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(57) ABSTRACT

Provided is a display device, including a pixel electrode in
each ofa plurality of pixels; an auxiliary wiring part including
a first auxiliary wiring having a first edge portion, and a
second auxiliary wiring having a second edge portion spaced
apart from and facing the first edge portion; an insulating
layer on the pixel electrode and the auxiliary wiring part, and
in which a first opening and a second opening are defined, the
first opening overlapping the pixel electrode, and the second
opening overlapping the first edge portion and the second
edge portion; an organic light-emitting layer on the insulating
layer and contacting the pixel electrode through the first open-
ing; and an upper electrode on the organic light-emitting layer

HOIL 27/32 (2006.01) and having a connection portion electrically connected with
HOIL 51/56 (2006.01) the auxiliary wiring part through the second opening.
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DISPLAY DEVICE AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] Japanese Patent Application Nos. JP2013-241781,
filed on Nov. 22, 2013, JP2013-241711, filed on Nov. 22,
2013, JP2013-242309, filed on Nov. 22, 2013 and JP2014-
136504, filed on Jul. 2, 2014, in the Japanese Patent Office,
and entitled: “Display Device and Method of Manufacturing
the Same,” are incorporated by reference herein in their
entireties.

BACKGROUND

[0002] 1.Field

[0003] The present disclosure relates to a display device
with an improved display quality.

[0004] 2. Description of the Related Art

[0005] Display devices such as organic electrolumines-
cence display devices have been developed, which use ele-
ments emitting light by a supplied current. In a top emission
type display device among the organic electroluminescence
display devices, a light-emitting direction of a light-emitting
element may be defined as a direction away from a thin film
transistor (TFT). An electrode disposed in a direction away
from the light-emitting direction of the light-emitting element
(hereinafter defined as an upper electrode) may be a metal
thin film with light transmittance or may include a transparent
conductive oxide.

SUMMARY

[0006] Embodiments may be realized by providing a dis-
play device, including a pixel electrode in each of a plurality
of pixels; an auxiliary wiring part including a first auxiliary
wiring having a first edge portion, and a second auxiliary
wiring having a second edge portion spaced apart from and
facing the first edge portion; an insulating layer on the pixel
electrode and the auxiliary wiring part, and in which a first
opening and a second opening are defined, the first opening
overlapping the pixel electrode, and the second opening ovet-
lapping the first edge portion and the second edge portion; an
organic light-emitting layer on the insulating layer and con-
tacting the pixel electrode through the first opening; and an
upper electrode on the organic light-emitting layer and having
aconnection portion electrically connected with the auxiliary
wiring part through the second opening,.

[0007] A separation distance between the first edge portion
and the second edge portion may be smaller than a separation
distance between the first auxiliary wiring or the second aux-
iliary wiring and the pixel electrode.

[0008] The separation distance between the first edge por-
tionand the second edge portion may be in a range from about
5 um to about 100 pm.

[0009] Theupper electrode may have a plurality of connec-
tion portions and a contact resistance of each of the connec-
tion portions may be about 200 kQ or less.

[0010] The display device may further include a power
connecting electrode electrically connected with the upper
electrode to apply a power for the organic light-emitting layer
to emit light. The power connecting electrode may be elec-
trically connected with the auxiliary wiring through the upper
electrode.
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[0011] The display device may further include a first aux-
iliary wiring terminal electrically connected with the first
auxiliary wiring; and a second auxiliary wiring terminal elec-
trically connected with the second auxiliary wiring. The first
and second auxiliary wiring terminals may be located outside
a display area.

[0012] The pixel electrode, the first auxiliary wiring, and
the second auxiliary wiring may be on the same layer.
[0013] Embodiments may be realized by providing a
method of manufacturing a display device, the method
including forming a pixel electrode on a substrate; forming,
onthe substrate, a first auxiliary wiring and a second auxiliary
wiring spaced apart from the first auxiliary wiring; forming
an organic light-emitting layer on the pixel electrode, the first
auxiliary wiring, and the second auxiliary wiring; inducing an
electrical discharge between the first and second auxiliary
wirings by applying a voltage to each of the first and second
auxiliary wirings to remove a portion of the organic light-
emitting layer located between the first and second auxiliary
wirings and form an opening in the organic light-emitting
layer; and forming an upper electrode electrically connected
with the first and second auxiliary wirings, the upper elec-
trode contacting the first and second auxiliary wirings
through the opening,

[0014] The first auxiliary wiring, the second auxiliary wir-
ing, and the pixel electrode may be formed on the same layer.
[0015] The first auxiliary wiring, the second auxiliary wir-
ing, and the pixel electrode may be formed of the same
material.

[0016] A voltage may be applied to a first auxiliary wiring
terminal electrically connected to the first auxiliary wiring,
and a voltage may be applied to a second auxiliary wiring
terminal electrically connected to the second auxiliary wir-
ing, thereby inducing an electric discharge.

[0017] A separation distance between edge portions of the
first and second auxiliary wirings facing each other may be
smaller than a separation distance between the first or second
auxiliary wiring and the pixel electrode.

[0018] The separation distance between edge portions of
the first and second auxiliary wiring facing each other may be
in a range from about 5 um to about 100 pm.

[0019] The method may further include, before inducing
the electrical discharge between the first and second auxiliary
wirings, forming a conductive layer covering a vicinity of
edge portions of the first and second auxiliary wiring facing
each other on the organic light-emitting layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Features will become apparent to those of skill in the
art by describing in detail exemplary embodiments with ref-
erence to the attached drawings in which:

[0021] FIG. 1 illustrates a schematic view of a display
device according to a first embodiment;

[0022] FIG. 2 illustrates a plan view of an auxiliary wiring
part having the display device in F1G. 1;

[0023] FIG. 3 illustrates an enlarged plan view of a vicinity
of a second opening in F1G. 2;

[0024] FIG. 4 illustrates a cross-sectional view taken along
line I-I' in FIG. 2;

[0025] FIGS. 5 through 7, and FIGS. 8A and 8B illustrate a
manufacturing method of the display device in F1G. 4;
[0026] FIG. 9illustrates a schematic view of a construction
of a display device according to a second embodiment;
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[0027] FIG. 10 illustrates an enlarged plan view of auxil-
iary wirings according to a third embodiment;

[0028] FIG. 11 illustrates an enlarged plan view of an aux-
iliary wirings according to a fourth embodiment; and

[0029] FIGS. 12 through 14 illustrate drawings of a manu-
facturing method of a display device according to a fourth
embodiment.

DETAILED DESCRIPTION

[0030] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ings; however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey exemplary implementations to those skilled in the art.
[0031] Inthe drawing figures, the dimensions of layers and
regions may be exaggerated for clarity of illustration. It will
also be understood that when a layer or element is referred to
as being “on” another layer or substrate, it can be directly on
the other layer or substrate, or intervening layers may also be
present. Further, it will be understood that when a layer is
referred to as being “under” another layer, it can be directly
under, and one or more intervening layers may also be
present. In addition, it will also be understood that when a
layer is referred to as being “between” two layers, it can be the
only layer between the two layers, or one or more intervening
layers may also be present. Like reference numerals refer to
like elements throughout.

First Embodiment

[0032] A display device according to a first embodiment
will now be described in detail with reference to the accom-
panying drawings.

[0033] FIG. 1 illustrates a schematic view of a display
device according to a first embodiment.

[0034] Referring to FIG. 1, the display device 1 may be a
top emission type organic electroluminescence display
device. The display device 1 may be used for electronic appa-
ratuses displaying an image such as smartphones, mobile
phones, personal computers and televisions. On a substrate
10, elements for driving the display device 1 may be disposed.
A display area 100 may be defined in the substrate 10, and
driving circuits 71, 72, 73, and 74 driving pixels (pix in FIG.
8B) disposed in the display area 100, and a voltage applying
part 70 applying a voltage to the pixels may be disposed
around the display area 100. A plurality of signal lines (not
shown), which control the pixels and thin film transistors (not
shown) electrically connected with the pixels may be dis-
posed in the display area 100.

[0035] The driving circuits 71,72, 73, and 74 may include
a driver controlling the driving of each pixel in the display
area 100 through the plurality of signal lines. Additionally, a
power connecting electrode 250 in FIG. 4 may be disposed
outside the display area 100, and power for supplying elec-
trical power to allow an organic light-emitting layer (400 in
FIG. 4) to emit light may be applied to anupper electrode (500
in FIG. 4) through the power connecting electrode 250.
[0036] FIG. 2 illustrates a plan view of an auxiliary wiring
part 200 having the display device 1 in FIG. 1. In FIG. 2, a
portion of theauxiliary wiring part 200 is shown in the display
area 100.
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[0037] Referring to FIG. 2, pixel electrodes 110B, 110G,
and 110R may be disposed to blue pixels, green pixels and red
pixels respectively based on one-to-one correspondence.
Each of the pixel electrodes 110B, 110G, and 110R may be
electrically connected with a pixel circuit through a TFT. In
this embodiment, a pixel pitch PP may be, for example, about
636 um.

[0038] The auxiliary wiring part 200 may include a first
auxiliary wiring 210 and a second auxiliary wiring 220, and
the first auxiliary wiring 210 may be spaced apart from the
second auxiliary wiring 220. The auxiliary wiring part 200
may be disposed between two pixel electrodes adjacent to
each other among the pixel electrodes 110B, 110G, and 110R.
In this embodiment, a first line width L1 of the auxiliary
wiring part 200 may be about 66 um, and a second line width
L2 of the auxiliary wiring part 200 may be about 22 pm.

[0039] The auxiliary wiring part 200 may be a conductive
film, and in this embodiment, the conductive film may include
asilver alloy layer and a transparent conductive layer stacked
on the silver alloy layer. For example, the silver alloy layer
may include AgPdCu and the transparent conductive layer
may include indium tin oxide (ITO). As similar to the auxil-
iary wiring part 200, the pixel electrodes 110B, 110G, and
110R may include a silver alloy layer and a transparent con-
ductive layer stacked on the silver alloy layer.

[0040] An insulating layer 300 may be disposed on the
pixel electrodes 110B, 110G, and 110R and the auxiliary
wiring part 200. The insulating layer 300 may include an
organic resin such as polyimide. In the insulating layer 300, a
first opening 310 and a second opening 320 may be defined.
The first opening 310 may overlap each of the pixel electrodes
110B, 110G, and 110R, and each of the pixel electrodes
110B, 110G, and 110R may be connected to the organic
light-emitting layer 400 through the first opening 310. The
second opening 320 may overlap a portion of the auxiliary
wiring part 200.

[0041] FIG. 3 illustrates an enlarged plan view of a vicinity
of the second opening 320 in FIG. 2.

[0042] Referring to FIG. 3, the auxiliary wiring part 200
may include the first auxiliary wiring 210 and the second
auxiliary wiring 220, and the first auxiliary wiring 210 may
include a first edge portion 210T and the second auxiliary
wiring 220 may include a second edge portion 2207 spaced
apart from the first edge portion 210T. The first edge portion
210T may face the second edge portion 220T and the second
opening 320 may overlap the first and second edge portions
210T and 220T. In this embodiment, the width Al of the
second opening 320 may be about 10 wm to about 20 um, and
the length A2 of the second opening 320 may be about 30 pm
to about 40 pm, for example, the width Al of the second
opening 320 may be about 15 um and the length A2 of the
second opening 320 may be about 35 um.

[0043] The gap between the first edge portion 210T and the
second edge portion 220 may be defined as an edge gap BW,
and a first separation distance Wa of the edge gap BW may be
about 5 um to 20 pm. In this embodiment, the first separation
distance Wa may be shorter than a second separation distance
(WpinFIG. 2) between the auxiliary wiring part 200 and each
of the pixels (1108, 110G, and 110R).

[0044] Referring to FIG. 2 again, the power connecting
electrode 250 may be disposed outside the display area 100. A
power to allow an organic light-emitting layer (400 in FIG. 4)
to emit light may be applied to the power connecting elec-
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trode 250. A portion of the power connecting electrode 250
may be exposed through a third opening 350 defined in the
insulating layer 300.

[0045] FIG. 4 illustrates a cross-sectional view taken along
line I-I' in F1G. 2.

[0046] Referring to FIG. 4, the substrate 1000 may be a
glass substrate and the driving circuits (71, 72, 73, and 74 in
FIG. 1) and the voltage applying part (70 in FIG. 1) may be
disposed on the substrate 1000. On the surface of the substrate
1000, an insulating film such as a polyimide film may be
provided for planarization.

[0047] In this embodiment, the pixel electrode 110B, the
first auxiliary wiring 210, the second auxiliary wiring 220,
and the power connecting electrode 250 may be disposed on
the same layer, and include the same conductive material. In
the insulating layer 300, the first opening 310, the second
opening 320 and the third opening 350 may be defined. A
portion of the pixel electrode 110B may be exposed through
the first opening 310, a portion of the auxiliary wiring part
200 may be exposed through the second opening 320, and a
portion of the power connecting electrode 250 may be
exposed through the third opening 350.

[0048] The organic light-emitting layer 400 may be dis-
posed on the insulating layer 300. The organic light-emitting
layer 400 has a partially removed shape corresponding to the
edge gap BW. As illustrated in FIG. 4, a residue 450 of the
organic light-emitting layer 400 may exist in the edge gap
(BW). which will be described in more detail with reference
to FIG. 7 and FIGS. 8A and 8B.

[0049] The upper electrode 500 may be disposed on the
organic light-emitting layer 400. In addition, as described
above in detail, a portion of the organic light-emitting layer
400 corresponding to the edge gap BW may be removed, the
upper electrode 500 may be in contact with the first edge
portion 2107 of the first auxiliary wiring 210 and the second
edge portion 220T of the second auxiliary wiring 220, and the
upper electrode 500 may include a connection portion CP
electrically connected to the auxiliary wiring part 200.
[0050] Additionally, in this embodiment, the upper elec-
trode 500 may be disposed also on the power connecting
electrode 250, and a power used for allowing the organic
light-emitting layer 400 to emit light may be applied to the
upper electrode 500 through the power connecting electrode
250. In this embodiment, the pixel electrode 110B may opet-
ate as an anode and the auxiliary wiring part 200 may be
electrically connected with the power connecting electrode
250 through the upper electrode 500, and an electrical resis-
tance of the upper electrode 500 may be reduced. Further-
more, the upper electrode 500 and the voltage applying part
70 may be electrically connected with each other through the
upper electrode 500.

[0051] FIG. 5, FIG. 6, FIG. 7, FIG. 8A and FIG. 8B illus-
trate a manufacturing method of the display device in FIG. 4.
[0052] Referring to FIG. 8, a conductive film may be
formed on the substrate 1000 and then the conductive film
may be patterned to form the pixel electrode 110B, the first
auxiliary wiring 210, the second auxiliary wiring 220, and the
power connecting electrode 250. In this embodiment, the
conductive film may be patterned by photolithography.
[0053] Referring to FIG. 6, the insulating layer 300 includ-
ing the first opening 310, the second opening 320 and the third
opening 350 may be formed on the substrate 1000. A source
film including a photosensitive polyimide may be formed on
the substrate 1000, and thereafter, the insulating layer 300 in
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which the first, second and third openings 310, 320, and 350
are defined may be formed by performing, on the source film,
a patterning process using photolithography.

[0054] Referring to FIG. 7, the organic light-emitting layer
400 may be formed on the substrate 1000. Before the organic
light-emitting layer 400 is formed, oxygen plasma treatment
may be performed. The organic light-emitting layer 400 may
have a uniform thickness as illustrated in FIG. 7. In embodi-
ments, the organic light-emitting layer 400 may have a dif-
ferent thickness or a different stacking structure according to
the region.

[0055] Referring to FIG. 8A and FIG. 8B, an electric dis-
charge may be induced between the first and second auxiliary
wirings 210 and 220 by applying a voltage to each of the first
auxiliary wiring 210 and the second auxiliary wiring 220. For
example, the voltage may have a frequency about 100 KHz
and a root-mean-square voltage in a range from about 100
Vrm to about 300 Vrms, and an electric discharge may be
induced between the first and second auxiliary wirings 210
and 220.

[0056] In this embodiment, the voltage may be applied to
the first auxiliary wiring 210 through a first auxiliary wiring
terminal BL1, and to the second auxiliary wiring 220 through
a second auxiliary wiring terminal BL2. The first auxiliary
wiring terminal BL 1 may be disposed outside the display area
100 including a plurality of pixels (pix) to be electrically
connected with the first auxiliary wiring 210, and the second
auxiliary wiring terminal BL.2 may be disposed outside the
display area 100 to be electrically connected with the first
auxiliary wiring 220.

[0057] In this embodiment, the plurality of the edge gaps
BW may be located corresponding to two sides of the pixels
(pix) facing each other.

[0058] An electric discharge may be induced between the
first and second auxiliary wirings 210 and 220, as illustrated
in FIG. 8A, and a portion of the organic light-emitting layer
400 may be removed due to energy caused by the electric
discharge. Fach of the first edge portion 210T of the first
auxiliary wiring 210 and the second edge portion 220T of the
second auxiliary wiring 220 may be partially exposed, and the
residue 450 of the organic light-emitting layer 400 may
remain between the first and second auxiliary wirings 210 and
220.

[0059] Description was exemplarily given of the case in
which each of the first and second auxiliary wirings 210 and
220 is provided singly. In embodiments, the first and second
auxiliary wirings 210 and 220 may be provided in plurality, a
voltage may be applied across the entire auxiliary wiring part
200, and the electric discharge may be induced in plurality
between the plurality of first auxiliary wirings 210 and the
plurality of second auxiliary wirings 220, and the organic
light-emitting layer 400 may be partially removed in corre-
spondence with the positions of electric discharges induced in
plurality.

[0060] In this embodiment, the separation distance of the
edge gap BW may be in the range of about 5 um to about 100
pm, the organic light-emitting layer 400 may be partially
removed by the electric discharge, and the edge portions 210T
and 220T may be easily exposed. When the separation dis-
tance of the edge gap BW is less than 5 um, a short may
happen between the first and second edge portions 210T and
220T. Additionally, when the separation distance of the edge
gap BW is more than 5 pm, conditions for inducing the
electric discharge to remove the organic light-emitting layer
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400 may be strictly restricted, a level of a voltage applied to
the first and second edge portions 210T and 2207 increases,
and elements such as TFTs disposed on the substrate 1000
may be damaged by the voltage.

[0061] Furthermore, as the electrical resistance of the con-
nection between the auxiliary wiring part 200 and the upper
electrode 500 becomes smaller, the effect of reducing the
electrical resistance of the upper electrode 500 by the auxil-
iary wiring part 200 may become larger. The brightness of the
display device may become uniform, and power consumption
ofthe display device may bereduced. In this embodiment, the
electrical resistance of the connection between the auxiliary
wiring part 200 and the upper electrode 500 may be about 200
kQ orless, and the voltage drop at the connection between the
auxiliary wiring part 200 and the upper electrode 500 may be
controlled to 2'V or less. In embodiments, the electrical resis-
tance of the connection between the auxiliary wiring part 200
and the upper electrode 500 may be about 50k or less, and
the voltage drop at the connection between the auxiliary
wiring part 200 and the upper electrode 500 may be controlled
to 0.5V or less.

[0062] Moreover, a single connection between the auxil-
iary wiring part 200 and the upper electrode 500 may be
formed for one pixel, or a single connection between the
auxiliary wiring part 200 and the upper electrode 500 may be
formed for n number of pixels (where n is a natural number
equal to or more than 2).

[0063] As in the first embodiment described above, the
organic light-emitting layer 400 located between the first
auxiliary wiring 210 and the second auxiliary wiring 220
adjacent to each other may be partially removed easily by the
electric discharge, and there may be no need to remove the
organic light-emitting layer 400 by using other means such as
a laser. A mask alignment which defines a laser irradiation
position may be unnecessary, and a process for selectively
removing the organic light-emitting layer 400 may be simpli-
fied.

[0064] After removing the organic light-emitting layer 400
partially and forming the upper electrode 500 on the light-
emitting layer 400, the first and second auxiliary wirings 210
and 220 may be connected to the upper electrode 500 as
illustrated in FIG. 4. In this embodiment, the upper electrode
500 may operate as a cathode.

[0065] After forming the upper electrode 500, an encapsu-
lation process may be performed on a substrate 1000 on
which the organic light-emitting layer 400, the upper elec-
trode 500 and the pixel electrode 110B may be formed, by
using an encapsulant such as a transparent encapsulating
glass.

Second Embodiment

[0066] In the first embodiment described above in detail, a
voltage may be simultaneously applied to the entire auxiliary
wiring part 200, and the electric discharge may be induced
simultaneously not only at the edge gap BW between the first
edge portion 210T and the second edge portion 220T illus-
trated in FIG. 4 but also at the edge gaps BW between the first
auxiliary wirings 210 and the second auxiliary wirings 220
which are defined in the entire display area (100 in FIG. 2).
The second embodiment differs from the first embodiment in
that the auxiliary wiring part 200 is divided according to a
region and the electric discharge occurs sequentially at the
divided auxiliary wiring parts 200, which will be more fully
described with reference to FIG. 9 hereinafter.
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[0067] FIG. 9illustrates a schematic view of a construction
of a display device according to the second embodiment.
[0068] Referring to FIGS. 4 and 9, a display area of a
display device 1A may be divided into a first display area
100A1 and a second display area 100A2. The display device
1A may include a first voltage applying part 70A1 and a
second voltage applying part 70A2. A portion of an auxiliary
wiring part 200 located in the first display area 100A1
receives a voltage through the first voltage applying part
70A1, and the other portion of the auxiliary wiring part 200
located in the second display area 100A2 receives a voltage
through the second voltage applying part 70A2.

[0069] In the second embodiment, a voltage may need not
be applied at once to the entire auxiliary wiring part 200
disposed across the first and second display areas 100A1 and
100A2, and it may be possible to prevent damage to elements
such as TFTs disposed on the display device 1A caused by an
increase of a current.

Third and Fourth Embodiments

[0070] Referring to FIG. 3 again, in the first embodiment,
each of the first edge portion 210T of the first auxiliary wiring
210 and the second edge portion 220T of the second auxiliary
wiring 220 has a rectangular shape on a plane. The fourth
embodiment differs from the first embodiment in that each
edge portion of the first auxiliary wiring 210 and the second
auxiliary wiring 220 may have a different shape, which will
be more fully described with reference to FIGS. 10 and 11
hereinafter.

[0071] FIG. 10 illustrates an enlarged plan view of auxil-
iary wirings according to a third embodiment.

[0072] Referring to FIG. 10, the auxiliary wiring part 220A
may include a first auxiliary wiring 210A and a second aux-
iliary wiring 210B. The first auxiliary wiring 210A may
include a first edge portion 210TB, and the second auxiliary
wiring 210B may include a second edge portion 220TB. The
first edge portion 210TB may face the second edge portion
220TB and the first and second edge portions 210TB and
220TB may be spaced apart from each other.

[0073] Inthethird embodiment, each of'the first and second
edge portions 210TB and 220TB has a triangular shape on a
plane, the shortest distance between the first and second edge
portions 210TB and 220TB may be defined as a distance
between the vertex of the triangle defined in the first edge
portion 210TB and the vertex of the triangle defined in the
second edge portion 220TB, and an electric discharge
between the first and second edge portions 210TB and 220TB
may occur more easily.

[0074] FIG. 11 illustrates an enlarged plan view of auxil-
iary wirings according to a fourth embodiment.

[0075] Referring to FIG. 11, the auxiliary wiring part 220B
may include a first auxiliary wiring 210A and a second aux-
iliary wiring 210B-1. The first auxiliary wiring 210A may
include a first edge portion 210TB, and the second auxiliary
wiring 210B-1 may include a second edge portion 220TC.
The first edge portion 210TB may face the second edge por-
tion 220TC, and the first and second edge portions 210TB and
220TC may be spaced apart from each other.

[0076] In the fourth embodiment, the second edge portion
210TC may have a rectangular shape on a plane, and the
width of the second edge portion 210TC may be larger than
the width of the second auxiliary wiring 210B-1. In embodi-
ments, the first edge portion 210TB may have a rectangular
shape on a plane, and the second edge portion 210TC may
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have a triangular shape on a plane. In still embodiments, each
of the first edge portion 210TB and the second edge portion
210TC may have a rectangular shape on a plane.

[0077] FIG. 12, FIG. 13 and FIG. 14 illustrate a manufac-
turing method of a display device according to the fourth
embodiment. In the description of FIGS. 12 through 14, ref-
erence symbols are written together with like reference
numerals for like elements described above and repeated
descriptions thereof are omitted.

[0078] Referring to FIG. 12, an organic light-emitting layer
400 may be formed on a substrate 1000, and then a conductive
layer 510 covering a portion of the organic light-emitting
layer 400 located between a first auxiliary wiring 210 and a
second auxiliary wiring 220 may be formed. In this embodi-
ment, the conductive layer 510 may include aluminum and
magnesium, and the conductive layer 510 may not cover a
portion of the organic light-emitting layer 400 received in a
first opening 310.

[0079] Referring to FIG. 13, as described above with ref-
erence to FIG. 8A and FIG. 8B, a voltage may be applied to
each of the first auxiliary wiring 210 and the second auxiliary
wiring 220. An electric discharge may be induced between
the first edge portion 210T of the first auxiliary wiring 210
and the second edge portion 220T of the second auxiliary
wiring 210, each of the organic light-emitting layer 400 and
the conductive layer 510 corresponding to the edge gap BW
may be partially removed by the electric discharge, and the
firstedge portion 210T and the second edge portion 220T may
be exposed to the outside.

[0080] Referring to FIG. 14, an upper electrode 520-1 may
be formed after exposing the first edge portion 210T and the
second edge portion 220T. The first auxiliary wiring 210 and
the second auxiliary wiring 220 may be electrically con-
nected with each other by the upper electrode 520-1, and the
upper electrode 520-1 may operate as a cathode since the
upper electrode 520-1 may be disposed over a pixel electrode
100B with the organic light-emitting layer 400 disposed ther-
ebetween.

[0081] Theconductivelayer510 may covera vicinity of the
edge gap BW before the electric discharge is induced between
the first auxiliary wiring 210 and the second auxiliary wiring
210, and damage to the vicinity may be prevented, as
described in this embodiment.

[0082] According to the method of manufacturing the dis-
play device, the display device further comprises the conduc-
tive layer 510 an element. The conductive layer 510 is dis-
posed between the organic light-emitting layer 400 and the
upper electrode 520-1 to electrically connected to the upper
electrode 520-1. Additionally, the conductive layer 510 is
placed around the first edge portion 210T of the first auxiliary
wiring 210 and the second edge portion 220T of the second
auxiliary wiring 220 to partially cover the organic light-emit-
ting layer 400.

[0083] According to embodiments, the process of connect-
ing the auxiliary wirings and the upper electrode may be
simplified.

[0084] By way of summation andreview, it may not be easy
to reduce a resistance of an upper electrode of a metal thin
film with light transmittance or including a transparent con-
ductive oxide. A voltage drop due to the resistance of the
upper electrode may cause non-uniformity of brightness of an
image displayed on the organic electroluminescence display
device and a brightness distribution. The brightness distribu-
tion may occur noticeably as the organic electroluminescence
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display device has a higher brightness and a larger screen
needing a high current. Attempts have been made to reduce
the voltage drop by connecting the upper electrode with an
auxiliary wiring.

[0085] In the formation of organic light-emitting layers, as
the number of layers which may be formed in common
increases, a manufacturing process may become easier. It
may be necessary to add a process of removing an organic
layer formed on an auxiliary wiring, or to prevent the organic
layer from adhering to the auxiliary wiring when forming the
organic layer. A process for the auxiliary wiring may become
complex, which may be a cause of a low production yield in
a mass-production.

[0086] For example, it may be necessary to align and dis-
pose a shield mask for irradiating only a required portion ofa
large screen display with a laser, or to align a mask in a
vacuum and simultaneously perform laser irradiation mul-
tiple times.

[0087] Embodiments may simplify a process of connecting
the auxiliary wiring and an upper electrode.

[0088] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as would
be apparent to one of skill in the art as of the filing of the
present application, features, characteristics, and/or elements
described in connection with a particular embodiment may be
used singly or in combination with features, characteristics,
and/or elements described in connection with other embodi-
ments unless otherwise specifically indicated. Accordingly, it
will be understood by those of skill in the art that various
changes in form and details may be made without departing
from the spirit and scope of the present invention as set forth
in the following claims.

What is claimed is:

1. A display device, comprising:

a pixel electrode in each of a plurality of pixels;

an auxiliary wiring part including a first auxiliary wiring
having afirst edge portion, and a second auxiliary wiring

having a second edge portion spaced apart from and
facing the first edge portion;

an insulating layer on the pixel electrode and the auxiliary
wiring part, and in which a first opening and a second
opening are defined, the first opening overlapping the
pixel electrode, and the second opening overlapping the
first edge portion and the second edge portion;

an organic light-emitting layer on the insulating layer and
contacting the pixel electrode through the first opening;
and

an upper electrode on the organic light-emitting layer and
having a connection portion electrically connected with
the auxiliary wiring part through the second opening.

2. The display device as claimed in claim 1, wherein a
separation distance between the first edge portion and the
second edge portion is smaller than a separation distance
between the first auxiliary wiring or the second auxiliary
wiring and the pixel electrode.

3. The display device as claimed in claim 2, wherein the
separation distance between the first edge portion and the
second edge portion is in a range from about 5 um to about
100 pum.
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4. The display device as claimed in claim 1, wherein the
upper electrode has a plurality of connection portions and a
contact resistance of each of the connection portions is about
200 kQ or less.

5. The display device as claimed in claim 1, further com-
prising a power connecting electrode electrically connected
with the upper electrode to apply a power for the organic
light-emitting layer to emit light,

wherein the power connecting electrode is electrically con-

nected with the auxiliary wiring through the upper elec-
trode.

6. The display device as claimed in claim 1, further com-
prising:

a first auxiliary wiring terminal electrically connected with

the first auxiliary wiring; and

a second auxiliary wiring terminal electrically connected

with the second auxiliary wiring, wherein the first and
second auxiliary wiring terminals are located outside a
display area.

7. The display device as claimed in claim 1, wherein the
pixel electrode, the first auxiliary wiring, and the second
auxiliary wiring are on the same layer.

8. The display device as claimed in claim 1, further com-
prising a conductive layer,

wherein the conductive layer is disposed between the

organic light-emitting layer and the upper electrode to
electrically connected to the upper electrode, and the
conductive layer is placed around the first edge portion
of the first auxiliary wiring and the second edge portion
of the second auxiliary wiring to partially cover the
organic light-emitting layer.

9. A method of manufacturing a display device, the method
comprising:

forming a pixel electrode on a substrate;

forming, on the substrate, a first auxiliary wiring and a

second auxiliary wiring spaced apart from the first aux-
iliary wiring;

forming an organic light-emitting layer on the pixel elec-

trode, the first auxiliary wiring, and the second auxiliary
wiring;
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inducing an electrical discharge between the first and sec-
ond auxiliary wirings by applying a voltage to each of
the first and second auxiliary wirings to remove a portion
of the organic light-emitting layer located between the
first and second auxiliary wirings and form an opening
in the organic light-emitting layer; and

forming an upper electrode electrically connected with the
first and second auxiliary wirings, the upper electrode
contacting the first and second auxiliary wirings through
the opening.
10. The method as claimed in claim 9, wherein the first
auxiliary wiring, the second auxiliary wiring, and the pixel
electrode are formed on the same layer.

11. The method as claimed in claim 10, wherein the first
auxiliary wiring, the second auxiliary wiring, and the pixel
electrode are formed of the same material.

12. The method as claimed in claim 9, wherein a voltage is
applied to a first auxiliary wiring terminal electrically con-
nected to the first auxiliary wiring, and a voltage is applied to
a second auxiliary wiring terminal electrically connected to
the second auxiliary wiring, thereby inducing an electric dis-
charge.

13. The method as claimed in claim 9, wherein a separation
distance between edge portions of the first and second auxil-
iary wirings facing each other is smaller than a separation
distance between the first or second auxiliary wiring and the
pixel electrode.

14. The method as claimed in claim 13, wherein the sepa-
ration distance between edge portions of the first and second
auxiliary wiring facing each other is in a range from about 5
pum to about 100 pm.

15. The method as claimed in claim 9, further comprising,
before inducing the electrical discharge between the first and
second auxiliary wirings, forming a conductive layer cover-
ing a vicinity of edge portions of the first and second auxiliary
wiring facing each other on the organic light-emitting layer.
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