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(57) ABSTRACT

An organic electroluminescence display device includes: a
lower electrode that is made of a conductive inorganic mate-
rial and formed in each of pixels arranged in a matrix in a
display area; a light-emitting organic layer that is in contact
with the lower electrode and made of a plurality of different
organic material layers including a light-emitting layer emit-
ting light; an upper electrode that is in contact with the light-
emitting organic layer, formed so as to cover the whole of the
display area, and made of a conductive inorganic matetial;
and a conductive organic layer that is in contact with the upper
electrode, formed so as to cover the whole of the display area,
and made of a conductive organic material.
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ORGANIC ELECTROLUMINESCENCE
DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from Japa-
nese application JP 2013-206170 filed on Oct. 1, 2013, the
content of which is hereby incorporated by reference into this
application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic elec-
troluminescence display device.

[0004] 2. Description of the Related Art

[0005] In recent years, image display devices (hereinafter
referred to as “organic EL (Electro-Luminescence) display
devices”) using a self-luminous body called an organic light-
emitting diode (OLED) have been put to practical use. Since
the self-luminous body is used, the organic EL display
devices are superior in terms of visibility and response speed,
compared to a related-art liquid crystal display device, and in
addition, a further reduction in thickness is possible because
an auxiliary lighting device such as a backlight is not neces-
sary.

[0006] In a so-called top-emission display device of the
organic EL display devices, light is emitted toward the side of
asubstrate on which elements are formed. In the top-emission
display device, an upper electrode of the upper electrode and
a lower electrode as two electrodes that interpose an organic
layer including a light-emitting layer therebetween is an elec-
trode that covers the whole surface ofa display area where the
organic layer is formed, and is formed of a transparent con-
ductive material. The upper electrode is desirably formed
thinner for improving the light transmittance. However, as the
upper electrode becomes thinner, the resistance value rises
and a voltage drop occurs. For this reason, unevenness of
luminance is likely to occur between an edge portion of the
display area and a central portion of the display area.

[0007] In an organic EL display device disclosed in JP
2010-027504 A, a routed wiring provided in a non-display
area on the outside of a display area of a sealing substrate that
is arranged to face an element substrate is connected with a
cathode of the element substrate, for achieving the low resis-
tance of a cathode as an upper electrode and achieving a
narrow picture-frame. Moreover, in an organic EL display
device disclosed in JP 2008-511100 A, when two or more
light-emitting layers of different colors are stacked to emit
light, an intermediate connection layer is provided between
the light-emitting layers.

SUMMARY OF THE INVENTION

[0008] Itis considered that the above-described organic EL
display devices are effective for achieving the low resistance
of the cathode. However, the manufacturing process is com-
plicated, and it is difficult to eliminate the unevenness of
luminance between the edge portion of the display area and
the central portion of the display area.

[0009] The invention has been made in view of the circum-
stances described above, and it is an object of the invention to
provide an organic EL display device in which the low resis-
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tance of an upper electrode formed on the whole surface of a
display area is achieved without complicating the manufac-
turing process.

[0010] Anorganic EL display device according to an aspect
of the invention includes: a lower electrode that is made of a
conductive inorganic material and formed in each of sub-
pixels arranged in a matrix in a display area; a light-emitting
organic layer that is in contact with the lower electrode and
made of'a plurality of different organic material layers includ-
ing a light-emitting layer emitting light; an upper electrode
that is in contact with the light-emitting organic layer, formed
so as to cover the whole of the display area, and made of a
conductive inorganic material; and a conductive organic layer
that is in contact with the upper electrode, formed so as to
cover the whole of the display area, and made of a conductive
organic material.

[0011] In the organic EL display device according to the
aspect of the invention, the conductive organic layer may be
formed on the inside of the upper electrode in a plan view.
[0012] The organic EL display device according to the
aspect of the invention may further include, on the conductive
organic layer, a sealing film that covers the outsides of the
conductive organic layer and the upper electrode in the plan
view and is made of an inorganic material.

[0013] In the organic EL display device according to the
aspect of the invention, the conductive organic layer may
planarize irregularities of the upper electrode.

[0014] The organic EL display device according to the
aspect of the invention may further include a conductive
inorganic film that is in contact with a surface of the conduc-
tive organic layer on the side opposite to a surface thereof on
which the upper electrode is formed, formed to cover the
whole of the display area, and made ofa conductive inorganic
material.

[0015] In the organic EL display device according to the
aspect of the invention, the conductive organic layer may be
formed of a charge generation layer.

[0016] In the organic EL display device according to the
aspect of the invention, the light-emitting organic layer may
have a configuration in which a plurality of the light-emitting
layers are disposed in a tandem arrangement, and a charge
generation layer may be arranged between the plurality of
light-emitting layers.

[0017] In the organic EL display device according to the
aspect of the invention, an inorganic substance for increasing
conductivity may be added to a material of the conductive
organic layer.

[0018] In the organic EL display device according to the
aspect of the invention, the conductive organic layer may
include ions injected after deposition.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 is a diagram schematically showing an
organic electroluminescence display device according to an
embodiment of the invention.

[0020] FIG. 2 is a diagram schematically showing a cross-
section taken along the II-II in FIG. 1.

[0021] FIG. 3is a diagram showing detailed configurations
ofa cross-section of a sub-pixel and a cross-section of an edge
portion.

[0022] FIG. 4 is a plan view schematically showing areas
where a conductive organic film, an upper electrode, and a
sealant are arranged.
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[0023] FIG. 5is a diagram showing the case where any of
an R light-emitting layer, a G light-emitting layer, and a B
light-emitting layer is formed in a light-emitting organic
layer.

[0024] FIG. 6 is a diagram showing the case where the
light-emitting organic layer includes the B light-emitting
layer and a Y light-emitting layer disposed in a tandem
arrangement.

[0025] FIG. 7 is a diagram showing the case where the
light-emitting organic layer includes the B light-emitting
layer and an R+G light-emitting layer disposed in a tandem
arrangement.

[0026] FIG. 8isa diagram showing the case where ions are
injected into a conductive organic film in FIG. 5.

[0027] FIG.9isadiagram showing the case where ions are
injected into a conductive organic film in FIG. 6.

[0028] FIG. 10 is a diagram showing the case where ions
are injected into a conductive organic film in FIG. 7.

[0029] FIG. 11 is a diagram showing the case where the
thickness of the conductive organic film is changed.

[0030] FIG. 12 is a diagram showing another case where
the thickness of the conductive organic film is changed.

DETAILED DESCRIPTION OF THE INVENTION

[0031] Hereinafter, an embodiment of the invention will be
described with reference to the drawings. In the drawings, the
same or equivalent elements are denoted by the same refer-
ence numerals and signs, and a redundant description is omit-
ted.

[0032] FIG.1 schematically shows an organic electrolumi-
nescence display device 100 according to the embodiment of
the invention. As shown in the drawing, the organic electrolu-
minescence display device 100 includes two substrates, a
TFT (Thin Film Transistor) substrate 120 and a counter sub-
strate 150, between which a transparent resin filler 221 (refer
to FIG. 2) is sealed. A display area 205 composed of pixels
210 arranged in a matrix is formed in the TFT substrate 120
and the counter substrate 150 of the organic electrolumines-
cence display device 100. The pixel 210 is composed of three
sub-pixels 212 from which lights corresponding to three col-
ors of R (red), G (green), and B (blue) are emitted.

[0033] A driver IC (Integrated Circuit) 182 as a driver cir-
cuit that applies, to a scanning signal line of a pixel transistor
arranged in each of the pixels 210, a potential for providing
electrical continuity between the source and drain of the pixel
transistor, and also applies, to a data signal line of each of the
pixel transistors, a voltage corresponding to the gray-scale
value of the pixel is placed on the TFT substrate 120. More-
over, an FPC (Flexible Printed Circuit) 181 for inputting
image signals or the like from the outside is attached to the
TFT substrate 120. In the embodiment, each of the sub-pixels
212 includes an organic electroluminescence element that
emits white light, and the lights having wavelength ranges
corresponding to the respective colors are emitted using color
filters corresponding to the respective colors and arranged on
the counter substrate 150. However, a configuration maybe
adopted in which each of the pixels includes an OLED that
emits a different color of light. Moreover, in the embodiment,
the organic electroluminescence display device 100 is a top-
emission type organic electroluminescence display device
that emits light toward the side of the TFT substrate 120 on
which a light-emitting layer is formed, as indicated by the
arrow in the drawing. However, the organic electrolumines-
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cence display device 100 may be a bottom-emission type
organic electroluminescence display device.

[0034] FIG. 2 is a diagram schematically showing a cross-
section taken along the II-IT in FIG. 1. As shown in the
cross-sectional view, a TFT circuit layer 121 in which TFT
circuits are formed, a plurality of organic electrolumines-
cence elements 130 formed on the TFT circuit layer 121, and
a sealing film 125 covering the organic electroluminescence
elements 130 to block moisture are formed on the TFT sub-
strate 120. The organic electroluminescence elements 130 as
many as the sub-pixels 212 are formed. However, some of the
organic electroluminescence elements 130 are omitted in
FIG. 2 for facilitating the description. A color filter and black
matrix layer 151 including R, G, and B color filters and a
black matrix as a light-shielding film that blocks light emitted
through each boundary between the sub-pixels 212 is formed
on the counter substrate 150. The filler 221 between the TFT
substrate 120 and the counter substrate 150 is sealed by a
sealant 222.

[0035] FIG. 3 is a diagram showing detailed configurations
of a cross-section of the sub-pixel 212 of the organic elec-
troluminescence display device 100 and a cross-section of an
edge portion of the organic electroluminescence display
device 100. As shown in the drawing, the sub-pixel 212
includes: a passivation film 122 formed on the TFT circuit
layer 121 on the TFT substrate 120; a planarization film 123
made of an organic material and formed on the passivation
film 122; a lower electrode 131 formed on the planarization
film 123 and electrically connected with an electrode of the
TFT circuit layer 121; a pixel separation film 124 made of an
insulating film and covering an edge portion of the lower
electrode 131 to thereby separate the sub-pixels 212 from
each other; a light-emitting organic layer 132 formed on the
lower electrode 131 and the pixel separation film 124 so as to
cover the display area 205 and including an organic layer
including a light-emitting layer; an upper electrode 133
formed on the light-emitting organic layer 132 so as to cover
the display area 205 and made of a transparent conductive
film such as of ITO (Indium Tin Oxide); a conductive organic
film 134 formed so as to be in contact with the upper electrode
133 and made of a conductive organic material; and the seal-
ing film 125 made of an insulative organic film or multiple
layers of an insulative organic film and an inorganic film. The
light-emitting organic layer 132 is formed on the whole sur-
face of the display area 205. However, the light-emitting
organic layer 132 maybe formed in each of the sub-pixels 212
corresponding to the respective colors of R, G, and B. In this
case, the color filter and black matrix layer 151 may not be
formed. Moreover, the sealing film 125 may not be multiple
layers but a single layer.

[0036] For example, when the light-emitting organic layer
132 includes a plurality of light-emitting layers and the light-
emitting organic layer 132 has a so-called tandem arrange-
ment, a charge generation layer (CGL) may be deposited
between the light-emitting layers. Moreover, the conductive
organic film 134 may include a charge generation layer made
of a material similar to that of the above-described charge
generation layer. Irrespective of whether the light-emitting
organic layer 132 has a tandem arrangement or not, the con-
ductive organic film 134 may include a charge generation
layer. As the conductive organic material, polymer acetylene,
polythiophenes, and a polymer composite can be used. More-
over, PEDOT:PSS [Poly(3,4-ethylenedioxythiophene):Poly
(styrenesulfonate)] may be used as the conductive organic
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material. Further, as the material of the conductive organic
film 134, one obtained by adding an inorganic substance
having conductivity to a conductive organic material or a
non-conductive organic material through simultaneous for-
mation or co-evaporation may be used. As the inorganic sub-
stance having conductivity, amorphous carbon or a carbon
nanotube can be used. Moreover, quantum dots may be
formed. Moreover, performing ion implantation such as of,
for example, proton after deposition of the conductive organic
film 134 is also effective for improving the conductivity of the
conductive organic film 134.

[0037] Inthe drawing showing the cross-section ofthe edge
portion of the organic electroluminescence display device
100 shown in FIG. 3, the sealing film 125 is formed to the
edge portion of the organic electroluminescence display
device 100 on the passivation film 122 of the TFT substrate
120. The upper electrode 133 is formed to the inside (the
display area 205 side) of the edge portion of the organic
electroluminescence display device 100, and the conductive
organic film 134 is formed to the inside (the display area 205
side) of an edge portion of the upper electrode 133.

[0038] FIG. 4 is a plan view schematically showing areas
where the conductive organic film 134, the upper electrode
133, and the sealant 222 are arranged. For convenience of
description, in FIG. 4, the configurations on the outside of the
display area 205 are shown by hatching. In an area where the
configurations are overlapped each other, only a member
arranged on the uppermost side is shown by hatching. As
shown in the drawing, an outer perimeter 133a of an area
where the upper electrode 133 is deposited is on the outside of
an outer perimeter 205a of the display area 205 in the plan
view, and is on the inside of an inner perimeter of an area
where the sealant 222 is arranged. An outer perimeter 134a of
an area where the conductive organic film 134 is deposited is
on the outside of the outer perimeter 2054 of the display area
205, and is on the inside of the edge (the outer perimeter 133a)
of the upper electrode 133. By adopting such a configuration,
even when an organic material like the conductive organic
film 134 is arranged on the upper electrode 133, the conduc-
tive organic film 134 is confined between the sealing film 125
and the upper electrode 133. For this reason, moisture can be
prevented from entering the conductive organic film 134.
Moreover, the conductivity of the conductive organic film
134 can be made higher than that of a transparent electrode
such as of ITO constituting the upper electrode 133. For this
reason, since the conductive organic film 134 is formed in
contact with the upper electrode 133, the resistance of the
upper electrode 133 can be substantially reduced. Hence, by
forming the conductive organic film 134 on the upper elec-
trode 133 so as to cover the display area 205, the low resis-
tance of the upper electrode 133 is substantially achieved. For
this reason, the potential of a cathode can be maintained even
in a bright screen that requires a large current, so that image
quality can be improved.

[0039] FIGS. 5 to 10 are diagrams each schematically
showing a configuration example of the light-emitting
organic layer 132 and layers stacked in the light-emitting
organic layer 132 of the sub-pixel 212. In the drawings, a hole
transport layer (HTL) and an electron transport layer (ETL)
are not illustrated. FIG. 5 is a diagram showing the case where
any of an R light-emitting layer, a G light-emitting layer, and
aB light-emitting layer is formed in the light-emitting organic
layer 132. As shown in the drawing, the conductive organic
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film 134 is formed on the upper electrode 133. For this reason,
the conductivity of the upper electrode 133 can be substan-
tially increased.

[0040] FIG. 6 shows the case where the light-emitting
organic layer 132 includes a B light-emitting layer 141 and a
Y (yellow) light-emitting layer 143 disposed in a tandem
arrangement. In this case, since a charge generation layer 142
is arranged between the B light-emitting layer 141 and the Y
light-emitting layer 143, the B light-emitting layer 141 and
the Y light-emitting layer 143 can simultaneously emit light.
Even in the case of such a configuration, since the conductive
organic film 134 is formed on the upper electrode 133, the
conductivity of the upper electrode 133 can be substantially
increased. In this case, the conductive organic film 134 may
be formed of the same material as that of the charge genera-
tion layer 142.

[0041] FIG. 7 shows the case where the light-emitting
organic layer 132 includes the B light-emitting layer 141 and
an R+G light-emitting layer 144 disposed in a tandem
arrangement. In this case, by arranging the charge generation
layer 142 between the B light-emitting layer 141 and the R+G
light-emitting layer 144, the B light-emitting layer 141 and
the R+G light-emitting layer 144 can simultaneously emit
light. Even in the case of such a configuration, since the
conductive organic film 134 is formed on the upper electrode
133, the conductivity of the upper electrode 133 can be sub-
stantially increased. Similarly to FIG. 6, the conductive
organic film 134 may be formed of the same material as that
of the charge generation layer 142.

[0042] FIGS. 8 to 10 are diagrams showing the cases where
ions 148 are injected into the respective conductive organic
films 134 in FIGS. 5 to 7. Here, proton, for example, can be
used for the ions 148. With such a configuration, the conduc-
tivity of the conductive organic film 134 can be further
increased. Due to this, the resistance of the upper electrode
133 that is substantially in contact with the conductive
organic film 134 can be further reduced.

[0043] FIG. 11 is a diagram showing the case where the
thickness of the conductive organic film 134 is changed. The
conductive organic film 134 in FIG. 11 is formed thick so as
to fill steps generated by the pixel separation films 124. Since
the conductive organic film 134 is formed thick, the low
resistance is achieved, and therefore, the conductivity is
increased. For this reason, it is possible to achieve the lower
resistance of the upper electrode 133 that is substantially in
contact with the conductive organic film 134.

[0044] FIG. 12 is a diagram showing another case where
the thickness of the conductive organic film 134 is changed.
In this case, the conductive organic film 134 fills the steps
generated by the pixel separation films 124, and in addition,
an upper surface of the conductive organic film 134 is pla-
narized, which is different from the case of FIG. 11. Further,
a transparent conductive film 135 made of a conductive inor-
ganic material such as ITO is formed on the conductive
organic film 134 so as to cover the display area 205. With such
a configuration, the low resistance of the upper electrode 133
can be substantially achieved, and an upper surface of the
transparent conductive film 135 can be planarized. When the
sealing film 125 is formed of a plurality oflayers, the number
of layers constituting the sealing film 125 can be reduced due
to the planarization.

[0045] While there have been described what are at present
considered to be certain embodiments of the invention, it will
be understood that various modifications may be made
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thereto, and it is intended that the appended claim cover all
such modifications as fall within the true spirit and scope of
the invention.

What is claimed is:

1. An organic ELECTROLUMINESCENCE display
device comprising:

a lower electrode that is made of a conductive inorganic
material and formed in each of sub-pixels arranged in a
matrix in a display area;

a light-emitting organic layer that is in contact with the
lower electrode and made of a plurality of different
organic material layers including a light-emitting layer
emitting light;

an upper electrode that is in contact with the light-emitting
organic layer, formed so as to cover the whole of the
display area, and made of a conductive inorganic mate-
rial; and

a conductive organic layer that is in contact with the upper
electrode, formed so as to cover the whole of the display
area, and made of a conductive organic material.

2. The organic electroluminescence display device accord-

ing to claim 1, wherein

the conductive organic layer is formed on the inside of the
upper electrode in a plan view.

3. The organic electroluminescerce display device accord-
ing to claim 1, further comprising, on the conductive organic
layer, a sealing film that covers the outsides of the conductive
organic layer and the upper electrode in the plan view and is
made of an inorganic material.
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4. The organic electroluminescence display device accord-
ing to claim 1, wherein

the conductive organic layer planarizes irregularities of the

upper electrode.

5. The organic electroluminescence display device accord-
ing to claim 1, further comprising a conductive inorganic film
thatis in contact with a surface of the conductive organic layer
on the side opposite to a surface thereof on which the upper
electrode is formed, formed to cover the whole of the display
area, and made of a conductive inorganic material.

6. The organic electroluminescence display device accord-
ing to claim 1, wherein

the conductive organic layer is formed of a charge genera-

tion layer.

7. The organic electroluminescence display device accord-
ing to claim 1, wherein

the light-emitting organic layer has a configuration in

which a plurality of the light-emitting layers are dis-
posed in a tandem arrangement, and

acharge generation layer is arranged between the plurality

of light-emitting layers.

8. The organic electroluminescence display device accord-
ing to claim 1, wherein

an inorganic substance for increasing conductivity is added

to a material of the conductive organic layer.

9. The organic electroluminescence display device accord-
ing to claim 1, wherein

the conductive organic layer includes ions injected after

deposition.
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