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ORGANIC ELECTROLUMINESCENCE
DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from the prior Japanese Patent Application
No0.2014-161625, filed on Aug. 7, 2014, the entire contents of
which are incorporated herein by reference.

FIELD

[0002] The present invention is related to a structure of a
pixel part in an organic electroluminescence display device
formed with a pixel using a light emitting element such as an
organic electroluminescence element.

BACKGROUND

[0003] An organic electroluminescence (referred to below
as [organic EL]) display device is provided with an organic
EL element in each pixel and displays an image by controlling
light emittance. An organic EL element has a structure in
which a layer (referred to below as [organic EL layer]) includ-
ing an organic EL material sandwiched between a pair of
electrodes wherein one is an anode electrode and the other is
a cathode electrode. In an organic EL display device, one of
the electrodes is provided as a pixel electrode for each pixel
and the other electrode is provided as a common pixel elec-
trode bridging a plurality of pixels and is supplied with a
common potential. In an organic EL display device, the light
emitted from a pixel is controlled by supplying a potential of
the pixel electrode for each pixel with respect to the potential
of the common pixel electrode.

[0004] Inan organic EL element, it is necessary for at least
the electrode on the side which outputs light emitted by an
organic EL layer to have translucency. Although a metal
semi-transparent film formed by an ultrathin film is some-
times used a translucent electrode, in many cases, the elec-
trode is formed using a transparent conductive film material
represented by ITO (indium added with tin oxide). For
example, in an organic EL display device, in the case where
the light emitted by an organic EL element in a pixel is output
from a common electrode side, a reflective surface of a metal
is provided on a pixel electrode and the common pixel elec-
trode is formed using a transparent electrode material.
[0005] A transparent conductive film material is a metal
oxide and becomes problematic since its resistance is high
compared to a metal material such as aluminum. In an organic
EL display device, because a common pixel electrode is
formed as an integrated electrode across roughly the entire
surface of a pixel region, when the area of the pixel region
becomes large, that is, when the size of the screen becomes
large, the effects of the resistance of the common pixel elec-
trode formed with a transparent conductive material cannot
be neglected. Image quality defects called shading occurs
when there are common pixel electrode resistance effects.
Shading is a phenomenon whereby when a drop in voltage
due to an increase in electrode resistance can no longer be
neglected, variation in luminosity occurs within a display
screen and display quality deceases. When shading occurs,
defects such as drop in luminosity of a central region com-
pared to an exterior side region of a screen become visible.
[0006] In order to solve this problem, providing auxiliary
wiring in a pixel part in order to reduce the resistance value of
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a common pixel electrode has been proposed. In order to
reduce apparent resistance of a common pixel electrode using
auxiliary wiring, it is necessary to connect the auxiliary wit-
ing with the common pixel electrode within a region of a pixel
part. In this case, since forming auxiliary wiring together with
aphotolithography process after forming an organic EL layer
is difficult because this causes the organic EL layer to dete-
riorate, usually it is preferred that the auxiliary wiring is
formed first.

[0007] Forthis reasons, a method for connecting a common
pixel electrode and auxiliary wiring by connecting the com-
mon pixel electrode and auxiliary wiring provided on a lower
layer thereof via a contact hole, and a method of physically
removing an organic EL layer and forming a contact in the
case where the organic EL layer exists between the common
pixel electrode and auxiliary wiring have been proposed.
[0008] For example, a structure is disclosed in Japanese
Laid Open Patent No. 2008-135325 in which auxiliary wiring
is formed in advance above a bank which encloses a pixel
electrode and the auxiliary wiring and common pixel elec-
trode are connected above the bank. The structure disclosed in
Japanese Laid Open Patent No. 2008-135325 is formed by
providing auxiliary wiring on a lower layer, center layer and
upper layer wherein the upper layer protrudes further than the
center layer and the lower layer is hidden beneath the peak of
the upper layer. Even when an organic EL layer is deposited
after a three structure auxiliary wiring is formed, the organic
EL layer is not deposited on the lower layer due to the peak of
the upper layer. When a common pixel electrode is formed
above an organic EL layer using a sputtering method and a
cover layer is wrapped around the lower layer of the auxiliary
wiring, it is possible to connect the common pixel electrode
with the auxiliary wiring even if a contact hole is formed.
[0009] As another example of connecting a common elec-
trode with auxiliary wiring, an organic EL device is disclosed
in Japanese Laid Open Patent No. 2005-268024 in which a
metal film is formed on upper surface of a bank and this is
used as the auxiliary wiring of the common pixel electrode. In
Japanese Laid Open Patent No. 2005-268024, when a metal
film which acts as an anode protective layer using a bank
having a T shape or reverse taper shape cross-sectional shape
as a mask is formed above an anode, a metal layer formed
above the bank is simultaneously used as auxiliary wiring.
Since the metal layer is separated from a metal layer depos-
ited on a lower layer due to the shape of the bank, this is used
as the auxiliary wiring of the common pixel electrode.
[0010] However, since the auxiliary wiring disclosed in
Japanese Laid Open Patent No. 2008-135325 and Japanese
Laid Open Patent No. 2005-268024 both contact with a com-
mon pixel electrode on a flat surface, a fixed area is taken up
within a region of a pixel part. As a result, the area which can
be used as a pixel is reduced and the aperture ratio is reduced.
[0011] When trying to achieve high definition of a pixel, it
is necessary to reduce pixel pitch and increase the number of
pixel per unit area. At this time, it is necessary to perform a
miniaturization process to provide auxiliary wiring above a
bank and it is difficult secure an area for contacting the aux-
iliary wiring with a common pixel electrode even if the aux-
iliary wiring can be miniaturized.

SUMMARY

[0012] According to one embodiment of the present inven-
tion, an organic electroluminescence display device includ-
ing a plurality of pixels located in a pixel part, a pixel elec-
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trode provided for each of the plurality of pixels, a first bank
provided between the plurality of pixels and covering a
periphery edge part of the pixel electrode, a second bank
provided on a first upper surface of the first bank and includ-
ing a second upper surface and a first side surface, the first
side surface intersecting the first upper surface and the second
upper surface, an auxiliary wiring provided on the second
upper surface of the second bank and including a third upper
surface and a second side surface intersecting the third upper
surface, an organic electroluminescence layer in contact with
the pixel electrode, the first bank, the second bank and the
auxiliary wiring, a common pixel electrode bridging the plu-
rality of pixels and covering the pixel electrode, the first bank,
the second bank, and the auxiliary wiring, wherein the
organic electroluminescence layer includes a first region and
asecond region separated from the first region, the first region
is in contact with the pixel electrode, the first upper surface,
and the first side surface, the second region is in contact with
the auxiliary wiring, and the common pixel electrode is in
contact with the second side surface of the auxiliary wiring.
[0013] According to one embodiment of the present inven-
tion, an organic electroluminescence display device includ-
ing a plurality of pixels located in a pixel part, a pixel elec-
trode provided for each of the plurality of pixels. a bank
provided between the plurality of pixels and covering a
periphery edge part of the pixel electrode, an auxiliary wiring
provided on the bank, an organic electroluminescence layer
in contact with the pixel electrode, the bank, and the auxiliary
wiring, a common pixel electrode bridging the plurality of
pixels and covering the pixel electrode, the bank, and the
auxiliary wiring, wherein an end part of the auxiliary wiring
is located on an upper surface of the bank so that the end part
and the upper surface forms a step part, the organic electrolu-
minescence layer is separated at the step part, and the com-
mon pixel electrode is in contact with a side surface part of the
auxiliary wiring.

[0014] According to one embodiment of the present inven-
tion, an organic electroluminescence display device includ-
ing a plurality of pixels located in a pixel part, a pixel elec-
trode provided for each of the plurality of pixels, a bank
provided between the plurality of pixels and covering a
periphery edge part of the pixel electrode, an auxiliary wiring
provided on the bank, an organic electroluminescence layer
in contact with the pixel electrode, the bank, and the auxiliary
wiring, a common pixel electrode bridging the plurality of
pixels and covering the pixel electrode, the bank, and the
auxiliary wiring, the bank includes a first side surface inter-
secting a main surface of the pixel electrode, the auxiliary
wiring includes a second side surface in contact with the first
side surface, the organic electroluminescence layer is sepa-
rated at the first side surface and the second side surface, and
the common pixel electrode is in contact with the second side
surface of the auxiliary wiring.

BRIEF DESCRIPTION OF DRAWINGS

[0015] FIG.1is adiagram showing a structure of an organic
EL display device related to one embodiment of the present
invention;

[0016] FIG.2A is a diagram showing a structure of a pixel
part of an organic EL display device related to one embodi-
ment of the present invention;

[0017] FIG. 2B is a diagram showing a structure of a pixel
part of an organic EL display device related to one embodi-
ment of the present invention;
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[0018] FIG. 3 is a diagram showing a cross-sectional struc-
ture of a pixel part of an organic EL display device related to
one embodiment of the present invention;

[0019] FIG. 4 is a diagram for explaining a connection
between a common pixel electrode and auxiliary wiring in a
pixel of an organic EL display device related to one embodi-
ment of the present invention;

[0020] FIG. 5A is a diagram for explaining a manufacturing
method of a pixel part of an organic EL display device related
to one embodiment of the present invention;

[0021] FIG. 5B is a diagram for explaining a manufacturing
method of a pixel part of an organic EL display device related
to one embodiment of the present invention;

[0022] FIG. 5Cis adiagram for explaining a manufacturing
method of a pixel part of an organic EL display device related
to one embodiment of the present invention;

[0023] FIG. 6is a diagram showing a cross-sectional struc-
ture of a pixel of an organic EL display device related to one
embodiment of the present invention;

[0024] FIG. 7 is a diagram for explaining a connection
between a common pixel electrode and auxiliary wiring in a
pixel of an organic EL display device related to one embodi-
ment of the present invention;

[0025] FIG. 8is a diagram showing a cross-sectional struc-
ture of a pixel of an organic EL display device related to one
embodiment of the present invention;

[0026] FIG. 9 is a diagram for explaining a connection
between a common pixel electrode and auxiliary wiring in a
pixel of an organic EL display device related to one embodi-
ment of the present invention;

[0027] FIG. 10A is a diagram for explaining a manufactur-
ing method of a pixel part of an organic EL display device
related to one embodiment of the present invention;

[0028] FIG. 10B is a diagram for explaining a manufactur-
ing method of a pixel part of an organic EL display device
related to one embodiment of the present invention;

[0029] FIG. 10C is a diagram for explaining a manufactur-
ing method of a pixel part of an organic EL display device
related to one embodiment of the present invention;

[0030] FIG. 11 is a diagram showing a cross-sectional
structure of a pixel of an organic EL display device related to
one embodiment of the present invention;

[0031] FIG. 12 is a diagram for explaining a connection
between a common pixel electrode and auxiliary wiring in a
pixel of an organic EL display device related to one embodi-
ment of the present invention;

[0032] FIG. 13 is a diagram showing a cross-sectional
structure of a pixel of an organic EL display device related to
one embodiment of the present invention;

[0033] FIG. 14A is a diagram for explaining a manufactur-
ing method of a pixel part of an organic EL display device
related to one embodiment of the present invention;

[0034] FIG. 14B is a diagram for explaining a manufactur-
ing method of a pixel part of an organic EL display device
related to one embodiment of the present invention; and
[0035] FIG. 14C is a diagram for explaining a manufactur-
ing method of a pixel part of an organic EL display device
related to one embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

[0036] Each embodiment of the present invention is
explained below while referring to the drawings. Further-
more, the disclosure is merely one example and various modi-
fications which conform to the premise of the invention and
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which could be easily conceived of by person ordinarily
skilled in the art are included within the scope of the present
invention. In addition, in order to further clarify explanation,
the drawings may be expressed schematically with respect to
the width, thickness and shape of each part compared to
actual appearance and are only examples and do not limit the
interpretation of the present invention. In addition, in the
specification and each drawing the same reference symbols
are attached to the same devices that have previously been
described or already exist in previous drawings and therefore
a detailed explanation is sometimes omitted where appropri-
ate.

[0037] Inthepresentspecification, in the case where certain
components or areas are present “over” or “under” and
“above” or “below” other components or areas, as long as
there are no particular limitations, this includes not only the
case where components or areas are directly above or directly
below other components or areas but also the case where
components or areas are above or below other components or
areas with other structural components provided in between.

First Embodiment

Organic EL Display Device

[0038] FIG. 1 shows a structure of an organic EL display
device 100 related to one embodiment of the present inven-
tion. The organic EL display device 100 is provided with a
pixel part 104 formed with a display screen above a substrate
102. A perpendicular scanning circuit 106 for inputting a
signal to the pixel part 104, a horizontal path circuit 108 and
adriver IC 110 etc. may be further added above the substrate
102 as other elements.

[0039] FIG. 2A shows an array of pixels 114 in the pixel
part 104, a bank 116 which encloses the pixels 114 and
auxiliary wiring 120 provided above the bank 116. A plurality
of pixels 114 are provided in the pixel part 104. Although an
example of the pixel part 104 is shown in FIG. 2A provided
with pixels 114 in a stripe shape, the arrangement of the pixels
114 may be a delta arrangement, a Bayer arrangement or an
arrangement which realizes a pentile structure.

[0040] The pixel 114 is enclosed by a partition wall called
the bank 116 which sections adjacent pixels. The auxiliary
wiring 120 is provided on an upper surface of the bank 116.
FIG. 2A shows a form in which the auxiliary wiring 120 is
provided to extend in one direction (for example Y direction)
along an array of pixels. FIG. 2B shows another form of the
auxiliary wiring 120 and shows another example in which the
wiring is provided to extend in a direction (for example X
direction) which intersects the direction described above. In
both the case shown in FIG. 2A and FIG. 2B the auxiliary
wiring 120 is provided so as to cover the entire pixel part 104.

Pixel Structure

[0041] A cross-sectional structure of a pixel along the line
A1-A2 shown in FIG. 2A is shown in FIG. 3. FIG. 3 shows a
form in which two pixels 114a are provided adjacent to each
other. An organic EL element 112 is provided in the pixel
114a. The organic EL element 112 has a structure in which an
organic EL layer 128 is sandwiched by a pixel electrode 126
and a common pixel electrode 130 provided facing the pixel
electrode 126. The pixel electrode 126 is provided indepen-
dently for each pixel and each is connected with a drive
element 125 formed from a transistor etc.
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[0042] A bank 116a is provided between two adjacent pix-
els. The bank 116« is provided so that an end part covers a
periphery edge part of the pixel electrode 126. When viewing
across-section of the bank 116a, the bank 1164 has an incline
surface (or taper part) which has a thickness which gradually
increases towards an inner side region from an end part which
overlaps the pixel electrode 126. The bank 1164 includes a
step part 121 which protrudes to the upper surface in a region
further to the interior side than an end part region which
includes the incline surface. That s, the bank 1164 includes a
first region having a thickness which gradually increases from
an end part region which overlaps the pixel electrode 126, and
a second region having a thickness which increases steeply
from an upper surface part of the first region forming the step
part 121. In the present embodiment, a part corresponding to
the first region is referred to as the first bank 1174 and a part
corresponding to the second region is referred to as the second
bank 118a for simplicity.

[0043] Auxiliary wiring 120 1is provided on an upper part of
the bank 116a. Specifically, the auxiliary wiring 120 is pro-
vided on an upper part of the second bank 118a. The auxiliary
wiring 120 is preferred to be formed from a metal material
having high conductivity, for example aluminum or silver and
the like. Furthermore, the auxiliary wiring 120 is not limited
to metal and can be formed using another material as long as
it is possible to reduce the apparent resistance of the common
pixel electrode 130. For example, the auxiliary wiring 120
may also be formed using a metal oxide material having
conductivity. It is possible to apply a material used in a trans-
parent electrode such as ITO (indium oxide added with tin
oxide) or IZO (indium oxide/zinc oxide) as the conductive
metal oxide material. Even in the case where the auxiliary
wiring 120 is formed using a metal oxide material, since the
resistance of the auxiliary wiring itself is reduced if the wiring
is formed thicker than the common pixel electrode 130, it is
possible to reduce the surface resistance of the common pixel
electrode 130.

[0044] Furthermore, the bank 1164 insulates the pixel elec-
trodes 126 of each adjacent pixel. Therefore, it is preferred
that the bank 116a is formed using an insulation material. For
example, the bank 116a is formed using an organic material
such as polyimide or acrylic or an inorganic material such as
silicon oxide and the like.

[0045] The organic EL display device shown in the present
embodiment outputs light emitted by the organic EL element
112 to the common pixel electrode 130 side or what is known
as a top emission type structure. Since the pixel electrode 126
reflects light emitted by the organic EL layer 128 to the
common pixel electrode 130 side, it is preferred that the pixel
electrode 126 is formed using a metal film with high reflec-
tance. Alternatively, the pixel electrode 126 may be formed
using a stacked structure of a metal film and transparent
conductive film including a light reflecting surface. On the
other hand, since the common pixel electrode 130 allows light
emitted by the organic EL layer 128 to pass through, it is
preferred that the common pixel electrode 126 is formed from
a transparent conductive film such as ITO (indium oxide
added with tin oxide) or IZO (indium oxide/zinc oxide) hav-
ing both translucency and conductivity. Alternatively, the
common pixel electrode 130 may be formed using a metal
layer having a thickness which allows output light to pass
through. Furthermore, although not shown in the diagram, it
is preferred that a protective film be provided on an upper part
of the common pixel electrode 130. As long as the protective
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film is an insulation film that can block the infiltration of
water, then a material such as a silicon nitride film may be
used.

[0046] The organic EL layer 128 is formed using a low
molecular or high molecular organic material. In the case
where a low molecular organic material is used, the organic
EL layer 128 may be formed including a hole injection layer
or electron injection layer sandwiching a light emitting layer
which includes an organic material with light emitting prop-
erties, and a hole transport layer or electron transport layer.
The light emitting layer included in the organic EL layer 128
may emit light in each of three colors red (R), green (G) and
blue (B) forming what is known as white light emittance.
[0047] The organic EL layer 128 and common pixel elec-
trode 130 are formed so as to cover the pixel electrode 126,
bank 116 and auxiliary wiring 120 while they are in a pro-
vided state. Since the organic EL layer 128 is formed to a
thickness of about 100 nm, the step part 121 in the bank 116a
orapart which protrudes from the first bank 1174 in which the
step part 121 is added to the auxiliary wiring 120 cannot be
covered and becomes separated. In other words, the organic
ELlayer 128 is provided so as to cover the upper surface of the
first bank 117a and the upper surface of the auxiliary wiring
120 from the pixel electrode 126, becomes separated by the
step part 121 and the side surface part of the auxiliary wiring
120 cannot be sufficiently covered.

[0048] Furthermore, in the case where the organic EL layer
128 in the organic EL element 112 includes a tandem type
structure in which a plurality of light emitting units including
onelight emitting layer are stacked vertically, an intermediate
conductive layer provided between the upper and lower light
emitting units conducts with an adjacent pixel which is a
problem. However, when the organic EL layer 128 is sepa-
rated by the step part 121, it is possible to prevent a leakage
current of the intermediate conductive layer specifically gen-
erated in a tandem type structure. p On the other hand, the
common pixel electrode 130 is sufficiently thicker than the
organic EL layer 128 and can be provided with a thickness
which can cover not only the step part in the bank 116a but
also the side surface part of the auxiliary wiring 120. In the
case where a metal layer having a thickness that allows output
light to pass through is used as the common pixel electrode
130, a transparent conductive film may be further stacked on
the metal layer to a thickness sufficient to cover the step part
121. For example, the thickness of common pixel electrode
130 is preferred to be 1.5 to 5 times the thickness of the
organic EL layer 128 so that it is possible to cover a side
surface part of the auxiliary wiring 120 without receiving the
effects of the step part 121. In this way, since the common
pixel electrode 130 is in contact with at least the side surface
part of the auxiliary wiring 120. It is possible obtain electrical
conductivity with the auxiliary wiring 120. For example, in
the case where the thickness of the organic EL layer 128 is
100 nm, the height of the step part 121 may be set to 200 nm
to 1000 nm.

[0049] When the connection structure of the common pixel
electrode 130 and the auxiliary wiring 120 shown in FIG. 3 is
explained from the viewpoint of a manufacturing method, the
organic EL layer 128 is preferred to be formed with a film
formation method with comparatively bad step covering
properties with respect to the bank 1164 and a cover film
surface provided with the auxiliary wiring 120, and the com-
mon pixel electrode 130 is preferred to be formed with a film
formation method with good step covering properties. For
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example, it is preferred that the organic EL layer 128 is
formed with directionality and the common pixel electrode
130 is formed with a formation method having a low direc-
tionality and good wrapping. As a specific example, the
organic EL layer 128 is preferred to formed using a vacuum
evaporation method and the common pixel electrode 130 is
preferred to be formed using a sputtering method or vapor
deposition method so that a cover film wraps up to the step
part compared to a vacuum evaporation method.

[0050] Inaddition, since the organic EL layer 128 is formed
after forming the auxiliary wiring 120 when seen from a
stacking order, the organic EL layer 128 is attached to the
upper surface part of the auxiliary wiring 120. Since the
organic EL layer 128 includes a relatively thin layer with high
resistance, even if the common pixel electrode 130 is formed
above this, electrical conductivity can be made with the aux-
iliary wiring 120. However, when the organic EL layer 128 is
separated by the step part 121 and the side surface part of the
auxiliary wiring 120 is exposed, it is possible to electrically
connect the common pixel electrode 130 with the auxiliary
wiring 120 using this part. In other words, by forming the
common pixel electrode 130 bridging a plurality of pixels, the
common pixel electrode 130 is electrically connected with
the auxiliary wiring 120 at the side surface part of the auxil-
iary wiring 120 exposed above the step part 121. In this way,
the resistance of the common pixel electrode 130 can be
substantially reduced by the auxiliary wiring 120 and display
defects can be controlled.

Connection Between Common Pixel Electrode and Auxiliary
Wiring

[0051] Asis shown in the present embodiment, a structural
schematic view is shown in FIG. 4 in the case where a second
bank 118 is provided above the first bank 117¢ and the
auxiliary wiring 120 is further provided above the second
bank 118a. The step part 121 is provided via the second part
118a on an upper part of the first bank 117a. When the film
thickness of the organic EL layer 128 is smaller than the
height of the step part 121, that is, the height of the second
bank 118q, it is difficult for the organic EL layer 128 to
completely cover the step part 121.

[0052] Here, in FIG. 4, the film thickness of the organic EL
layer 128 is given as d1, the height of the second bank 118a is
givenas d2, and the total thickness of the organic EL layer 128
and the common pixel electrode 130 is given as d3. In addi-
tion, the film thickness of the hole injection layer 132, light
emitting layer 133 and electron injection layer 134 included
in the organic EL layer 128 are given HIL, dEM and dEIL
respectively.

[0053] When the height d2 of the second bank 1184 is set
larger than the film thickness d1 of the organic EL layer 128
(d1<d2> and there are no effects of wrapping of the organic
BL layer 128, it is almost impossible to bury the side surface
part of the auxiliary wiring 120 in the organic EL layer 128.
On the other hand, in the case where the total film thickness of
the organic EL layer 128 maintaining these conditions and the
common pixel electrode 130 provided above is thicker than
the height of the second bank 1184, it is possible to contact the
common pixel electrode 139 at the side surface part of the
auxiliary wiring 120.

[0054] In addition, in the case shown in FIG. 4, even if the
film thickness d1 of the organic EL layer 128 is larger than the
height of the second bank 118q, if the condition that the total
film thickness (dHIL+dEM) of at least the hole injection layer
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132 with a comparatively high resistance and the light emit-
ting layer 133 is smaller than height d2 of the second bank
118a is satisfied ((dHIL+dEM)<d2), it is possible to reduce
the resistance of the common pixel electrode 130 more than
the auxiliary wiring 120. In this case, if the auxiliary wiring
120 and electron injection layer 134 are in contact and the
resistance of the electron injection layer 134 is sufficiently
low, it is possible to electrically connect the common pixel
electrode 130 with the auxiliary wiring 120 via the electron
injection layer 134.

[0055] Ineither case, since the common pixel electrode 130
is connected at the side surface part of the auxiliary wiring
120, if the thickness of the auxiliary wiring 120 is maintained
even when the space between adjacent pixels is narrow, the
area of the connection part is never reduced. Consequently, it
is possible to achieve a lower resistance of the common pixel
electrode 130 than the auxiliary wiring 120 even when trying
to achieve high definition of a pixel part.

Manufacturing Method

[0056] A process for connecting the common pixel elec-
trode 130 to the auxiliary wiring 120 is explained while
referring to FIG. 5A to 5C.

[0057] InFIG. 5SA, the pixel electrode 126 is formed above
the insulation layer 124 and the bank 1164 is formed so as to
cover a petiphery edge part. The bank 116a is preferred to be
formed using an organic material such as polyimide or acrylic
and may also be formed using an inorganic material such as
silicon oxide and the like. The bank 116« is preferred to be
formed so that the thickness ofa part corresponding to the first
bank 117a increases gradually towards the interior from the
end part which overlaps the pixel electrode 126. The auxiliary
wiring provided on an upper surface part of the bank 116a
may be formed using a metal material such as aluminum or
silver and a layer may be provided to achieve a good ohmic
connection using a titanium, molybdenum, tungsten or a
metal alloy selected from these (for example, molybdenum/
tungsten allow) so as to sandwich above and below the metal
layer.

[0058] As is shown in FIG. 5B, when the auxiliary wiring
120 is formed by etching, the step part 121 is provided by
etching the upper surface of the bank 1164 using the auxiliary
wiring 120 as a mask. In this way, by including the bank 116a
with regions with different thicknesses, it is possible to form
the first bank 117a in an exterior region of the auxiliary wiring
120 and the second bank 118a in a region which overlaps the
auxiliary wiring 120. Instead of this type of etching process,
the step part 121 may be realized by forming the second bank
118a on an upper surface of the first bank 117a and further
forming the auxiliary wiring 120 above the bank 118a.
[0059] FIG. 5C is shows a step of forming the organic EL
layer 128 and common pixel electrode 130. As explained
using FIG. 4, when the height of the step part 121 in the bank
1164 1s set higher than the film thickness of the organic EL
layer 128, the organic EL layer 128 cannot cover the step part
121 and the side surface part of the auxiliary wiring 120 is
exposed. At this stage, the common pixel electrode 130 is
formed so as to cover the side surface part of the auxiliary
wiring 120. In this way, it is possible to obtain an electrical
connection between the common pixel electrode 130 and
auxiliary wiring 120.

[0060] According to the present embodiment, by providing
the step part 121 on an upper surface part of the bank 116a,
providing the auxiliary wiring 120 aligned with the step part
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121 and electrically connecting the common pixel electrode
130 with the side surface part of the auxiliary wiring, it is
possible to reduce the surface resistance of the common pixel
electrode 130. As a result, it is possible to reduce shading
which is a problem in organic EL display devices. In the
present embodiment, by providing a connection part between
the common pixel electrode 130 and auxiliary wiring 120 on
aside surface part of the auxiliary wiring 120, itis possible to
reduce the area of the connection part when seen from a
planar view. That is, even in the case where a pixel is high
definition, the space between pixels (pixel pitch) becomes
narrow and the area of the upper surface part of the bank 1164
is reduced, it is possible to secure a sufficient contact area by
electrically connecting the common pixel electrode 130 at the
side surface part of the auxiliary wiring 120.

[0061] In the present embodiment, in the case where the
organic EL layer 128 is formed by a vacuum evaporation
method, it is possible to form an electrical connection struc-
ture between the common pixel electrode 130 and auxiliary
wiring 120 in a self-aligned manner by using poor step cov-
ering characteristics. In this case, by providing the step part
121 in the bank 1164, it is not necessary to make the thickness
of the auxiliary wiring 120 more than necessary which is
effective when miniaturizing the auxiliary wiring 120
together with high definition processing of a pixel part.
[0062] According to the present embodiment, it is possible
to reduce the surface resistance of the common pixel elec-
trode 130 by connecting the common pixel electrode 130 with
the side surface part of the auxiliary wiring 120 provided
above the bank 1164. In this way, it is possible to control
deterioration of an image quality of an organic EL display
device. In addition, since it is possible to reduce the film
thickness of the common pixel electrode 130 by provided the
auxiliary wiring 120. it is possible to achieve an improvement
in the extraction of light emitted by the organic EL element
112.

Second Embodiment

Pixel Structure

[0063] FIG. 6 shows the structure of a pixel 1145 in a pixel
part of an organic EL display device related to the present
embodiment. The bank 1165 in the pixel 1145 includes a
structure in which a first bank 1175 having an incline part
(taper part) in a region which overlaps at least the pixel
electrode 126, and a second bank 1185 which has a narrower
width than the first bank.

[0064] The second bank 11785 is preferred to be on an
upper surface part of the first bank 1175 and have an inclined
side surface. The auxiliary wiring 120 is provided so as to
cover a part (preferably the side surface part) or the entire
surface of the second bank 1185. The organic EL layer 128 is
provided above the first bank 1176 and second bank 1185
(above the auxiliary wiring 120) but separated from the step
part 122.

[0065] This is to provide the film thickness of the auxiliary
wiring 120 thicker than the film thickness of the organic EL
layer 128 and so that the organic EL layer 128 is separated by
the step part 122 formed by the auxiliary wiring 120. In this
way, at least one part of the end part side surface of the
auxiliary wiring 120 is exposed without being covered by the
organic EL layer 128. In order to obtain this form, the film
thickness of the auxiliary wiring 120 is preferred to be about
2 to 10 times the film thickness of the organic EL layer 128.
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For example, in the case where the film thickness of the
organic EL layer 128 is 100 nm, the film thickness of the
auxiliary wiring 120 may be set to 200 nm to 1000 nm, for
example 500 nm.

[0066] When the common pixel electrode 130 is provided
on an upper surface of the organic EL layer 128 in this state so
as to cover the step part 122, the common pixel electrode 130
is in contact with the end part side surface of the auxiliary
wiring 120. As a result, the common pixel electrode 130
becomes electrically connected with the auxiliary wiring 120.
[0067] Furthermore, since the cross-sectional structure
shown in FIG. 6 shows a structure corresponding to the line
A1-A2 shown in FIG. 2A, the auxiliary wiring 120 is pro-
vided to extend in at least one direction within a region of the
pixel part. In addition, although not shown in the diagram, it
is preferred thata protection film is provided in advance on an
upper part of the common pixel electrode 130. The protection
film may be an insulation film which blocks the infiltration of
water and a silicon nitride film may be used for example.
[0068] As is shown in the present embodiment, by increas-
ing the film thickness of the auxiliary wiring 120 and provid-
ing the step part 122 which separates the organic EL layer
128, it is possible to use the end part side surface of the
auxiliary wiring 120 as a connection region with the common
pixel electrode 130. By electrically connecting the common
pixel electrode 130 with the auxiliary wiring 120, it is pos-
sible to substantially reduce the surface resistance of the
common pixel electrode 130.

[0069] In the present embodiment, when the second bank
1185 is provided to protrude from an upper part of the first
bank 1175, it is possible to increase the extraction efficiency
of light emitted by the organic EL element 112 using this
structure.

[0070] For example, by setting the side surface of the sec-
ond bank 1186 as an incline surface which opens towards the
output direction of light and providing the auxiliary wiring
120 along the incline surface as is shown in FIG. 6, it is
possible to set the incline surface as a light reflecting surface
136. This reflecting surface 136 reflects the light output in an
oblique direction among the light emitted by the organic EL
element 112 as shown by the arrow in FIG. 6 and it is possible
to use the light as effective output light from the pixel 1145.
Furthermore, since the auxiliary wiring 120 is formed using a
metal material such as aluminum or silver and the like as
explained in the first embodiment, it is possible to expect the
reflecting surface 136 to have high reflecting properties.
[0071] When light output in an oblique horizontal direction
from the pixel 1145 enters an adjacent pixel, color mixing
occurs, the outline of display images become blurred and lead
to a deterioration in image quality. In order to solve this, it is
possible to control deterioration in image quality by provid-
ing the reflecting surface 136 adjacent to the pixel 1145 from
the second bank 1185 and auxiliary wiring 120 as in the
present embodiment.

Connection Between a Common Pixel Electrode and
Auxiliary Wiring

[0072] The form of an electrical connection between the
common pixel electrode 130 and auxiliary wiring 120 shown
in the present embodiment is explained while referring to
FIG. 7.

[0073] Inthe present embodiment, the end part side surface
of the auxiliary wiring 120 is located on the upper surface part
of the first bank 11754. The end part side surface of the auxil-
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iary wiring 120 formed the step part 122. When the film
thickness of the organic EL layer 128 is smaller than the
height of the step part 122, the organic EL layer 128 can not
completely cover the step part 122 and thereby at least one
part of the end part side surface of the auxiliary wiring 120 is
exposed.

[0074] The common pixel electrode 130 provided on an
upper surface of the organic EL layer 128 covers the step part
122. As aresult, the common pixel electrode is in contact with
the end part side surface of the auxiliary wiring 120 and the
common pixel electrode 130 and auxiliary wiring are electri-
cally connected.

[0075] InFIG. 7, the film thickness of the organic EL layer
128 is given as d1, the thickness of the auxiliary wiring 120 is
given as d4, and the total thickness of the organic EL layer 128
and the common pixel electrode 130 is given as d3. In addi-
tion, the film thickness of the hole injection layer 132, light
emitting layer 133 and electron injection layer 134 included
in the organic EL layer 128 are given HIL, dEM and dEIL
respectively.

[0076] At this time, when the thickness d4 of the auxiliary
wiring 120 is set larger than the film thickness dl of the
organic EL layer 128 (d1<d4> and there are no effects of
wrapping of the organic EL layer 128, the step part 122 carnot
be buried in the organic EL layer 128. On the other hand, in
the case where the total film thickness of the organic EL layer
128 maintaining these conditions and the common pixel elec-
trode 130 provided above is thicker than the height of the
second bank 1185, it is possible to contact the common pixel
electrode 130 at the end part side surface of the auxiliary
wiring 120.

[0077] In addition, in the case shown in FI1G. 7, even if the
film thickness d1 of the organic EL layer 128 is larger than the
film thickness of the auxiliary wiring 120, it is sufficient that
the condition that the total film thickness (dHIL+dEM) of at
least the hole injection layer 132 with a comparatively high
resistance and the light emitting layer 133 is smaller than the
film thickness d4 of the auxiliary wiring 120 is satisfied
((dHIL+dEM)<d4). In this case, the auxiliary wiring 120 and
electron injection layer 134 are in contact. If the resistance of
the electron injection layer 134 is sufficiently low, it is pos-
sible to electrically connect the common pixel electrode 130
with the auxiliary wiring 120 via the electron injection layer
134.

[0078] According to the present embodiment, by providing
the step part 122 via the auxiliary wiring 120 on an upper
surface part of the first bank 1175, it is possible electrically
connect the common pixel electrode 130 and auxiliary wiring
120. In this way, it is possible to reduce the surface resistance
of the common pixel electrode 130 and reduce shading which
is a problem in organic EL display devices.

[0079] Furthermore, by providing the second bank 1184 on
an upper part of the first bank 117 and providing the auxil-
iary wiring 120 along a side surface of the second bank 1184,
it is possible to use the side surface part as the reflecting
surface 136. That is, by reflecting the light output obliquely
among the light emitted by the organic EL element 112 in the
pixel 114, it is possible to increase the extraction efficiency of
light. In addition, since it is possible to prevent light leaking
to an adjacent pixel by providing the reflecting surface 126
adjacent to the pixel 114 from the second bank 1185 and
auxiliary wiring 120, it is possible to control a deterioration in
image quality. In addition, since it is possible to reduce the
film thickness of the common pixel electrode 130 by provid-
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ing the auxiliary wiring 120, translucency is improved and it
is possible to improve the extraction efficiency of light emit-
ted by the organic EL element 112.

Third Embodiment

Pixel Structure

[0080] FIG. 8 shows a structure of a pixel 118¢ in a pixel
part of an organic EL display device related to the present
embodiment. The pixel 114¢ includes a bank 116¢ which
covers a periphery edge part of a pixel electrode 126 of the
organic EL element 112 between pixels. The auxiliary wiring
120 is provided on the entire surface of the bank 116¢. The
end part of the bank 116¢ is located on an upper surface part
of the pixel electrode 126 to form a step part 123. Although
the organic EL layer 128 is provided above the pixel electrode
126 and auxiliary wiring 120, the organic EL layer 128 is
separated from the step part 123 by this part. The common
pixel electrode 130 is provided to cover the step part 123 and
is electrically connected by being in contact with the side
surface end part of the auxiliary wiring 120.

[0081] Itis preferable to set the height of the step part 123
to 2 to 10 times that of the film thickness of the organic EL.
layer 128 so that the organic EL layer 128 completely covers
the step part 123. It is preferred that the end part of the bank
116¢ and the end part of the auxiliary wiring 120 roughly
match and by taking into account the thickness of the auxil-
iary wiring 120 above the step part 123, it is possible to
securely separate the organic EL layer 128 at this part. Using
a different viewpoint, if the step part 123 is formed by the
bank 116¢ and the auxiliary wiring 120, it is not necessary to
increase the thickness of the bank 116¢ more than necessary
and it is possible to reduce material costs and achieve a
narrow gap when providing a sealing substrate. Furthermore,
although not shown in the diagram, it is preferred that a
protection film is provided on an upper part of the common
pixel electrode 130. As long as the protective film is an insu-
lation film that can block the infiltration of water, then a
material such as a silicon nitride film may be used.

[0082] In this way, it is possible to obtain conductivity
between the auxiliary wiring 120 and common pixel elec-
trode 130 by ensuring that the organic EL layer 128 does not
cover the step part 123 formed using the bank 116¢.

Connection Between Common Pixel Electrode and Auxiliary
Wiring

[0083] FIG. 9 shows a concept diagram for explaining a
connection between the common pixel electrode 130 and
auxiliary wiring 120 in the present embodiment. FIG. 9 shows
a form in which the organic EL layer 128 and bank 117¢ are
provided above the pixel electrode 126. The auxiliary wiring
120 is provided on an upper part of the bank 116¢ and pref-
erably the end parts of both match. When the height of the step
part 123 is larger than the film thickness of the organic EL
layer 128 dueto the bank 116¢, since the organic EL layer 128
covers the step part 123, a structure is obtained in which the
side surface end part of the auxiliary wiring 120 is not covered
by the organic EL layer 128.

[0084] InFIG.9, film thickness of the organic EL layer 128
is given as d1, the height of the bank 116¢ is given as d5, and
the total thickness of the organic EL layer 128 and the com-
mon pixel electrode 130 is given as d3. In addition, the film
thickness of the hole injection layer 132, light emitting layer

Feb. 11,2016

133 and electron injection layer 134 included in the organic
EL layer 128 are given HIL, dEM and dEIL respectively.
[0085] When the height d5 of the bank 116¢ is set larger
than the thickness d1 ofthe organic EL layer 128 (d1<d5>and
the organic EL layer 128 is separated in the step part 123, the
organic EL layer 128 can not completely cover the side sur-
face end part of the auxiliary wiring 120. On the other hand,
in the case where the total film thickness of the organic EL
layer 128 maintaining these conditions and the auxiliary wir-
ing 120 provided above is thicker than the height of the bank
116¢, the common pixel electrode 130 contacts the side sur-
face end part of the auxiliary wiring 120.

[0086] In addition, even if the film thickness dl of the
organic EL layer 128 is larger than the height of the bank
116¢, if the condition that the total film thickness (dHIL+
dEM) of at least the hole injection layer 132 with a compara-
tively high resistance and the light emitting layer 133 is
smaller than height d5 of the bank 116¢ is satisfied ((dHIL+
dEM)<d5), and if the auxiliary wiring 120 and electron injec-
tion layer 134 with a relatively small resistance are in contact,
it is possible to electrically connect the common pixel elec-
trode 130 with the auxiliary wiring 120 via the electron injec-
tion layer 134.

[0087] Inordertoexpose at least one part of the side surface
part of the auxiliary wiring 120 without the step part 123
covering the organic EL layer 128 by the bank 116c¢, it is
preferred to provide the step part 123 with 2 to 10 times the
height with respect to the film thickness of the organic EL
layer 128.

Manufacturing Method

[0088] A manufacturing method of an organic EL display
device related to the present embodiment is explained while
referring to FIG. 10A to FIG. 10C.

[0089] As is shown in FIG. 10A, an insulation film 138 is
formed in order to form a bank in order to bury the pixel
electrode 126. A metal film 140 is formed above the insulation
film 138 in order to form auxiliary wiring.

[0090] As is shown in FIG. 10B, the auxiliary wiring 120 is
formed by etching a metal film 140. Processing of the metal
film 140 can be performed by a photolithography process. At
this time, it is possible to form the bank 116¢ using a mask
pattern or manufactured auxiliary wiring 120 with respect to
the metal film 140. The end part of the bank 116¢ is located on
an upper surface of the pixel electrode 126 and the step part
123 is formed on this part. As described above, if the insula-
tion film 138 is etched using an etching mask of the auxiliary
wiring 120 or the auxiliary wiring 120, it is possible to match
the auxiliary wiring 120 with the end part of the bank 116¢.
The height of the step part 123 is equal to the film thickness of
the insulation film 138. The height of the step part 123 is
preferred to be formed 2 to 10 times the film thickness of the
organic EL layer 128 as described above.

[0091] As is shown in FIG. 10C, the organic EL layer 128
and common pixel electrode 130 are formed to cover the pixel
electrode 126 and step part 123. The organic EL layer 128 is
separated since the height of the step part 123 is the same or
more than the film thickness of the organic EL layer 128. As
a result, the side surface end part of the auxiliary wiring 120
is not covered by the organic EL layer 128 and atleast one part
is exposed. The common pixel electrode 130 is formed to
cover the step part 123 in this state. Since at least a part of the
side surface end part of the auxiliary wiring 120 is exposed, it



US 2016/0043161 Al

is possible to form a structure in which the common pixel
electrode 130 and the auxiliary wiring 120 are electrically
connected.

[0092] Furthermore, the step part can be viewed as being
formed via both the bank 116¢ and the auxiliary wiring 120
and in this case the film thickness of both the bank 116¢ and
auxiliary wiring 120 should be considered in order to obtain
the necessary height with respect to the step part 123. That is,
it is not necessary to increase the film thickness of only one of
the bank 116¢ or auxiliary 120 which is advantageous in
achieving miniaturization of a pixel part. In addition, since it
is possible to manufacture the auxiliary wiring 120 and bank
116¢ in the same mask process, it is possible to simplify
processing.

Modified Example

[0093] FIG. 11 shows an example in the case where the
height of the bank 116¢ is higher than the total film thickness
of the organic EL layer 128 and the common pixel electrode
130. Even in the case where the height of the step part 123
exceeds the total film thickness of the organic EL layer 128
and the common pixel electrode 130, it is possible to achieve
an electrical connection between the common pixel electrode
130 and the auxiliary wiring 120 by adjusting the form of the
bank 116¢ and auxiliary wiring 120.

[0094] Inthiscase, when etching the bank 116¢, processing
is performing by over-etching so that the bottom surface of
the auxiliary wiring 120 is exposed. In addition, the common
pixel electrode 130 is formed so as to wrap around the bottom
surface part of the auxiliary wiring 120. For example, by
over-etching the bank 116¢ using a sputtering method, vapor
deposition method or oblique deposition method, the com-
mon pixel electrode 130 is formed so as to wrap around the
bottom surface of part of the exposed auxiliary wiring 120.

[0095] This type of connection structure is explained while
referring to FIG. 12. The film thickness d5 of the bank 116¢ is
larger than the total thickness d3 of the organic EL layer 138
and common pixel electrode 130 (d5>d3). The auxiliary
wring 120 is provided so that an end part protrudes to the
exterior of the bank 116¢. That is, the auxiliary wiring 120
includes a structure in which not only the end part side surface
but a part of the bottom surface is exposed in an upper part of
the bank 116¢.

[0096] Even in the case where the common pixel electrode
130 is separated by the step part 123, the common pixel
electrode 130 is in contact with the bottom surface part of the
auxiliary wiring 120 along the partition wall of the bank 116¢.
In this way, it is possible to form an electrical connection
between the common pixel electrode 130 and the auxiliary
wiring 120.

[0097] According to the present embodiment, it is possible
to electrically connect the auxiliary wiring 120 and the com-
mon pixel electrode 130 using the step part 123 formed from
the bank 116¢. In this way, it is possible to reduce the surface
resistance of the common pixel electrode 130 and reduce
shading which is a problem in organic EL display devices. By
using the step part 123 from the bank 116c¢, it is not necessary
to increase the film thickness of the auxiliary wiring 120 more
than necessary. In other words, by providing the auxiliary
wiring so that the end part roughly matches above the bank
116¢, it is not necessary to increase the film thickness of the
bank 116¢ more than necessary.
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[0098] Asamanufacturing advantage, since it is possible to
form the bank 116¢ using the pattern of the auxiliary wiring
120, it is possible to simplify processing.

Fourth Embodiment

Pixel Structure

[0099] FIG. 13 shows a structure of a pixel part of an
organic EL display device related to the present embodiment.
In FIG. 13, a bank 1164 is provided between adjacent pixels.
The auxiliary wiring 120 is provided on an upper part of the
bank 1164. The bank 1164 includes a first bank 1174 and
second bank 1184.

[0100] The second bank 1184 is provided on an upper part
of the first bank 117d. A side surface of the second bank 1184
1s preferred to be an incline surface. The auxiliary wiring 120
is provided to cover a part (preferably the side surface part) or
entire surface of the second bank 1184. The organic EL layer
128 is provided above the auxiliary wiring 120 to cover the
upper surface part from the incline part of the first bank 1174
and the second bank 1184.

[0101] Since the cross-sectional structure shown in FIG. 13
shows the structure corresponding to the line A1-A2 shown in
FIG. 2A, the auxiliary wiring 120 is provided extending in at
least one direction within a region of the pixel part. In addi-
tion, although not shown in the diagram, it is preferred that a
protection film be provided on an upper part of the common
pixel electrode 130. As long as the protective film is an insu-
lation film that can block the infiltration of watet, then a
material such as a silicon nitride film may be used.

[0102] The first bank 117d is provided so as to cover a
periphery edge part of the pixel electrode 126. The end part of
the first bank 117d matches the end part of the auxiliary
wiring 120. The height of the first bank 1174 is provided to be
larger than the film thickness of the organic EL layer 128.
Although the organic EL layer 128 is formed above the pixel
electrode 126 and auxiliary wiring 120, due to the effects of
the step part via the first bank 1174, the organic EL layer 128
is separated at this part. Since the organic EL layer 128 is
separated by due to this step part 123, at least the side surface
end part of the auxiliary wiring 120 is exposed.

[0103] By providing the common pixel electrode 130 pro-
vided above the organic EL layer 128 so as to cover the step
part 123, the common pixel electrode 130 is in contact and
electrically connected with the side surface part of the auxil-
iary wiring 120,

[0104] Inthe present embodiment, the second bank 1184 is
provided to protrude on an upper part of the first bank 1174.
It is possible to increase the extraction efficiency of light
emitted by the organic EL element 112 using this structure.
[0105] For example, by opening the second bank 1184
towards the output direction of light to form an incline surface
and providing the auxiliary wiring 120 along the incline sut-
face as is shown in FIG. 13, it is possible to use the incline
surface as the light reflecting surface 136. As is shown by the
arrow in FIG. 13, the reflecting surface 136 reflects light
output in an oblique direction among the light emitted by the
organic EL element 112. In this way, it is possible to use the
light as effective output light from the pixel 114. As explained
in the first embodiment, since the auxiliary wiring 120 is
formed from a metal material such as aluminum or silver and
the like, the reflectance of the reflecting surface has the reflec-
tance of this metal.
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[0106] When light output in an oblique horizontal direction
from a pixel enters an adjacent pixel, color mixing occurs, the
outline of display images become blurred and lead to a dete-
rioration in image quality. In order to solve this, it is possible
to control deterioration in image quality by providing the
reflecting surface 136 adjacent to the pixel 1145 from the
second bank 1185 and auxiliary wiring 120 as in the present
embodiment.

Manufacturing Method

[0107] A manufacturing method of an organic EL display
device related to the present embodiment is explained while
referring to FIG. 14A to FIG. 14C.

[0108] As is shown in FIG. 14A, an insulation film 138 is
formed in order to bury the pixel electrode 126. The bank
1184 is formed above the insulation film 138 and a metal film
140 for forming auxiliary wiring is further formed on the
entire surface. The insulation film 138 is formed from organic
material such as polyimide or acrylic or an inorganic material
such as silicon oxide. The second bank 1184 is formed from
the same material. The metal film 140 may be formed using a
metal material such as aluminum or silver and a layer may be
provided to achieve a good ohmic connection using a tita-
nium, molybdenum, tungsten or a metal alloy selected from
these (for example, molybdenum/tungsten allow) so as to
sandwich above and below the metal layer.

[0109] Asis shown in FIG. 14B, the auxiliary wiring 120 is
formed by etching the metal film 140. Processing of the metal
film 140 can be performed by a photolithography process. At
this time, it is possible to form the first bank 1174 using a
mask pattern or manufactured auxiliary wiring 120 with
respect to the metal film 140. The end part of the first bank
117d is located on an upper surface of the pixel electrode 126
and the step part 123 is formed on this part. The end part of the
auxiliary wiring 120 and first bank 117d can be matched.
Although the height of the step part 123 is equal to the film
thickness of the insulation film 124, it is preferred that the
height of the step part 123 be formed 2 to 10 times the film
thickness of the organic EL layer 128 as described above.
[0110] As is shown in FIG. 14C, the organic EL layer 128
and common pixel electrode 130 are formed to cover the pixel
electrode 126 and auxiliary wiring 120. Since the height of
the step part 123 is more than the film thickness of the organic
EL layer 128, the organic EL layer 128 is separated by the step
part 123. As a result, the side surface end part of the auxiliary
wiring 120 is not covered by the organic EL layer 128 and at
least one part is exposed. The common pixel electrode 130 is
formed in this state so as to bury the step part 123. By expos-
ing at least one part of the side surface end part of the auxiliary
wiring 120, it is possible to form a structure in which the
common pixel electrode 130 and auxiliary wiring are electri-
cally connected. In this case, by providing the step part 123 in
the bank 1164, it is not necessary to increase the thickness of
the auxiliary wiring 120 more than necessary which is effec-
tive when miniaturizing the auxiliary wiring 120.

[0111] According to the present embodiment, it is possible
to electrically connect the auxiliary wiring 120 and common
pixel electrode 130 even when a step formed by the first bank
117d is used. By using a step formed by the first bank 1174, it
is not necessary to increase the film thickness of the auxiliary
wiring 120 more than necessary.

[0112] Inaddition, by providing the step part 123 using the
first bank 1174, it is possible to electrically connect the com-
mon pixel electrode 130 and auxiliary wiring 120. It is pos-
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sible to reduce the surface resistance of the common pixel
electrode 130 using the auxiliary wiring 120 when forming
the common pixel electrode 130 using a transparent conduc-
tive material. In this possible to reduce shading which is a
problem in organic EL display devices.

[0113] By providing the second bank 1184 on an upper part
of the first bank 1174 and providing the auxiliary wiring 120
along a side surface of the second bank 1184, it is possible to
use the side surface part as the reflecting surface 136. That is,
by reflecting the oblique output light among the light emitted
from the organic EL element 112 in the pixel 1144 using this
reflecting surface, it is possible to increase the extraction
efficiency of light. By providing the reflecting surface 136
adjacent to the pixel 114d from the second bank 1184 and
auxiliary wiring 120, it is possible to prevent light leaking to
an adjacent pixel and thereby control a deterioration in image
quality. In addition, by providing the auxiliary wiring 120, it
is possible to reduce the thickness of the common pixel elec-
trode 130 and thereby improve translucency and improve the
extraction efficiency of light emitted by the organic EL ele-
ment 112.

What is claimed is:

1. An organic electroluminescence display device compris-
ing:

a plurality of pixels located in a pixel part;

a pixel electrode provided for each of the plurality of pix-

els;

a first bank provided between the plurality of pixels and
covering a periphery edge part of the pixel electrode;

a second bank provided on a first upper surface of the first
bank and including a second upper surface and a first
side surface, the first side surface intersecting the first
upper surface and the second upper surface;

an auxiliary wiring provided on the second upper surface of
the second bank and including a third upper surface and
a second side surface intersecting the third upper sur-
face;

an organic electroluminescence layer in contact with the
pixel electrode, the first bank, the second bank and the
auxiliary wiring;

a common pixel electrode bridging the plurality of pixels
and covering the pixel electrode, the first bank, the sec-
ond bank, and the auxiliary wiring;

wherein the organic electroluminescence layer includes a
first region and a second region separated from the first
region;

the first region is in contact with the pixel electrode, the first
upper surface, and the first side surface;

the second region is in contact with the auxiliary wiring;
and

the common pixel electrode is in contact with the second
side surface of the auxiliary wiring.

2. The organic electroluminescence display device accord-
ing to claim 1, wherein the first upper surface includes an end
part,

the first side surface is located on an inside of the end part.

3. The organic electroluminescence display device accord-
ing to claim 2, wherein a height of the second bank is larger
than a thickness of the organic electroluminescence layer.

4. The organic electroluminescence display device accord-
ing to claim 2, wherein the organic electroluminescence layer
includes a hole injection layer, a light emitting layer and an
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electron injection layer, and a height of the second bank is
larger than a total thickness of the hole injection layer and the
light emitting layer.

5. The organic electroluminescence display device accord-
ing to claim 1, wherein the first bank includes an incline
surface having a film thickness increasing towards an interior
from an end part overlapping the pixel electrode, and an angle
formed by the first upper surface and the first side surface is
larger than an angle formed by the incline surface and a main
surface of the pixel electrode.

6. An organic electroluminescence display device compris-
ing:

a plurality of pixels located in a pixel part;

a pixel electrode provided for each of the plurality of pix-

els;

abank provided between the plurality of pixels and cover-
ing a periphery edge part of the pixel electrode;

an auxiliary wiring provided on the bank;

an organic electroluminescence layer in contact with the
pixel electrode, the bank, and the auxiliary wiring;

a common pixel electrode bridging the plurality of pixels
and covering the pixel electrode, the bank, and the aux-
iliary wiring;

wherein an end part of the auxiliary wiring is located on an
upper surface of the bank so that the end part and the
upper surface forms a step part;

the organic electroluminescence layer is separated at the
step part; and

the common pixel electrode is in contact with a side surface
part of the auxiliary wiring.

7. The organic electroluminescerce display device accord-
ing to claim 6, wherein a height of the step part is larger than
a thickness of the organic electroluminescence layer.

8. The organic electroluminescence display device accord-
ing to claim 6, wherein the organic electroluminescence layer
includes a hole imjection layer, a light emitting layer and an
electron injection layer, and a height of the step part is larger
than a total thickness of the hole injection layer and the light
emitting layer.

9. The organic electroluminescence layer display device
according to claim 6, wherein the bank includes a first bank
and a second bank,

the first bank is in contact with the pixel electrode, a top
surface of the first bank forming the step part,

the second bank is formed on the top surface, has an end
part located on an inside of the step part, and is provided
on a lower layer side of the auxiliary wiring.
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10. The organic electroluminescence display device
according to claim 9, wherein the second bank includes an
incline surface and the auxiliary wiring is provided along at
least the incline surface.

11. An organic electroluminescence display device com-
prising:

a plurality of pixels located in a pixel part;

a pixel electrode provided for each of the plurality of pix-

els;

a bank provided between the plurality of pixels and cover-
ing a periphery edge part of the pixel electrode;

an auxiliary wiring provided on the bank;

an organic electroluminescence layer in contact with the
pixel electrode, the bank, and the auxiliary wiring;

a common pixel electrode bridging the plurality of pixels
and covering the pixel electrode, the bank, and the aux-
iliary wiring;

the bank includes a first side surface intersecting a main
surface of the pixel electrode;

the auxiliary wiring includes a second side surface in con-
tact with the first side surface;

the organic electroluminescence layer is separated at the
first side surface and the second side surface; and

the common pixel electrode is in contact with the second
side surface of the auxiliary wiring.

12. The organic electroluminescence display device
according to claim 11, wherein a height of the first side
surface is larger than a thickness of the organic electrolumi-
nescence layer.

13. The organic electroluminescence display device
according to claim 11, wherein the organic electrolumines-
cence layer includes a hole injection layer, a light emitting
layer and an electron injection layer, and a height of the first
side surface is larger than a total thickness of the hole injec-
tion layer and the light emitting layer.

14. The organic electroluminescence display device
according to claim 11, wherein the bank includes a first bank
and a second bank,

the first bank is in contact with the pixel electrode,

the second bank is formed on a top surface of the first bank,
has an end part located on an inside of the second side
surface, and is provided on a lower layer side of the
auxiliary wiring.

15. The organic electroluminescence display device
according to claim 14, wherein the second bank includes an
incline surface, and the auxiliary wiring is provided along at
least the incline surface.
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