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(57) ABSTRACT

A display includes: a light-emitting element formed by lami-
nating a first electrode layer, an organic layer including a
light-emitting layer and a second electrode layer in order on a
base; and an auxiliary wiring layer being arranged so as to
surround the organic layer and being electrically connected to
the second electrode layer, in which the auxiliary wiring layer
includes a two-layer configuration including a first conduc-
tive layer and a second conductive layer, the first conductive
layer has lower contact resistance to the second electrode
layer than that of the second conductive layer, the two-layer
configuration in the auxiliary wiring layer is formed so that an
end surface of the second conductive layer is recessed inward
from an end surface of the first conductive layer, thereby a
part of a top surface of the first conductive layer is in contact
with the second electrode layer.
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DISPLAY AND METHOD OF
MANUFACTURING THE SAME

RELATED APPLICATION DATA

[0001] This application is a continuation of U.S. patent
application Ser. No. 12/730,548 filed Mar. 24, 2010, the
entirety of which is incorporated herein by reference to the
extent permitted by law. The present application claims the
benefit of priority to Japanese Patent Application No. JP
2009-091292 filed on Apr. 3, 2009 in the Japan Patent Office,
the entirety of which is incorporated by reference herein to the
extent permitted by law.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a display including
a self-luminous type light-emitting element which includes
an organic layer, and a method of manufacturing the same.
[0004] 2. Description of the Related Art

[0005] In recent years, as displays replacing liquid crystal
displays, organic EL (Electro Luminescence) displays using a
self-luminous type organic EL element which includes an
organic layer have been put into practical use. The organic EL
display are of a self-luminous type, so compared to liquid
crystal displays, the organic EL displays have a wide viewing
angle, and adequate response to high-definition high-speed
video signals.

[0006] A resonator configuration is introduced into an
organic EL element in related art, thereby an attempt to
improve display performance has been made by controlling
light generated in a light-emitting layer such as improving
color purity of an emitted color or improving light emission
efficiency as described in, for example, International Publi-
cation No. 01/39554. For example, in a top emission system
in which light is extracted from a surface (a top surface)
opposite to a substrate, an anode electrode, an organic layer
and a cathode electrode are laminated in order on the substrate
with a driving transistor in between, and light from the
organic layer is multiply reflected between the anode elec-
trode and the cathode electrode.

[0007] In a top emission system organic EL display, to
secure a high aperture ratio, a cathode electrode located on a
sealing panel side is one electrode layer commonly arranged
for organic EL elements. Moreover, the cathode electrode is
made of, for example, a light transmissive conductive mate-
rial such as ITO (Indium Tin Oxide) so as to extract light from
a top surface. However, such a light transmissive conductive
material has a few orders of magnitude higher resistance than
a typically used metal material. Therefore, a voltage applied
to the cathode electrode easily becomes nonuniform in a
plane, so there is an issue that variations in light emission
luminance among organic EL elements in an in-plane posi-
tion occur, thereby it is difficult to obtain sufficient display
quality.

[0008] Therefore, to solve such an issue, for example, as
described in Japanese Unexamined Patent Application Pub-
lication No. 2004-207217, there is proposed an organic EL
display in which an auxiliary wire connected to the cathode
electrode is formed of a layer shared with, for example, the
anode electrode located on a drive panel side so as to prevent
a voltage drop in an in-plane direction of the cathode elec-
trode. The auxiliary wire is connected to the cathode elec-
trode, for example, outside a display region of each organic
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EL element. Thus, the auxiliary wire is arranged in a mesh
form along the cathode electrode spreading in an in-plane
direction, and is connected to the cathode electrode, thereby
variations in light emission luminance among organic EL
elements in the above-described in-plane position are
reduced to some extent.

[0009] 1Inthe case where the organic EL display having the
above-described auxiliary wire is formed, to simplify manu-
facturing steps, for example, it is desirable to collectively
form the anode electrode and the auxiliary wire using a com-
mon material. As a material of the anode electrode, a simple
substance or a compound of aluminum having high reflectiv-
ity is most preferable. However, in the case where such a
material is used to form an auxiliary electrode, oxidation ofa
surface of the auxiliary electrode during the manufacturing
steps 1s an issue. More specifically, when the surface of the
auxiliary electrode is oxidized, connection resistance
between the auxiliary electrode and the cathode electrode is
increased, thereby to cause a large voltage drop in a connec-
tion part between the auxiliary electrode and the cathode
electrode. Therefore, nonuniformity of alight emission lumi-
nance distribution in a display screen may not be reduced
sufficiently.

[0010] To solve such an issue, for example, as described in
International Publication No. 2007/148540, the applicant of
the present invention has proposed an organic EL display in
which a conductive contact section is formed in advance, and
then an anode electrode and an auxiliary wire, and a cathode
electrode are formed in order so as to be in contact with the
contact section.

SUMMARY OF THE INVENTION

[0011] In International Publication No. 2007/148540, even
if an anode electrode and an auxiliary wire are formed of an
easily-oxidizable material such as aluminum, good conduc-
tivity is obtained through a contact section.

[0012] However, in International Publication No. 2007/
148540, it is necessary to provide a sufficient space for
arranging the contact section. In International Publication
No. 2007/148540, the contact section is arranged at the same
level as a level where a drive element which drives an organic
EL element to display is arranged. However, when an attempt
to improve pixel density is made, a short circuit between the
contact section and another conductive layer such as an elec-
trode layer in the drive element may occur.

[0013] Itis desirable to provide a display allowed to deliver
superior display performance while having high reliability,
and a method of manufacturing the display.

[0014] According to an embodiment of the invention, there
is provided a display including: a light-emitting element
formed by laminating a first electrode layer, an organic layer
including a light-emitting layer and a second electrode layer
in order on a base; and an auxiliary wiring layer being
arranged so as to surround the organic layer and being elec-
trically connected to the second electrode layer. In this case,
the auxiliary wiring layer includes a two-layer configuration
including a first conductive layer and a second conductive
layer, and the first conductive layer has lower contact resis-
tance to the second electrode layer than the second conductive
layer. Moreover, the two-layer configuration in the auxiliary
wiring layer is formed so that an end surface of the second
conductive layer is recessed inward from an end surface of the
first conductive layer, thereby a partofa top surface of the first
conductive layer is in contact with the second electrode layer.
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[0015] According to an embodiment of the invention, there
is provided a method of manufacturing a display, the display
being the display according to the embodiment of the inven-
tion, the method including the steps of: forming a laminate
film by laminating a first conductive layer and a second con-
ductive layer on the base, the second conductive layer having
higher contact resistance to the second electrode layer than
the first conductive layer; forming a laminate film pattern by
patterning the laminate film in a predetermined shape; and
forming the auxiliary wiring layer by etching the laminate
film pattern using an etching solution having higher solubility
in the second conductive layer than in the first conductive
layer so as to recess an end surface of the second conductive
layer and to expose a part of a top surface of the first conduc-
tive layer.

[0016] In the display and the method of manufacturing a
display according to the embodiment of the invention, an end
section of the two-layer configuration in the auxiliary wiring
layer has a step-like shape, so a part of a film surface (a top
surface) of the first conductive layer having lower contact
resistance to the second electrode layer than the second con-
ductive layer is in contact with the second electrode layer.
Therefore, even if the second conductive layer is formed of a
material which is prone to surface oxidation such as alumi-
num, favorable contact between the auxiliary wiring layer and
the second electrode layer is secured without influence of
surface oxidation.

[0017] In the display and the method of manufacturing a
display according to the embodiment, the auxiliary wiring
layer electrically connected to the second electrode layer in
the light-emitting element has a two-layer configuration
including the first conductive layer and the second conductive
layer, and a part of a top surface of the first conductive layer
having lower contact resistance to the second electrode layer
than the second conductive layer is in contact with the second
electrode layer, so without influence of the material of the
second conductive layer, favorable contact between the aux-
iliary wiring layer and the second electrode layer is achiev-
able. As a result, uniformity of a light emission luminance
distribution in a display screen is allowed to be improved, and
higher display performance is obtainable.

[0018] Other and further objects, features and advantages
of the invention will appear more fully from the following
description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1is an illustration of a configuration of a dis-
play according to an embodiment of the invention.

[0020] FIG. 2 is an illustration of an example of a pixel
drive circuit illustrated in FIG. 1.

[0021] FIG.3isaplan view illustrating a configuration of a
display region illustrated in FIG. 1.

[0022] FIG.4isasectional view illustrating a configuration
of the display region illustrated in FIG. 1.

[0023] FIG.5isasectional view illustrating a configuration
of an organic light-emitting element illustrated in FIG. 3.
[0024] FIG. 6 is an enlarged sectional view illustrating a
main part of FIG. 5.

[0025] FIG.7is another sectional view illustrating the con-
figuration of the organic light-emitting element illustrated in
FIG. 3.

[0026] FIG.8isa plan view illustrating a configuration of a
pixel drive circuit forming layer illustrated in FIGS. 5 and 7.
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[0027] FIG. 9 is an enlarged sectional view illustrating an
organic layer illustrated in FI1G. 5.

[0028] FIG. 10 is an enlarged sectional view of a connec-
tion section illustrated in FIG. 3.

[0029] FIG. 11 is a sectional view illustrating one step for
describing a method of manufacturing the display illustrated
in FIG. 1.

[0030] FIG. 12 is a sectional view illustrating one step
following FIG. 11.

[0031] FIG. 13 is a sectional view illustrating one step
following FIG. 12.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0032] A preferred embodiment will be described in detail
below referring to the accompanying drawings.

[0033] FIG. 1 illustrates a configuration of a display using
an organic light-emitting element according to an embodi-
ment of the invention. The display is used as an ultrathin
organic light-emitting color display or the like. The display is
configured by forming a display region 110 on a substrate
111. For example, a signal line drive circuit 120, a scanning
line drive circuit 130 and a power source line drive circuit 140
as drivers for picture display are formed around the display
region 110 on the substrate 111.

[0034] In the display region 110, a plurality of organic
light-emitting elements 10 (10R, 10G and 10B) two-dimen-
sionally arranged in a matrix form, and a pixel drive circuit
150 for driving the organic light-emitting elements 10 are
formed. In the pixel drive circuit 150, a plurality of signal
lines 120A (120A1,120A2, ..., 120Am, . . . ) are arranged in
a column direction, and a plurality of scanning lines 130A
(130A1,...,130An,...)and aplurality of power source lines
140A (140A1, . . ., 140An, . . . ) are arranged in a row
direction. One of the organic light-emitting elements 10R,
10G and 10B is arranged at each intersection between the
signal lines 120A and the scanning lines 130A. Each of the
signal lines 120A is connected to the signal line drive circuit
120, and each of the scanning lines 130A is connected to the
scanning line drive circuit 130, and each of the power source
lines 140A is connected to the power source line drive circuit
140.

[0035] The signal line drive circuit 120 supplies a signal
voltage of a picture signal according to luminance informa-
tion supplied from a signal supply source (not illustrated) to
selected organic light-emitting elements 10R, 10G and 10B
through the signal lines 120A.

[0036] The scanning line drive circuit 130 is configured of
a shift register or the like which sequentially shifts (transfers)
start pulses in synchronization with inputted clock pulses.
When picture signals are written to the organic light-emitting
elements 10R, 10G and 10B, the scanning line drive circuit
130 scans the picture signals on a line-by-line basis so as to
sequentially supply scanning signals to the scanning lines
130A.

[0037] The power source line drive circuit 140 is config-
ured of a shift register or the like which sequentially shifts
(transfers) start pulses in synchronization with inputted clock
pulses. The power source line drive circuit 140 appropriately
supplies one of a first potential and a second potential which
are different from each other to each power source line 140A
in synchronization with scanning on a line-by-line basis by
the scanning line drive circuit 130. Thereby, switching
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between a conduction state and a non-conduction state of a
driving transistor Trl which will be described later is pet-
formed.

[0038] The pixel drive circuit 150 is arranged at a level (a
pixel drive circuit forming layer 112 which will be described
later) between the substrate 111 and the organic light-emit-
ting element 10. FIG. 2 illustrates a configuration example of
the pixel drive circuit 150. As illustrated in FIG. 2, the pixel
drive circuit 150 is an active drive circuit including the driving
transistor Trl and a writing transistor Tr2, a capacitor (reten-
tion capacitor) Cs between the driving transistor Tr1 and the
writing transistor Tr2, and the organic light-emitting element
10. The organic light-emitting element 10 is connected to the
driving transistor Trl in series between the power source line
140A and a common power source line (GND). The driving
transistor Trl and the writing transistor Tr2 each are config-
ured of a typical thin film transistor (TFT), and the TFT may
have, for example, an inverted stagger configuration (a so-
called bottom gate type) or a stagger configuration (a top gate
type), and the configuration of the TFT is not specifically
limited.

[0039] In the writing transistor Tr2, for example, a drain
electrode is connected to the signal line 120A so as to supply
a picture signal from the signal line drive circuit 120. More-
over, a gate electrode of the writing transistor Tr2 is connected
to the scanning line 130A so as to supply a scanning signal
from the scanning line drive circuit 130. Moreover, a source
electrode of the writing transistor Tr2 is connected to a gate
electrode of the driving transistor Tr1.

[0040] In the driving transistor Trl, for example, a drain
electrode is connected to the power source line 140A, and the
potential of the driving transistor Tr1 is set to one of the first
potential and the second potential by the power source line
drive circuit 140. A source electrode of the driving transistor
Trl is connected to the organic light-emitting element 10.
[0041] The retention capacitor Cs is formed between the
gate electrode of the driving transistor Trl (the source elec-
trode of the writing transistor Tr2) and the source electrode of
the driving transistor Trl.

[0042] FIG. 3 illustrates a configuration example of the
display region 110 spreading in an XY plane. In this case,
FIG. 3 illustrates a planar configuration of the display region
110 without a second electrode layer 16, a protective film 18
and a sealing substrate 19 (all of which will be described later)
when viewed from above. In the whole display region 110, a
plurality of organic light-emitting elements 10 are arranged in
a matrix form. More specifically, a metal layer 17 as an
auxiliary wiring layer is arranged in a grid form, and one of
the organic light-emitting elements 10R, the organic light-
emitting elements 10G and the organic light-emitting ele-
ments 10B each including a light emission region 20 of which
the outline is specified by an opening specifying insulating
film 24 is arranged in each region divided by the metal layer
17. The organic light-emitting element 10R emits red light,
and the organic light-emitting element 10G emits green light,
and the organic light-emitting element 10B emits blue light.
In this case, the organic light-emitting elements 10 emitting
the same color light are arranged in lines ina'Y direction, and
the lines including the organic light-emitting elements 10
emitting the same color light are arranged in an X direction
repeatedly and sequentially. Therefore, the organic light-
emitting elements 10R, 10G and 10B which are adjacent to
one another in the X direction constitute to one pixel. In FIG.
3, a rectangular region indicated by a broken line in each
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region divided by the metal layer 17 is a first electrode layer
13 (which will be described later) included in the organic
light-emitting element 10. Moreover, openings 24K are
arranged in the opening specifying insulating film 24 at some
intersections of the metal layer 17. In a region included in the
opening 24K, a connection section 21 (a part surrounded by a
broken line) for connecting between the metal layer 17 and
the second electrode layer 16 of the organic light-emitting
element 10 is arranged. In addition, in FIG. 3, 2 in a row
directionx5 in a column direction=10 organic light-emitting
elements in total are illustrated, but the number of organic
light-emitting elements arranged in the X direction and the Y
direction is not limited thereto.

[0043] FIG. 4illustrates a schematic configuration of an X7
section taken along a line IV-IV of FIG. 3. As illustrated in
FIG. 4, in the display region 110, a light-emitting element
forming layer 12 including the organic light-emitting ele-
ments 10 is formed on a base 11 formed by arranging a pixel
drive circuit forming layer 112 on a substrate 111. On the
organic light-emitting elements 10, a protective film 18 and a
sealing substrate 19 are arranged in order. Each of the organic
light-emitting elements 10 is formed by laminating a first
electrode layer 13 as an anode electrode, an organic layer 14
including a light-emitting layer 14C (which will be described
later) and a second electrode layer 16 as a cathode electrode in
order from the substrate 111. The organic layer 14 and the first
electrode layer 13 of one organic light-emitting element 10
are separated from the organic layer 14 and the first electrode
layer 13 of another organic light-emitting element 10 by the
opening specifying insulating film 24. On the other hand, the
second electrode layer 16 is commonly arranged for all
organic light-emitting elements 10. The metal layer 17 is
buried in the opening specifying insulating film 24 except for
regions corresponding to the openings 24K. In addition, in
FIG. 4, specific configurations of the driving transistor Trl,
the writing transistor Tr2 and the like in the pixel drive circuit
forming layer 112 are not illustrated.

[0044] The opening specifying insulating film 24 is
arranged so as to fill in gaps between the first electrode layers
13 and the organic layers 14 of adjacent organic light-emit-
ting elements. The opening specifying insulating film 24 is
made of, for example, an organic material such as polyimide,
and secures insulation between the first electrode layer 13,
and the second electrode layer 16 and the metal layer 17, and
accurately forms light emission regions of the organic light-
emitting elements 10 into a desired shape.

[0045] The protective film 18 covering the organic light-
emitting elements 10 is made of an insulating material such as
silicon nitride (SiNx). Moreover, the sealing substrate 19
arranged on the protective film 18 seals the organic light-
emitting elements 10 together with the protective film 18, an
adhesive layer (not illustrated) or the like, and is made of a
material allowing light generated in the light-emitting layer
14C to pass therethrough such as transparent glass.

[0046] Next, referring to FIGS. 5 to 10, specific configura-
tions of the base 11 and the organic light-emitting elements 10
will be described below. In addition, the organic light-emit-
ting elements 10R, 10G and 10B have a common configura-
tion except that the configurations of the organic layers 14 in
the organic light-emitting elements 10R, 10G and 10B are
partially different from one another, so the organic light-
emitting elements 10R, 10G and 10B will be collectively
described below.
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[0047] FIG. 5 is a sectional view of the display region 110
taken along a line V-V of FIG. 3, and FIG. 6 is an enlarged
sectional view illustrating a part in proximity to a connection
hole 124 illustrated in FIG. 5. Moreover, FIG. 7 is a sectional
view taken along a line VII-VII of FIG. 3. Further, FIG. 8 is
schematic view illustrating a planar configuration of the pixel
drive circuit 150 arranged in the pixel drive circuit forming
layer 112 in one organic light-emitting element 10. In addi-
tion, FIG. 5 corresponds to a section taken along a line V-V of
FIG. 8, and FIG. 7 corresponds to a section taken along a line
VII-VII of FIG. 8. Moreover, FIG. 9 illustrates an enlarged
sectional view of a part of the organic layer 14 illustrated in
FIGS. 4,5and 7. Further, FIG. 10 illustrates an enlarged view
of a configuration of an XZ section in proximity to the con-
nection section 21 taken along a line X-X of F1G. 3.

[0048] The base 11 is formed by arranging the pixel drive
circuit forming layer 112 including the pixel drive circuit 150
on the substrate 11 made of glass, a silicon (Si) wafer, a resin
or the like. On a surface of the substrate 111, a metal layer
211G as a gate electrode of the driving transistor Trl, a metal
layer 221G as a gate electrode of the writing transistor Tr2 and
the signal line 120A (refer to FIGS. 7 and 8) are arranged as
metal layers at a first level. The metal layers 211G and 221G
and the signal line 120A are covered with a gate insulating
film 212 made of silicon nitride, silicon oxide or the like.
Channel layers 213 and 223 configured of semiconductor thin
films of amorphous silicon or the like are arranged in regions
corresponding to the metal layers 211G and 221G on the gate
insulating film 212, respectively. Insulating channel protec-
tive films 214 and 224 are arranged on the channel layers 213
and 223 so as to fill in channel regions 213R and 223R as
central regions of the channel layers 213 and 223, respec-
tively, and drain electrodes 215D and 225D and source elec-
trodes 2158 and 2258 all of which are configured of n-type
semiconductor thin films of n-type amorphous silicon or the
like are arranged in regions on both sides of the central
regions. The drain electrode 215D and the source electrode
2158 are separated from each other by the channel protective
film 214, and the drain electrode 225D and the source elec-
trode 225S are separated from each other by the channel
protective film 224, and end surfaces of the drain electrode
215D and the source electrode 2158 are separated from each
other with the channel regions 213R in between, and end
surfaces of the drain electrode 225D and the source electrode
2258 are separated from each other with the channel region
223R in between. Moreover, metal layers 216D and 226D as
drain wires and metal layers 2168 and 2268 as source wires
are arranged as metal layers at a second level so as to cover the
drain electrodes 215D and 225D and the source electrodes
215S and 2258, respectively. The metal layers 216D and
226D and the metal layers 216S and 2268 each have, for
example, a configuration in which a titanium (Ti) layer, an
aluminum (Al) layer and a titanium layer are laminated in
order. As the metal layers at the second level, in addition to the
above-described metal layers 216D and 226D and the above-
described metal layers 216S and 226S, the scanning line
130A and the power source line 140A (refer to FIGS. 5 and 8)
are arranged. In addition, in this case, the driving transistor
Trl and the writing transistor Tr2 having an inverted stagger
configuration (a so-called bottom gate type) are described.
However, they may have a stagger configuration (a so-called
top gate type). Moreover, the signal line 120A may be
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arranged at the second level in a region except for intersec-
tions with the scanning line 130A and the power source line
140A.

[0049] For example, the metal layers at the second level
preferably have a three-layer configuration including first to
third thin layers 31 to 33 laminated in order from the organic
light-emitting element 10 (the first electrode layer 13) as in
the case of the metal layer 216S illustrated in FIG. 6. The first
thin layer 31 is made of, for example, molybdenum (Mo) ora
compound thereof (metal), and has higher absorptance of
light emitted from the organic layer 14 than the second thin
layer. On the other hand, the second thin layer 32 has higher
conductivity than the first thin layer 31, and is made of, for
example, a simple substance or a compound of aluminum
(Al), copper (Cu) or the like. The metal layers at the second
level each include the first thin layer 31 having higher light
absorptance above the second thin layer 32 made of alumi-
num or the like having high reflectivity (on a side closer to the
first electrode layer 13), thereby unnecessary light such as
outside light or light leaked from the organic light-emitting
element 10 is allowed to be absorbed. In addition, in particu-
lar, the first thin layer 31 in the metal layer 216S is preferably
made of a material of the same kind as that of a first conduc-
tive layer 131 (which will be described later) of the first
electrode layer 13, because an effect of reducing connection
resistance between the first electrode layer 13 and the metal
layer 2168 in the connection hole 124 is obtained. The third
thin layer 33 functions so as to prevent a constituent element
of the second thin layer 32 from spreading (moving) to the
driving transistor Trl or the writing transistor Tr2 located
below the second thin layer 32. For example, in the case
where the second thin layer 32 includes an aluminum ele-
ment, when heat is applied in a step after forming the metal
layers at the second level, the aluminum element may be
spread to the interior of a semiconductor thin film (for
example, a thin film made of amorphous silicon) below the
second thin layer 21 by thermal energy of the heat, thereby to
form AlSi. In such a case, a spike may occur, so the third thin
layer 33 is desirably made of, for example, titanium (Ti) or the
like to prevent the spike. In addition, in the case where the
second thin layer 32 is formed of an element which is resistant
to heat diffusion, the metal layers at the second level may have
a two-layer configuration including the first thin layer 31 and
the second thin layer 32 (without arranging the third thin layer
33).

[0050] The whole pixel drive circuit 150 is covered with a
protective film (passivation film) 217 made of silicon nitride
or the like, and an insulating planarization film 218 is
arranged on the protective film 217. 1t is desirable that a
surface of the planarization film 218 has extremely high flat-
ness. Moreover, a very thin connection hole 124 is arranged in
a partial region of the planarization film 218 and a partial
region of the protective film 217 (refer to FIGS. 5 and 8). In
particular, the planarization film 218 has a larger thickness
than the protective film 217, so the planarization film 218 is
preferably made of a material having high pattern accuracy,
for example, an organic material such as polyimide. The first
electrode layer 13 fills in the connection hole 124 so as to be
electrically connected to the metal layer 216S constituting the
source electrode of the driving transistor Tr1.

[0051] The first electrode layer 13 formed on the planariza-
tion film 218 also functions as a reflective layer, and it is
desirable that the first electrode layer 13 is made of a material
having as high reflectivity as possible so as to improve light
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emission efficiency. Therefore, as illustrated in FIG. 6, the
first electrode layer 13 has a two-layer configuration includ-
ing a first conductive layer 131 and a second conductive layer
132, and the second conductive layer 132 located on a side
facing the second electrode layer 16 is made of a material
having high reflectivity such as aluminum (Al) or an alumi-
num-neodymium alloy (AINd). In addition, aluminum has
low resistance to a developing solution used in a developing
process for forming the openings 24K of the opening speci-
fying insulating film 24, and is prone to corrosion. On the
other hand, AINd has high resistance to the developing solu-
tion, and is resistant to corrosion. Therefore, the second con-
ductive layer 132 may have a single-layer configuration made
of AINd or a two-layer configuration “Al layer (in a lower
layer)/ AINd layer (inan upper layer)” including an aluminum
layer and AINd. In particular, the two-layer configuration of
the Allayer (in the lower layer)/the AINd layer (in the upper
layer) is preferable, because the two-layer configuration has
lower resistance than the single layer of the AINd layer. On
the other hand, the first conductive layer 131 is desirably
made of a material having low reflectivity such as molybde-
num (Mo) or a compound (an alloy) thereof, because a layer
having high light absorptance is arranged on a side closer to
the pixel drive circuit forming layer 112 in which the driving
transistor Tr1 orthe writing transistor Tr2 is arranged, thereby
to absorb unnecessary light such as outside light or light
leaked from the organic light-emitting element 10. Moreover,
the whole thickness of the first electrode layer 13 is, for
example, within a range from 100 nm to 1000 nm both inclu-
sive, and the thickness of the first conductive layer 131 is 40
nm or over in the case where the first conductive layer 131 is
made of a simple substance of molybdenum, and the thick-
ness of the second conductive layer 132 is, for example,
within a range from 300 nm to 500 nm in the case where the
second conductive layer 132 is made of AINd. In addition, as
described above, the first electrode layer 13 is formed so as to
cover the surface of the planarization film 218 and to fillin the
connection hole 124.

[0052] The organic layer 14 is formed throughout a light
emission region 20 specified by the opening specifying insu-
lating film 24 without space. For example, as illustrated in
FIG. 9, the organic layer 14 has a configuration in which a
hole injection layer 14A; a hole transport layer 14B, the
light-emitting layer 14C and an electron transport layer 14D
are laminated in order from the first electrode layer 13. How-
ever, the layers except for the light-emitting layer 14C may be
arranged as necessary.

[0053] Thehole injection layer 14A is provided to enhance
hole injection efficiency, and is a buffer layer for preventing
leakage. The hole transport layer 14B is provided to enhance
the hole transport efficiency to the light-emitting layer 14C.
The light-emitting layer 14C emits light by the recombination
of electrons and holes in response to the application of an
electric field. The electron transport layer 14D is provided to
enhance electron transport efficiency to the light-emitting
layer 14C. In addition, an electron injection layer (not illus-
trated) made of LiF, Li,0 or the like may be arranged between
the electron transport layer 14D and the second electrode 16.

[0054] Moreover, the organic layer 14 has a different con-
figuration depending on the color of light emitted from the
organic light-emitting elements 10R, 10G or 10B. The hole
injection layer 14A of the organic light-emitting element 10R
has, for example, a thickness of 5 nm to 300 nm both inclu-
sive, and is made of 4,4'4"-tris(3-methylphenylphenylamino)
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triphenylamine (m-MTDATA) or 4,4'4"-tris(2-naphthylphe-
nylamino)triphenylamine (2-TNATA). The hole transport
layer 14B of the organic light-emitting element 10R has, for
example, a thickness of 5 nm to 300 nm both inclusive, and is
made of bis[(N-naphthyl)-N-phenyl]benzidine (a-NPD).
The light-emitting layer 14C of the organic light-emitting
element 10R has, forexample, a thickness of 10 nm to 100 nm
both inclusive, and is made of an 8-quinolinol aluminum
complex (Alq,) mixed with 40 vol % of 2,6-bis[4-[N-(4-
methoxyphenyl)-N-phenyljamino  styryl|naphthalene-1,5-
dicarbonitrile (BSN-BCN). The electron transport layer 14D
of the organic light-emitting element 10R has, for example, a
thickness of 5 nm to 300 nm both inclusive, and is made of
Alg,.

[0055] The hole injection layer 14A of the organic light-
emitting element 10G has, for example, a thickness of 5 nm to
300 nm both inclusive, and is made of m-MTDATA or
2-TNATA. The hole transport layer 14B of the organic light-
emitting element 10G has, for example, a thickness of 5nm to
300 nm both inclusive, and is made of a-NPD. The light-
emitting layer 14C of the organic light-emitting element 10G
has, for example, a thickness of 10 nm to 100 nm both inclu-
sive, and is made of Alq, mixed with 3 vol % of Coumarin6.
The electron transport layer 14D of the organic light-emitting
element 10G has, for example, a thickness of 5 nm to 300 nm
both inclusive, and is made of Alq;.

[0056] The hole injection layer 14A of the organic light-
emitting element 10B has, for example, a thickness of 5 nm to
300 nm both inclusive, and is made of m-MTDATA or
2-TNATA. The hole transport layer 14B of the organic light-
emitting element 10B has, for example, a thickness of 5 nm to
300 nm both inclusive, and is made of a-NPD. The light-
emitting layer 14C of the organic light-emitting element 10B
has, for example, a thickness of 10 nm to 100 nm both inclu-
sive, and is made of spiro6®. The electron transport layer 14D
of the organic light-emitting element 10B has, for example, a
thickness of 5 nm to 300 nm both inclusive, and is made of
Alg,.

[0057] The second electrode layer 16 has, for example, a
thickness of 5 nm to 50 nm both inclusive, and is made of a
simple substance or an alloy of a metal element such as
aluminum (Al), magnesium (Mg), calcium (Ca) or sodium
(Na). Among them, an alloy of magnesium and silver (an
MgAg alloy) or an alloy of aluminum (Al) and lithium (L1)
(an AlLi alloy) is preferable. For example, the second elec-
trode layer 16 is commonly arranged for all of the organic
light-emitting elements 10R, 10G and 10B, and is arranged so
as to face the first electrode layers 13 of the organic light-
emitting elements 10R, 10G and 10B. Moreover, the second
electrode layer 16 is formed so as to cover not only the organic
layers 14 but also the opening specifying insulating film 24.
[0058] The metal layer 17 is formed on the surface of the
planarization film 218 as in the case of the first electrode layer
13, and functions so as to compensate for a voltage drop in the
second electrode layer 16 as a main electrode. As illustrated in
FIG. 10, the metal layer 17 has a two-layer configuration
including a first conductive layer 171 and a second conductive
layer 172. As described above, the metal layer 17 is covered
with the second electrode layer 16 in the connection section
21 in the region of the opening 24K, and is electrically con-
nected to the second electrode layer 16. In the metal layer 17
in the connection section 21, an end surface 1727T of the
second conductive layer 172 is recessed inward from an end
surface 171T of the first conductive layer 171, thereby the
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metal layer 171 in the connection section 21 is formed so that
apart of a top surface 1718 of the first conductive layer 171 is
formed so as to be in contact with the second conductive layer
17. In other words, the second electrode layer 16 is in contact
with the end surface 171T and a part of the top surface 171S
of the first conductive layer 171 and the end surface 172T and
the top surface 172S of the second conductive layer 172.

[0059] Ttis desirable that the first conductive layer 171 and
the second conductive layer 172 are made of amaterial having
higher conductivity than the second electrode layer 16. More-
over, it is desirable that the first conductive layer 171 is made
of alow-reflectivity material having high absorptance of light
emitted from the organic layer 14, because as in the case of the
first electrode layer 13, a layer with high light absorptance is
arranged on a side closer to the pixel drive circuit forming
layer 112 including the driving transistor Trl or the writing
transistor Tr2, thereby to absorb unnecessary light such as
outside light or light leaked from the organic light-emitting
element 10. Moreover, it is desirable that one of the first
conductive layer 171 and the second conductive layer 172 is
made of'a material which is resistant to degradation in quality
such as surface oxidation and has favorable contact resistance
to the second electrode layer 16. Further, to simplify manu-
facturing steps, it is desirable that the first conductive layer
171 and the second conductive layer 172 are made of the same
materials as those of the first conductive layer 131 and the
second conductive layer 132 constituting the first electrode
layer 13, respectively. From the above-described viewpoints,
as the material of the first conductive layer 171, a simple
substance or a compound (an alloy) of molybdenum is suit-
able, and as the material of the second conductive layer 172,
a simple substance or a compound (an alloy) of aluminum
(Al) is suitable. In particular, it is desirable that molybdenum
is used as the material of the first conductive layer 171, and
AINd as a material having a higher etching rate in a wet
etching process than molybdenum is used as the material of
the second conductive layer 172, because a two-layer con-
figuration in which an end section in the metal layer 17 has a
step-like shape as illustrated in FIG. 10 is allowed to be
formed relatively easily. In addition, it is desirable that the
metal layer 17 has as small a width (an area) as possible in
terms of an improvement in aperture ratio.

[0060] In the case where the metal layer 17 is not present,
due to a voltage drop according to a distance from a power
source (not illustrated) to each of the organic light-emitting
elements 10R, 10G and 10B, the potential of the second
electrode layer 16 connected to the common power source
line GND (referto FIG. 2)is not uniform, thereby pronounced
variations easily occur. Such variations in the potential of the
second electrode layer 16 are not preferable, because the
variations cause variations in luminance in the display region
110. Even in the case where a display has a larger screen, the
metal layer 17 functions to prevent the occurrence of such
variations in luminance by minimizing a voltage drop occur-
ring from the power source to the second electrode layer 16.

[0061] In the organic light-emitting element 10, while the
first electrode layer 13 fulfills a function as a reflective layer,
the second electrode layer 16 fulfills a function as a semi-
transparent reflective layer. Light emitted from the light-emit-
ting layer 14C included in the organic layer 14 is multiply
reflected by the first electrode layer 13 and the second elec-
trode layer 16. In other words, the organic light-emitting
element 10 has a resonator configuration in which an end
surface on the organic layer 14 side of the first electrode layer
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13, an end surface on the organic layer 14 side of the second
electrode layer 16, and the organic layer 14 are considered as
a first end section P1, a second end section P2, and an reso-
nating section, respectively, and light generated in the light-
emitting layer 14C is resonated to extract from the second end
section P2. As the organic light-emitting element 10 has such
a resonator configuration, light generated in the light-emit-
ting layer 14C is multiply reflected, and the organic light-
emitting element 10 functions as a kind of a narrow-band
filter, thereby the half-value width of a spectrum of extracted
light is allowed to be reduced, so color purity is allowed to be
improved. Moreover, outside light entering from the sealing
substrate 19 is allowed to be attenuated by multiple reflection,
and by a combination of a retardation film or a polarizing
plate (not illustrated), the reflectivity of the organic light-
emitting element 10 for the outside light is allowed to be
extremely small.

[0062] The display is manufacturable by, for example, the
following steps. Referring to FIGS. 11 to 13 in addition to
FIGS. 4 10 10, amethod of manufacturing the display accord-
ing to the embodiment will be described below.

[0063] First, the pixel drive circuit 150 including the driv-
ing transistor Trl and the writing transistor Tr2 is formed on
the substrate 111 made of the above-described material. More
specifically, first, a metal film is formed on the substrate 111
by, for example, sputtering. After that, the metal film is pat-
terned by, for example, a photolithography method, dry etch-
ing or wet etching to form the metal layers 211G and 221G
and the signal lines 120A. Next, the whole surface is covered
with the insulating film 212. Moreover, the channel layers 213
and 223, the channel protective films 214 and 224, the drain
electrodes 215D and 225D, the source electrodes 215S and
2258, the metal layers 216D and 226D and the metal layers
2168 and 2268 are formed in predetermined shapes in order
on the gate insulating film 212. In this case, the scanning lines
130A and the power source lines 140A are formed as the
second metal layers together with the formation of the metal
layers 216D and 226D and the metal layers 216S and 226S. At
this time, the connection section connecting between the
metal layer 221G and the scanning line 130A, the connection
section connecting between the metal layer 226D and the
signal line 120A and the connection section connecting
between the metal layer 2268 and the metal layer 211G are
formed in advance. After that, the whole surface is covered
with the protective film 217 so as to complete the pixel drive
circuit 150. At this time, an opening is formed in a predeter-
mined position on the metal layer 2168 in the protective film
217 by dry etching or the like.

[0064] After forming the pixel drive circuit 150, the whole
surface is coated with, for example, a photosensitive resin
mainly containing polyimide by a spin coating method or the
like. Next, a photolithography process is performed on the
photosensitive resin to form the planarization film 218 having
the connection hole 124. More specifically, the connection
hole 125 in communication with the opening arranged in the
protective film 217 is formed by, for example, selective expo-
sure to light and selective development using a mask having
an opening in a predetermined position. After that, the pla-
narization film 218 may be fired if necessary. Thereby, the
pixel drive circuit forming layer 112 is obtained.

[0065] Moreover, the first electrode layer 13 and the metal
layer 17 which are made of the above-described materials are
formed. More specifically, the first conductive layers 131 and
171 and the first conductive layers 132 and 172 which are
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made of the above-described materials are formed on the
whole surface by, for example, sputtering or the like so as to
from a two-layer laminate film, and then a resist pattern (not
illustrated) with a predetermined shape is formed on the lami-
nate film through the use of a predetermined mask. Moreover,
the laminate film is selectively etched using the resist pattern
as a mask so as to form a laminate film pattern 177 illustrated
in FIG. 11. At this time, the first electrode layer 13 is formed
so as to cover the surface of the planarization film 218 and to
fill in the connection hole 124. Moreover, the laminate film
pattern 177 which will be the metal layer 17 in a later step is
formed on the surface of the planarization film 218 so as to
surround the first electrode layer 13. The laminate film pattern
177 1s desirably formed together with the first electrode layer
13 through the use of a material of the same kind as that of the
first electrode layer 13.

[0066] Next, as illustrated in FIG. 12, a wet etching process
is performed on the laminate film pattern 177 with a prede-
termined etching solution, thereby the end surface 172T of
the second conductive layer 172 with a relatively high etching
rate is recessed, and the top surface 1718 of the first conduc-
tive layer 171 is exposed. Thereby, the metal layer 17 is
obtained. Alternatively, in the case where the first conductive
layer 171 is made of molybdenum, the first conductive layer
171 and the second conductive layer may be exposed to light
through the use of a halftone mask, and then wet etching or
dry etching may be performed on them. Thereby, the metal
layer 17 in which the end section has a step-like shape is
obtained. Moreover, the opening specifying insulating film
24 is formed so as to fill in gaps between the first electrode
layers 13 of the adjacent organic light-emitting elements 10.
At this time, as illustrated in FIG. 13, the openings 24K are
formed in positions corresponding to some intersections of
the metal layer 17 patterned in a grid form.

[0067] Next, theholeinjection layer 14A, the hole transport
layer 14B, the light-emitting layer 14C and the electron trans-
port layer 14D each of which is formed of the above-de-
scribed material with the above-described thickness are lami-
nated in order so as to thoroughly cover an exposed part of the
first electrode layer 13, thereby the organic layer 14 is formed.
Moreover, the second electrode layer 16 is formed on the
whole surface so as to face the first electrode layer 13 with the
organic layer 14 in between and to cover the metal layer 17 in
the connection section 21, thereby the organic light-emitting
element 10 is completed.

[0068] After that, the protective film 18 made of the above-
described material is formed so as to cover the whole surface.
Finally, an adhesive layer is formed on the protective film 18
so as to bond the sealing substrate 19 to the protective film 18
with the adhesive layer in between. Thus, the display is com-
pleted.

[0069] Inthe display obtained in such a manner, a scanning
signal is supplied from the scanning line drive circuit 130 to
each pixel through the gate electrode (the metal layer 221G)
of the writing transistor Tr2, and an image signal from the
signal line drive circuit 120 is retained in the retention capaci-
tor Cs through the writing transistor Tr2. On the other hand,
the power source line drive circuit 140 supplies the first poten-
tial higher than the second potential to each power source line
140A in synchronization with scanning on a line-by-line
basis by the scanning line drive circuit 130. Thereby, the
conduction state of the driving transistor Trl is selected, and
a drive current Id is injected into each of the organic light-
emitting elements 10R, 10G and 10B, thereby the each of the
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organic light-emitting elements 10R, 10G and 10B emits light
by the recombination of electrons and holes. The light is
multiply reflected between the first electrode layer 13 and the
second electrode layer 16, and then passes through the second
electrode 16, the protective film 18 and the sealing substrate
19 to be extracted.

[0070] As described above, in the embodiment, the metal
layer 17 as the auxiliary wiring layer has a two-layer configu-
ration in which the end section has a step-like shape in the
connection section 21 with the second electrode layer 16, so
a part of a film surface (a top surface) of the first conductive
layer 171 is in contact with the second electrode layer 16. In
this case, the first conductive layer 171 is made of a material
which is resistant to degradation in quality such as surface
oxidation and has favorable contact resistance to the second
electrode layer 16. Therefore, even if the second conductive
layer 172 is formed of a material which is prone to surface
oxidation such as aluminum, favorable contact between the
auxiliary wiring layer and the second electrode layer is
secured without the influence of the material. As a result,
uniformity of a light emission luminance distribution in a
display screen is allowed to be improved, and higher display
performance is obtainable.

[0071] Moreover, the first conductive layers 131 and 171 in
the first electrode layer 13 and the metal layer 17 or the first
thin layers 31 in the metal layers at the second level are made
of a material with high light absorptance such as molybde-
num, so unnecessary light such as outside light or light leaked
from the organic light-emitting element 10 is allowed to be
absorbed. In the case where the first conductive layers 131
and 171 or the first thin layers 31 are made of a material with
high reflectivity such as aluminum, the above-described
unnecessary light enters into the base 11 from a gap between
the organic light-emitting element 10 and the metal layer 17.
In this case, the unnecessary light directly enters into the
channel regions 213R and 223R of the driving transistor Trl
and the writing transistor Tr2, or the unnecessary light is
repeatedly reflected from the back surfaces (surfaces on the
base 11 side) of the first conductive layers 131 and 171 or
surfaces of the first thin layers 31 to indirectly enter into the
channel regions 213R and 223R. However, in the embodi-
ment, because of the above-described reason, the entry of
such unnecessary light into the channel regions 213R and
223R of the driving transistor TR1 and the writing transistor
Tr2 or the like is preventable. As a result, the generation of a
leakage current to the pixel drive circuit 150 due to a mal-
function in the driving transistor Trl or the writing transistor
Tr2 is reliably preventable, and image quality is allowed to be
improved. Moreover, a reduction in the life of the driving
transistor Trl or the writing transistor T2 is preventable, and
operation reliability is allowed to be improved. In particular,
when the first conductive layer 131 and the first conductive
layer 171 are collectively formed of the same material, and
the second conductive layer 131 and the second conductive
layer 172 are collectively formed of the same material, the
manufacturing steps are allowed to be simplified. At this time,
even in the case where the second conductive layers 132 and
172 are formed using aluminum or an alloy of aluminum
which s suitable for the second conductive layer 132, because
of the above-described reason, favorable contact between the
auxiliary wiring layer (the metal layer 17) and the second
electrode layer is allowed to be secured, so display perfor-
mance is not impaired.
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[0072] Although the present invention is described refer-
ring to the above-described embodiment, the invention is not
limited thereto, and may be variously modified. For example,
in the above-described embodiment, the metal layer 17 has a
step-like end section only in the connection section 21 in the
opening 24K, and is connected to the second electrode layer
16, but the invention is not limited thereto. For example, the
metal layer 17 may have a step-like two-layer configuration
as a whole, and the metal layer 17 may be in contact with the
second electrode layer 16 as a whole. Moreover, the configu-
ration of the auxiliary wiring layer (the metal layer 17) is not
limited to a two-layer configuration, and may be a multilayer
configuration including three or more layers. An example of
a three-layer configuration is a configuration in which a
molybdenum layer, an aluminum layer and an AINd layer are
laminated in order from a base. Moreover, the planar shape of
the metal layer 17 is not limited to a grid-like shape. For
example, in FIG. 3, the metal layer 17 may extend in only one
of an X direction and a'Y direction.

[0073] Moreover, the materials and the laminating order of
layers, a method of forming a film and the like are not limited
to those in the above-described embodiment. For example, in
the above-described embodiment, the case where the first
electrode layer 13 and the second electrode layer 16 function
as the anode and the cathode, respectively, is described. How-
ever, the first electrode layer 13 and the second electrode layer
16 may function as the cathode and the anode, respectively.
Further, in the above-described embodiment, the configura-
tions of the organic light-emitting elements 10R, 10G and
10B are specifically described. However, all layers are not
necessarily included, or any other layer may be further
included. For example, a thin film for hole injection made of
chromium (IIT) oxide (Cr,0;), ITO (Indium-Tin oxide: a
mixed oxide film of indium (In) and tin (Sn)) or the like may
be included between the first electrode layer 13 and the
organic layer 14.

[0074] Inaddition, inthe above-described embodiment, the
case where the second electrode layer 16 is configured of a
semi-transparent reflective layer is described. However, the
second electrode layer 16 may have a configuration in which
a semi-transparent reflective layer and a transparent electrode
are laminated in order from the first electrode layer 13. The
transparent electrode is provided to reduce electrical resis-
tance of the semi-transparent reflective layer, and is made of
aconductive material having sufficient light transmittance for
light generated in the light-emitting layer. As the material of
the transparent electrode, for example, ITO or a compound
including indium, zinc (Zn) and oxygen is preferable,
because even if a film is formed at room temperature, favor-
able conductivity is obtainable. The thickness of the transpar-
ent electrode may be, for example, 30 nm to 1000 nm both
inclusive. Moreover, in this case, a resonator configuration in
which the semi-transparent reflective layer is considered as
one end section and the other end section is arranged in a
position facing the semi-transparent electrode with the trans-
parent electrode in between so that the transparent electrode
forms a resonating section may be formed. Moreover, in
addition to arranging such a resonator configuration, it is
preferable that the organic light-emitting elements 10R, 10G
and 10B are covered with the protective film 18, and the
protective film 18 is made of a material having a refractive
index approximately equal to that of the material of the trans-
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parent electrode, because the protective film 18 is applicable
as a part of the resonating section.

[0075] In the above-described embodiment, an active
matrix display is described. However, the present invention is
applicable to a passive matrix display. Moreover, the configu-
ration of a pixel drive circuit for active matrix drive is not
limited to that described in the above-described embodiment,
and a capacitive element or a transistor may be added if
necessary. In this case, depending on a change in the pixel
drive circuit, a necessary drive circuit may be added in addi-
tion to the above-described signal line drive circuit 120 and
the above-described scanning line drive circuit 130.

[0076] In the invention, in the auxiliary wiring layer, the
first conductive layer at a lower level may be formed of
titanium (T1), and the second conductive layer at an upper
level may be formed of AINd. In this case, wet etching is
performed on the second conductive layer made of AINd
through the use of a mixture of phosphoric acid, nitric acid
and acetic acid, and then dry etching is performed on the first
conductive layer made of titanium through the use of a chlo-
rine-based gas, thereby a step-like configuration illustrated in
FIG. 10, that is, a configuration in which the width of the first
conductive layer is larger than the width of the second con-
ductive layer may be formed.

[0077] The present application contains subject matter
related to that disclosed in Japanese Priority Patent Applica-
tion JP 2009-091292 filed in the Japan Patent Office on Apr.
3, 2009, the entire content of which is hereby incorporated by
references.

[0078] It should be understood by those skilled in the art
that various modifications, combinations, sub-combinations
and alterations may occur depending on design requirements
and other factors insofar as they are within the scope of the
appended claims or the equivalents thereof

What is claimed is:

1. A display comprising:

a light-emitting element comprised of (i) a first electrode,

(i1) an organic layer including a light-emitting layer, and
(iii) a second electrode in this order on a base;

an insulating film disposed between the first electrode and

the second electrode; and

a wiring arranged so as to surround the organic layer,
wherein,

the wiring has a first conductive layer and a second con-

ductive layer,

a plurality of openings are arranged in the insulating film,

a part of a top surface of the first conductive layer is in

contact with the second electrode via the openings.

2. The display according to claim 1, wherein the first elec-
trode has a third conductive layer and a fourth conductive
layer made of the same material as those of the first conduc-
tive layer and the second conductive layer, respectively, and
the fourth conductive layer has higher reflectivity for light
from the organic layer than the third conductive layer.

3. The display according to claim 1, wherein the second
conductive layer is made of a material with a higher etching
rate in a wet etching process than that of the first conductive
layer.

4. The display according to claim 1, wherein the second
electrode is in contact with an end surface of the first conduc-
tive layer and a top surface and an end surface of the second
conductive layer in the wiring.
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