween, it is possible to prevent the
short circuit between upper electrodes via the auxiliary
electrode 20.

[0047] The thickness of the auxiliary electrode 20 for the
upper electrode may be within a range of 50 nm to 5 pm,
preferably 50 nm to 500 nm, although it depends on the
height of the insulating barrier wall 24, and the thickness of
the organic EL layer 26 and the upper electrode 28.

[0048] When forming the auxiliary electrode 20 for the
upper electrode, it is also possible to simultaneously forming
the auxiliary electrode 22 for the lower electrode connected
to the lower electrode 14, or an extraction electrode 22 for
transmitting the signal from an external driving circuit to the
lower electrode 14 and the upper transparent electrode 28.
The auxiliary electrode 20 for the upper electrode, and the
auxiliary electrode 22 for the lower electrode or the extrac-
tion electrode 22 can be formed simultaneously with the
same material to allow the process to be simplified.

<Insulating Barrier Wall>

[0049] After forming the auxiliary electrode 20 for the
upper electrode, the insulating barrier wall 24 is formed.
FIGS. 5A and 5B show an example of the arrangement
pattern of the insulating barrier wall 24.

[0050] As shown in FIG. 5B, the insulating barrier wall 24
is so formed that the width thereof is broadened in the upper
portion, and that the portion 25 where the width is broadest
lies above the auxiliary electrode 20 for the upper electrode.
The insulating barrier wall 24 can be formed by using a
publicly known photosensitive resin and being patterned
through photolithography, and removing insoluble portions
through etching. This can results in forming the insulating
barrier wall 24 having an inversely tapered shape. In case
where a positive type photosensitive resin is used for the
insulating barrier wall 24, by controlling exposure condi-
tions, an inversely tapered shape can be obtained without
carrying out etching. Here, as shown in FIG. 5B, by forming
the insulating barrier wall 24 so as to separate two auxiliary
electrodes 20 for the upper electrode, it is possible to prevent
the short circuit between upper electrodes (cathode) 28 via
the auxiliary electrode 20, as described above.

[0051] The height of the insulating barrier wall 24 is not
particularly limited, but when it is in a range of around 0.2
um to 100 pm, preferably around 1 pm to 8 pum, more
preferably around 2 pm to 6 pum. then it is possible to easily
form the wall and, in addition, make the difference between
the width d at the bottom of the insulating barrier wall 24 and
the width D at the uppermost portion thereof comparatively
great, to lead to easily assure the connection between the
upper electrode 28 described later and the auxiliary elec-
trode 20 for the upper electrode. In this connection, in order
to easily assure the connection between the upper electrode
28 and the auxiliary electrode 20 for the upper electrode, it
is preferred to form the insulating barrier wall 24 so that the
difference between the width d at the bottom of the insulat-
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ing barrier wall 24 and the width D at the uppermost portion
thereof is 1 pum to 50 pm, preferably 2 um to 20 um, more
preferably 5 um to 10 um.

<Organic EL Layer>

[0052] After forming the insulating barrier wall 24, the
organic EL layer 26 is formed. FIGS. 6A and 6B schemati-
cally show the state where the organic EL layer 26 is formed.
In an aspect of the invention, at least a part of the organic EL
layer 26 can be formed by a resistance heating vacuum
deposition method with the use of a solid mask. For
example, by a resistance heating vacuum deposition method
with the use of a solid mask, a hole transportation layer, a
light emitting layer, and an electron transportation layer are
formed sequentially. On this occasion, such accurate align-
ment as in the mask deposition with the use of a stripe mask
or a pixel-by-pixel mask is not required, therefore the
organic EL layer can be formed easily. By forming respec-
tive layers in this way by a resistance heating vacuum
deposition method with the use of a solid mask without the
use of a strip mask or a pixel-by-pixel mask, as shown in
FIG. 6B, the organic EL layer 26 can be formed approxi-
mately uniformly on the lower electrode (anode) 14, the
insulating barrier wall 24 and the auxiliary electrode 20 for
the upper electrode. But, since a part of the upper face of the
auxiliary electrode 20 for the upper electrode is hidden
under the broadest portion 25 of the insulating barrier wall
24, almost no organic EL layer 26 is formed on portions
inside the portion 25 and the auxiliary electrode 20 for the
upper electrode is in an exposed state.

[0053] Examples of the material for use in the hole trans-
portation layer include, but are not limited to, carbazole
derivatives, triazole derivatives, oxazole derivatives, oxa-
diazole derivatives, imidazole derivatives, polyarylalkane
derivatives, pyrazoline derivatives, pyrazolone derivatives,
phenylenediamine derivatives, arylamine derivatives,
amino-substituted chalkone derivatives, styrylanthracene
derivatives, fluorenone derivatives, hydrazone derivatives,
stilbene derivatives, silazane derivatives, aromatic tertiary
amine compounds, styrylamine compounds, aromatic dim-
ethylidine-based compounds, porphyrin-based compounds,
organic silane derivatives, carbon, and various types of
metal complexes as represented by Ir complex having phe-
nylazole or phenylazine as a ligand.

[0054] The light emitting layer may be constituted of a
light emitting material alone, or have such constitution as a
mixed layer of a host material and a light emitting material.
The light emitting material may be a fluorescence light
emitting material, or a phosphorescence light emitting mate-
rial. One type, or two or more types of dopants may be used.
The host material is preferably a charge transporting mate-
rial. One type, or two or more types of host materials may
be used. For example, a constitution, in which an electron
transporting host material and a hole transporting host
material are mixed, can be mentioned.

[0055] Examples of the host material to be incorporated in
the light emitting layer include, but are not limited to, such
compounds as having a carbazole skeleton, a diarylamine
skeleton, a pyridine skeleton, a pyrazine skeleton, a triazine
skeleton or an arvlsilane skeleton, and materials as exem-
plified for the above-mentioned hole transportation layer and
an under-mentioned electron transportation layer.

[0056] Examples of the material for use in the electron
transportation layer include, but are not limited to, triazole

Mar. 27, 2008

derivatives, oxazole derivatives, oxadiazole derivatives,
imidazole derivatives, fluorenone derivatives, anthraquin-
odimethane derivatives, anthrone derivatives, diphe-
nylquinone derivatives, thiopyran dioxide derivatives, car-
bodiimide derivatives, fluorenylidene methane derivatives,
distyrylpyrazine derivatives, aromatic tetracarboxylic anhy-
drides such as naphthalene tetracarboxylic anhydride and
perylene tetracarboxylic anhydride, phthalocyanine deriva-
tives, various types of metal complexes as represented by
metal complex of 8-quinolinol derivatives, metal phthalo-
cyanine, and metal complex including benzoxazole or ben-
zothiazole as a ligand, and organic silane derivatives.

<Upper Transparent Electrode>

[0057] After forming the organic EL layer 26, upper
transparent electrodes 28 in stripes are formed in a direction
intersecting with plural lower electrodes 14 in stripes. For a
method for forming the upper transparent electrode 28, a
sputter deposition method is preferred. Argon ion beams are
irradiated to a target composed of a material for constituting
the upper transparent electrode 28 to form a film on the
organic EL layer 26. For the material for the upper trans-
parent electrode 28, 1TO is preferred in the viewpoints of
electroconductivity, transparency etc. The film formation by
a sputtering deposition method gives a better coverage as
compared with a resistance heating vacuum deposition
method, and the material discharged from the target accu-
mulates while turning around also to the under side of the
broadest portion 25 of the insulating barrier wall 24. Accord-
ingly, the upper transparent electrode 28 is formed even on
portions of the auxiliary electrode 20 for the upper electrode
where no organic EL layer 26 has been formed. As a result,
the upper electrode 28 and the auxiliary electrode 20 for the
upper transparent electrode can be connected with each
other at a position between the portion 25 where the width
of the insulating barrier wall 24 is broadest and the insulat-
ing layer 18, and inside the portion 25 where the width of the
insulating barrier wall 24 is broadest (i.e. connected nearer
to the center portion of the insulating barrier wall 24 than the
boundaries of the region 25).

<Sealing Member>

[0058] After forming the upper transparent electrode, in
order to prevent the degradation of the organic EL element
by moisture and oxygen, the organic EL element is covered
with a sealing member (protective layer) according to need.
For the sealing member, for example, glass, plastic etc. can
be employed.

[0059] By forming the organic EL display panel 10
according to the above-described steps, even when the
insulating layer 18 and the auxiliary electrode 20 are formed
slimly (narrowly), it is possible to assure the contact
between the upper transparent electrode 28 and the auxiliary
electrode 20 thereof under the portion 25 where the width of
the insulating barrier wall 24 is broadest, therefore the
voltage drop of the upper transparent electrode 28 can be
inhibited with the aid of the auxiliary electrode 20. In
addition, the organic EL layer 26 arranged between the
lower electrode 14 and the upper transparent electrode 28
works as pixels, and respective pixels have a rectangular
figure as can be seen in FIG. 1A. Accordingly, the organic
EL display panel 10 having been produced as described
above has a high opening ratio, and organic EL display
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devices equipped with such organic EL display panel 10 can
display images with high brightness and high fineness.

[0060] FIG. 7 shows another embodiment of the organic
EL display panel according to an aspect of the invention. In
this organic EL display panel 50, the insulating barrier wall
24 and an auxiliary electrode 52 for the upper electrode are
so formed that each of them is separated right and left on an
insulating layer 58. And, the organic EL layer 26 and the
upper electrode (cathode) 28 are sequentially formed on the
lower electrode (anode) 14 and the auxiliary electrode 52.
Again, the upper electrode 28 and the auxiliary electrode 52
for the upper electrode are connected with each other at the
position between the portion 25 where the width of the
insulating barrier wall 24 is broadest and the insulating layer
58, and inside the portion 25 where the width of the
insulating barrier wall 24 is broadest. In other words, even
an organic EL display panel 50 having a constitution as
shown in FIG. 7 can assure the connection between the
upper transparent electrode 28 and the auxiliary electrode 52
thereof under the portion 25 where the width of the insu-
lating barrier wall 24 is broadest. Therefore, the insulating
layer 58 and the auxiliary electrode 52 can be formed slimly
to give a high opening ratio.

[0061] FIG. 8 shows further another embodiment of the
organic EL display panel according to an aspect of the
invention. In an organic EL display panel 60, an auxiliary
electrode 62 for the upper electrode is formed on an insu-
lating layer 68, and further, on the auxiliary electrode 62 for
the upper electrode, the insulating barrier wall 24 is formed.
Then, on the lower electrode (anode) 14 and the auxiliary
electrode 62, the organic EL layer 26 and the upper trans-
parent electrode (cathode) 28 are sequentially formed. In this
case also, the upper electrode 28 and the auxiliary electrode
62 for the upper electrode are connected with each other at
the position between the portion 25 where the width of the
insulating barrier wall 24 is broadest and the insulating layer
68, and inside the portion 25 where the width of the
insulating barrier wall 24 is broadest. In addition, in the
organic EL display panel 60, the insulating barrier wall 24
is formed on the auxiliary electrode 62, therefore the insu-
lating layer 68 can be formed further slimily to give a more
higher opening ratio.

[0062] As described above, in the organic EL display
panel according to an aspect of the invention, the upper
transparent electrode and the auxiliary electrode thereof are
connected with each other at the position inside the portion
where the width of the insulating barrier wall is broadest to
give a high opening ratio. Therefore, organic EL display
devices equipped with such organic EL display panel can
display images with high brightness and high fineness.
Further, according to an aspect of the invention, when
forming the organic EL layer, since there is no necessity for
using a stripe mask or a pixel-by-pixel mask and, therefore,
an alignment mechanism with high accuracy, the organic EL
layer and the electrode auxiliary to the upper electrode can
be formed easily. Further, the electrode auxiliary to the
upper electrode (cathode) is previously formed on the sub-
strate side, therefore there is no necessity for forming an
auxiliary wiring after forming the upper electrode (cathode).
For example, it is also possible to simultaneously form the
electrode auxiliary to the upper electrode (cathode) in the
step for forming the electrode auxiliary to the lower elec-
trode (anode) and the extraction electrode. Consequently, it
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is possible to provide organic EL display devices that are
produced easily, consume low electric power, and have high
brightness.

[0063] Heretofore, the invention has been described, but
the invention is not limited to the above-described embodi-
ments. For example, for the shape of the insulating barrier
wall, it is not limited to the inversely tapered shape as shown
in FIG. 5B etc. in which the width is broadened continuously
toward the upper portion, as long as the width of the upper
portion is broadened. A shape in which the width is broad-
ened stepwise toward the upper portion or a shape of
so-called overhang may be usable.

[0064] Further, the instance where the upper electrode is a
cathode was described, but the invention can be applied, for
example, to an instance of a top emission type organic EL
display device where an anode is used for the upper elec-
trode.

[0065] According to the invention, there are provided an
organic EL display device that is equipped with an upper
transparent electrode and an auxiliary electrode thereof, has
a high opening ratio, and further can be produced easily; and
a method for producing the same.

[0066] Hereinafter, embodiments of the invention will be
described. However, the invention is not limited to these
embodiments.

[0067] [1] An organic electroluminescent display device
comprising:

[0068] a substrate;

[0069] lower electrodes arranged in stripes on the sub-
strate;

[0070] an insulating layer arranged on the lower elec-
trodes;

[0071] upper transparent electrodes arranged in stripes in

a direction intersecting with the lower electrodes;

[0072] an organic electroluminescent layer arranged
between the lower electrodes and the upper transparent
electrodes;

[0073] electrodes auxiliary to the upper electrodes
arranged on the insulating layer and connected with the
upper transparent electrodes; and

[0074] insulating barrier walls arranged on the insulating
layer or the electrodes auxiliary to the upper electrodes, the
widths of the insulating barrier walls being broadened
toward upper portions thereof;

[0075] wherein the upper electrodes are connected to the
electrodes auxiliary to the upper electrodes at a position
between the insulating layer and a region where the widths
of the insulating barrier walls are broadest, and are con-
nected within the region corresponding to the broadest width
of the insulating barrier wall.

[0076] [2] The organic electroluminescent display device
according to [1], wherein the electrodes auxiliary to the
upper electrodes are formed so as to be separated by the
insulating barrier walls.

[0077] [3] The organic electroluminescent display device
according to [1], comprising extraction electrodes that trans-
mit a signal from an external driving circuit to the lower
electrodes and the upper transparent electrodes, wherein the
extraction electrodes comprise the same material as the
electrodes auxiliary to the upper electrodes.

[0078] [4] The organic electroluminescent display device
according to [1], comprising electrodes auxiliary to the
lower electrodes that are connected to the lower electrodes,
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wherein the electrodes auxiliary to the lower electrodes
comprise the same material as the electrodes auxiliary to the
upper electrodes.

[0079] [5] The organic electroluminescent display device
according to [1], wherein the upper transparent electrodes
comprise ITO (Indium Tin Oxide).

[0080] [6] The organic electroluminescent display device
according to [5], wherein the auxiliary electrodes to the
upper electrodes comprise at least one selected from the
group consisting of Mo, Cr and Ti.

[0081] [7] The organic electroluminescent display device
according to [1], wherein the lower electrodes are transpat-
ent electrodes.

[0082] [8] A method for producing the organic electrolu-
minescent display device as described in [1], comprising
sequentially forming the lower electrodes, the insulating
layer, the electrodes auxiliary to the upper electrodes, the
insulating barrier walls, the organic electroluminescent
layer, and the upper transparent electrodes, wherein the
upper transparent electrodes are formed by a sputtering
method.

[0083] [9] The method for producing the organic elec-
troluminescent display device according to [8], wherein at
least a part of the organic electroluminescent layer is formed
by resistance heating vacuum deposition using a solid mask.
[0084] [10] The method for producing the organic elec-
troluminescent display device according to [8], wherein the
electrodes auxiliary to the upper electrodes are formed to be
separated by the insulating barrier walls.

[0085] [11] The method for producing the organic elec-
troluminescent display device according to [8], wherein the
organic electroluminescent display device comprises extrac-
tion electrodes that transmits a signal from an external
driving circuit to the lower electrodes and the upper trans-
parent electrodes, and the extraction electrodes comprise the
same material as the electrodes auxiliary to the upper
electrodes.

[0086] [12] The method for producing the organic elec-
troluminescent display device according to [8], wherein the
organic electroluminescent display device comprises elec-
trodes auxiliary to the lower electrodes that are connected to
the lower electrodes, and the electrodes auxiliary to the
lower electrodes comprise the same material as the elec-
trodes auxiliary to the upper electrodes.

[0087] [13] The method for producing the organic elec-
troluminescent display device according to [8], wherein the
upper transparent electrodes comprise ITO.

[0088] [14] The method for producing the organic elec-
troluminescent display device according to [13], wherein the
electrodes auxiliary to the upper electrodes comprise at least
one selected from the group consisting of Mo, Cr and Ti.
[0089] [15] The method for producing the organic elec-
troluminescent display device according to [8], wherein the
lower electrodes are transparent electrodes.

[0090] All publications, patent applications, and technical
standards mentioned in this specification are herein incor-
porated by reference to the same extent as if each individual
publication, patent application, or technical standard was
specifically and individually indicated to be incorporated by
reference.

What is claimed is:

1. An organic electroluminescent display device compris-
ing:

a substrate;

lower electrodes arranged in stripes on the substrate;
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an insulating layer arranged on the lower electrodes;

upper transparent electrodes arranged in stripes in a

direction intersecting with the lower electrodes;
an organic electroluminescent layer arranged between the
lower electrodes and the upper transparent electrodes;

electrodes auxiliary to the upper electrodes arranged on
the insulating layer and connected with the upper
transparent electrodes; and

insulating barrier walls arranged on the insulating layer or

the electrodes auxiliary to the upper electrodes, the
widths of the insulating barrier walls being broadened
toward upper portions thereof;

wherein the upper electrodes are connected to the elec-

trodes auxiliary to the upper electrodes at a position
between the insulating layer and a region where the
widths of the insulating barrier walls are broadest, and
are connected within the region corresponding to the
broadest width of the insulating barrier wall.

2. The organic electroluminescent display device accord-
ing to claim 1, wherein the electrodes auxiliary to the upper
electrodes are formed so as to be separated by the insulating
barrier walls.

3. The organic electroluminescent display device accord-
ing to claim 1, comprising extraction electrodes that transmit
a signal from an external driving circuit to the lower
electrodes and the upper transparent electrodes, wherein the
extraction electrodes comprise the same material as the
electrodes auxiliary to the upper electrodes.

4. The organic electroluminescent display device accord-
ing to claim 1, comprising electrodes auxiliary to the lower
electrodes that are connected to the lower electrodes,
wherein the electrodes auxiliary to the lower electrodes
comprise the same material as the electrodes auxiliary to the
upper electrodes.

5. The organic electroluminescent display device accord-
ing to claim 1, wherein the upper transparent electrodes
comprise ITO (Indium Tin Oxide).

6. The organic electroluminescent display device accord-
ing to claim 5, wherein the auxiliary electrodes to the upper
electrodes comprise at least one selected from the group
consisting of Mo, Cr and Ti.

7. The organic electroluminescent display device accord-
ing to claim 1, wherein the lower electrodes are transparent
electrodes.

8. A method for producing the organic electroluminescent
display device as described in claim 1, comprising sequen-
tially forming the lower electrodes, the insulating layer, the
electrodes auxiliary to the upper electrodes, the insulating
barrier walls, the organic electroluminescent layer, and the
upper transparent electrodes, wherein the upper transparent
electrodes are formed by a sputtering method.

9. The method for producing the organic electrolumines-
cent display device according to claim 8, wherein at least a
part of the organic electroluminescent layer is formed by
resistance heating vacuum deposition using a solid mask.

10. The method for producing the organic electrolumi-
nescent display device according to claim 8, wherein the
electrodes auxiliary to the upper electrodes are formed to be
separated by the insulating barrier walls.

11. The method for producing the organic electrolumi-
nescent display device according to claim 8, wherein the
organic electroluminescent display device comprises extrac-
tion electrodes that transmits a signal from an external
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driving circuit to the lower electrodes and the upper trans-
parent electrodes, and the extraction electrodes comprise the
same material as the electrodes auxiliary to the upper
electrodes.

12. The method for producing the organic electrolumi-
nescent display device according to claim 8, wherein the
organic electroluminescent display device comprises elec-
trodes auxiliary to the lower electrodes that are connected to
the lower electrodes, and the electrodes auxiliary to the
lower electrodes comprise the same material as the elec-
trodes auxiliary to the upper electrodes.
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13. The method for producing the organic electrolumi-
nescent display device according to claim 8, wherein the
upper transparent electrodes comprise [TO.

14. The method for producing the organic electrolumi-
nescent display device according to claim 13, wherein the
electrodes auxiliary to the upper electrodes comprise at least
one selected from the group consisting of Mo, Cr and Ti.

15. The method for producing the organic electrolumi-
nescent display device according to claim 8, wherein the
lower electrodes are transparent electrodes.
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