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ORGANIC LIGHT-EMITTING DISPLAY
DEVICE AND METHOD FOR
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] Thisapplicationclaims the priority of Korean Patent
Application No. 10-2013-0120123 filed on Oct. 8, 2013, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference.

BACKGROUND
[0002] 1. Field of Technology
[0003] The present disclosure relates to an organic light-

emitting display device and a method for manufacturing the
same, and more particularly, to an organic light-emitting dis-
play device which can solve problems regarding luminance
non-uniformity and improve an aperture ratio in a pixel by
using an auxiliary wiring and a method for manufacturing the
same.

[0004] 2. Description of the Related Art

[0005] Since an organic light-emitting display (OLED)
device does not need a separate light source unlike a liquid
crystal display (LCD) device, the OLED device can be manu-
factured in a lightweight and thin form. Further, the OLED
device is advantageous in terms of power consumption since
it is driven with a low voltage. Also, the OLED device has a
high response speed, a wide viewing angle, and a high con-
trast ratio. Therefore, the OLED device has been studied as a
next-generation display device.

SUMMARY

[0006] In the case of a top-emission type organic light-
emitting display (OLED) device, an electrode having trans-
parent or semi-transparent properties is used as a cathode in
order to upwardly emit light emitted from an organic light-
emitting layer. When an electrode having transparent or semi-
transparent properties is used as a cathode, the cathode is
formed to a thin thickness in order to improve transmittance.
A reduction in thickness of a cathode causes an increase in
electrical resistance of the cathode. Also, since the electrical
resistance is proportional to a distance from a voltage supply,
the electrical resistance of the cathode is gradually increased
farther away from a voltage supply pad unit. When the elec-
trical resistance of the cathode is increased, the voltage drop
is further increased. In the embodiments herein, the voltage
drop means a phenomenon where a potential difference gen-
erated inan organic light-emitting element is decreased. To be
more specific, the voltage drop means a phenomenon where
the potential difference between the anode and the cathode is
decreased when a voltage of the cathode 1s raised by an
increase of the electrical resistance of the cathode. The volt-
age drop may cause a problem regarding luminance non-
uniformity of the organic light-emitting display device. In
particular, as a size of the organic light-emitting display
device is increased, the luminance non-uniformity is more
severe,

[0007] In order to minimize a voltage drop, many methods
using a separate auxiliary wiring have been used. When a
separate auxiliary wiring is formed on the same plane with an
anode of an organic light-emitting element, a light-emitting
area in a pixel is decreased, because an area of the anode is
relatively decreased.
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[0008] Thus, an object of the present disclosure is to pro-
vide an OLED device capable of solving the above-men-
tioned luminance non-uniformity problem of an OLED
device by minimizing a voltage drop in an organic light-
emitting element, and a method for manufacturing the same.
[0009] Another object of the present disclosure is to pro-
vide an OLED device capable of solving the luminance non-
uniformity problem of an OLED device while improving a
light-emitting area and an aperture ratio in a pixel, and a
method for manufacturing the OLED device.

[0010] A further object of the present disclosure is to pro-
vide an OLED device capable of minimizing a voltage drop
while reducing an effect of a parasitic capacitance generated
between an auxiliary wiring and a thin-film transistor, and a
method for manufacturing the OLED device.

[0011] The objects of the present disclosure are not limited
to the aforementioned objects, and other objects, which are
not mentioned above, will be apparent to those skilled in the
art from the following description.

[0012] According to an aspect of the present disclosure,
there is provided an OLED device. The OLED device
includes a substrate, a thin-film transistor, a planarization
layer, an organic light-emitting element including an anode
and an organic light-emitting layer and a cathode, and a lower
auxiliary wiring. The thin-film transistor is formed on the
substrate, and the planarization layer is formed on the thin-
film transistor. Herein, the lower auxiliary wiring is arranged
between the organic light-emitting element and the planariza-
tion layer and electrically connected with the cathode.
[0013] Since the cathode is connected with the lower aux-
iliary wiring and thus a resistance thereof decreases, it is
possibleto solve the luminance non-uniformity problem of an
OLED device by minimizing a voltage drop in the organic
light-emitting element.

[0014] Further, since the lower auxiliary wiring is arranged
between the planarization layer and organic light-emitting
element, it is possible to improve an aperture ratio in a pixel
and reduce an effect of parasitic capacitance due to the lower
auxiliary wiring.

[0015] Details of other exemplary embodiments are
included in the detailed description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The above and other aspects, features and other
advantages of the present disclosure will be more clearly
understood from the following detailed description taken in
conjunction with the accompanying drawings, in which:
[0017] FIG. 1A and FIG. 1B are cross-sectional views of an
organic light-emitting display device according to one
embodiment;

[0018] FIG. 1C is a cross-sectional view of a transparent
organic light-emitting display device according to one
embodiment;

[0019] FIG. 2 is a plane view of an organic light-emitting
display device according to one embodiment;

[0020] FIG. 3A to FIG. 3C are plane views of an organic
light-emitting display device according one embodiment;
[0021] FIG. 4 is a flowchart of a method for manufacturing
an organic light-emitting display device according to one
embodiment; and

[0022] FIG. 5A to FIG. 5E are cross-sectional views of
respective processes provided for manufacturing an organic
light-emitting display device according to one embodiment.
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DETAILED DESCRIPTION

[0023] Various advantages and features of the present dis-
closure and methods accomplishing thereof will become
apparent from the following description of embodiments with
reference to the accompanying drawings. However, the
present disclosure is not limited to exemplary embodiment
disclosed herein but will be implemented in various forms.
The exemplary embodiments are provided by way of example
only so that a person of ordinary skilled in the art can fully
understand the disclosures of the present disclosure and the
scope of the present disclosure. Therefore, the present disclo-
sure will be defined only by the scope of the appended claims.
[0024] Indicating that elements or layers are “on” other
elements or layers include both a case in which the corre-
sponding elements are just above other elements and a case in
which the corresponding elements are intervened with other
layers or elements. Indicating that elements or layers are
“directly on” other elements or layers means a case in which
the corresponding elements are just above other elements.
[0025] The same reference numerals indicate the same ele-
ments throughout the specification.

[0026] In the drawings, size and thickness of each element
are arbitrarily illustrated for convenience of description, and
the present disclosure is not necessarily limited to those illus-
trated in the drawings.

[0027] Although first, second, and the like are used in order
to describe various components, the components are not lim-
ited by the terms. The above terms are used only to discrimi-
nate one component from the other component. Therefore, a
first component mentioned below may be a second compo-
nent within the technical spirit of the present disclosure.
[0028] Respective features of various exemplary embodi-
ments of the present disclosure can be partially or totally
joined or combined with each other and as sufficiently appre-
ciated by those skilled in the art, various interworking or
driving can be technologically achieved and the respective
exemplary embodiments may be executed independently
from each other or together executed through an association
relationship.

[0029] Hereinafter, various exemplary embodiments of the
present disclosure will be explained in detail with reference to
the accompanying drawings.

[0030] FIG. 1A is a cross-sectional view of an organic
light-emitting display device according to one embodiment.
[0031] Referring to FIG. 1A, an organic light-emitting dis-
play device 100A includes a substrate 110, a buffer layer 111,
a gate insulating layer 113, an inter-insulating layer 112, a
thin-film transistor T, a connection member 141, a lower
auxiliary wiring 142, an anode 151, a planarization layer 114,
an additional insulating layer 115, bank layers 116, 117, and
119, a separation wall 118, an organic light-emitting layer
152, acathode 153, atransparent conductive layer 154, and an
upper auxiliary wiring 160. A thin-film transistor T includes
an active layer 131, a gate electrode 132, a source electrode
133 and a drain electrode 134.

[0032] The organic light-emitting display device 100A
according to one embodiment; is a top-emission type organic
light-emitting display device. In the top-emission type
organic light-emitting display device 100A, the anode 151
includes a reflective layer, and the light emitted from the
organic light-emitting layer 152 is emitted through the cath-
ode 153 having transparent or semi-transparent properties.
[0033] The organic light-emitting display device 100A
includes a light-emitting area EA and an auxiliary wiring area
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SA. The light-emitting area EA refers to a region in which
light is emitted from the organic light-emitting layer 152. For
example, referring to FIG. 1A, the light-emitting area EA is
defined by the bank layers 116 and 119 at the edges of the
anode 151. The auxiliary wiring area SA refers to a region
where the lower auxiliary wiring 142 is formed.

[0034] The buffer layer 111 is formed on the substrate 110,
and the thin-film transistor T is formed on the buffer layer
111. To be more specific, the active layer 131 is formed on the
buffer layer 111 and the gate insulating layer 113 is formed
thereon. The gate electrode 132 is formed on the gate insu-
lating layer 113 and the inter-insulating layer 112 is formed
on the entire surface thereof. The source electrode 133 and the
drain electrode 134 are electrically connected with the active
layer 131 through contact-holes of the inter-insulating layer
112 and the gate insulating layer 113.

[0035] The thin-film transistor T has a coplanar structure
including the active layer 131, the gate electrode 132, the
source electrode 133, and the drain electrode 134. The copla-
nar thin-film transistor T has a structure in which the source
electrode 133, the drain electrode 134, and the gate electrode
132 are arranged above or under the active layer 131.
Although, in the embodiments herein, the thin-film transistor
T has a coplanar structure, the present disclosure is not lim-
ited thereto. The thin-film transistor T may employ various
structures.

[0036] Further, although, in the embodiments herein, the
anode 151 is connected with the drain electrode 134 when the
thin-film transistor T is a P-type thin-film transistor T, the
present disclosure is not limited thereto. For example, when
the thin-film transistor T is an N-type thin-film transistor, the
anode 151 may be connected with the source electrode 133.
[0037] Referring to FIG. 1A, the planarization layer 114 is
formed on the thin-film transistor T. The planarization layer
114 protects elements arranged under the planarization layer
114 and also provides a planar surface over the thin-film
transistor T to easily form other elements on the thin-film
transistor T. In the organic light-emitting display device
100A, the planarization layer 114 is sufficiently thick to pro-
vide a planar surface over the thin-film transistor T to form an
organic light-emitting element including the anode 151, the
organic light-emitting layer 152 and the cathode 153. The
planatization layer 114 is formed of one or more materials of,
but not limited to a polyacrylates resin, an epoxy resin, a
phenolic resin, a polyamides resin, a polyimides resin, an
unsaturated polyesters resin, a poly-phenylenethers resin, a
poly-phenylenesulfides resin, and benzocyclobutene. Fur-
ther, the planarization layer 114 may be formed of various
other organic materials. Also, the planarization layer 114 is
formed to have contact-holes through which the drain elec-
trode 134 is exposed.

[0038] Theconnection member 141 and the lower auxiliary
wiring 142 are formed on the planarization layer 114.
[0039] The lower auxiliary wiring 142 is electrically con-
nected with the cathode 153 and is formed of a conductive
material so as to minimize a voltage drop due to a resistance
of the cathode 153. Further, the lower auxiliary wiring 142
may be extended to be electrically connected with a voltage
supply pad unit at a non-display region. The lower auxiliary
wiring 142 may receive a preset voltage, and the preset volt-
age may be the same voltage as that of the cathode 153, for
example, a ground (GND) or negative voltage.

[0040] Thelower auxiliary wiring 142 can decrease a resis-
tance of the cathode 153 electrically connected thereto. To be
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specific, the lower auxiliary wiring 152 connected to the
cathode 153 is configured to receive the same voltage as that
of the cathode 153 from the voltage supply pad unit. That is,
for a given pixel, the resistance of the cathode 153 can be
decreased by being connected to the lower auxiliary wiring
152. A decrease in resistance of the cathode 153 can lead to a
decrease in a voltage drop that a potential difference between
the anode 151 and the cathode 153 is deceased. Accordingly,
even if the voltage drop occurs due to the resistance of the
cathode 153, the lower auxiliary wiring 152 connected to the
cathode 153 allows for the application of the required voltage
to the pixel. The lower auxiliary wiring 142 may be formed to
have a width and a thickness based on a size of the organic
light-emitting display device so as to decrease the voltage
drop. A resistance of the lower auxiliary wiring 142 can be
calculated based on a width, a length, a thickness, a material,
and like of the lower auxiliary wiring 142.

[0041] As described above, the lower auxiliary wiring 142
is formed on the planarization layer 114, which is substan-
tially planar. That is, the lower auxiliary wiring 142 is formed
on a top surface of the planarization layer 114 such that the
lower auxiliary wiring 142 is planar. In this way, the lower
auxiliary wiring 142 is formed so as not to have stepped
portions. For example, when the lower auxiliary wiring 142 is
formed on a passivation layer consisting of an inorganic mate-
rial, the lower auxiliary wiring 142 may have stepped por-
tions. Because, it is difficult that the passivation layer has
sufficient thickness to provide a planar cover for other ele-
ments under the passivation layer.

[0042] Further, the organic light-emitting display device
100A has various advantages as compared with a structure
having the lower auxiliary wiring 142 formed under the top
surface of the planarization layer 114. When the lower aux-
iliary wiring 142 is formed under the top surface of the pla-
narization layer 114 and closer to the transistor T, a parasitic
capacitance may be generated between the lower auxiliary
wiring 142 of a conductive material and the components of
the thin-film transistor T. However, as illustrated in FIG. 1A,
by placing the lower auxiliary wiring 142 on the top surface of
the planarization layer 114, a sufficient distance between the
lower auxiliary wiring 142 and the components of the thin-
film transistor T can be provided to minimize a parasitic
capacitance.

[0043] As one example where the lower auxiliary wiring
142 is not formed on the planarization layer 114, the lower
auxiliary wiring 142 may be formed directly on the passiva-
tion layer covering the thin-film transistor T. More specifi-
cally, the passivation layer is formed on the components of the
thin-film transistor T and the lower auxiliary wiring 142 is
formed directly on the passivation layer. In this case, a high
parasitic capacitance may be generated between the lower
auxiliary wiring 142 and the components of the thin-film
transistor T. Such a high parasitic capacitance may cause
deterioration in performance of the thin-film transistor T.
[0044] However, as illustrated in FIG. 1A, when the lower
auxiliary wiring 142 is formed on the planarization layer 114,
a sufficient distance can be maintained between the lower
auxiliary wiring 142 and the planarization layer 114. There-
fore, a parasitic capacitance may be lower than the structure in
whichthe lower auxiliary wiring 142 is formed directly on the
passivation layer.

[0045] In this regard, the planarization layer 114 should
have a sufficient thickness to minimize an effect of a parasitic
capacitance generated between the lower auxiliary wiring
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142 and the thin-film transistor T. For instance, a gate charge
voltage may vary or crosstalk may be generated if the para-
sitic capacitance between the lower auxiliary wiring 142 and
the thin-film transistor T is above 0.1 {F per unit area (um?),
and it results in deterioration in characteristics of the thin-film
transistor T. Accordingly, in one embodiment, the planariza-
tion layer 114 may have a thickness such that a parasitic
capacitance between the thin-film transistor T and the lower
auxiliary wiring 142 may be desirably 0.1 fF (femto farad) or
less per unit area (um®). By making the parasitic capacitance
between the lower auxiliary wiring 142 and the thin-film
transistor T to be 0.1 fF or less perunit area (um”), undesirable
effects, which may be caused by the lower auxiliary wiring
142, can be minimized.

[0046] Referring to FIG. 1A, the lower auxiliary wiring 142
is arranged between the anode 151 of the organic light-emit-
ting element and the planarization layer 114, and also the
lower auxiliary wiring 142 is formed in the auxiliary wiring
area SA so as to be partially overlapped with the light-emit-
ting area EA. The light-emitting area EA can be defined as a
region extending between a first side of the bank layer 116
formed at one end of the anode 151 and a second side of the
bank layer 119 formed at the other opposing end of the anode
151, the first side facing the second side. Further, the light-
emitting area EA may refer to an entire anode 151 region
except for the anode 151 regions covered with the bank layers
116 and 119. The light-emitting area EA may refer to an
anode 151 region where the organic light-emitting layer 152
is in direct contact with the anode 151. Also, the light-emit-
ting area EA is opened between the bank layers 116 and 119
and may defined by the bank layers 116 and 119. Further, the
light-emitting area EA may be partially overlapped with the
anode 151 region.

[0047] Thelower auxiliary wiring 142 is not formed on the
same plane with the anode 151, but is formed beneath the
anode 151. Accordingly, the size of the anode 151 region is
not dependent on the size of the lower auxiliary wiring 142,
and thus, the anode 151 region can be increased to provide a
larger light-emitting area EA.

[0048] Hence, the positioning of the lower auxiliary wiring
142 between the planarization layer 114 and the organic
light-emitting element may be optimized, when considering
the performance of the thin-film transistor T, the reduction of
the voltage drop of the organic light-emitting element, and the
extension of the light-emitting area EA.

[0049] The connection member 141 is electrically con-
nected with the drain electrode 134 via a contact-hole of the
planarization layer 114 to which the drain electrode 134 is
exposed. The connection member 141 is configured to elec-
trically connect the drain electrode 134 and the anode 151
with each other. The connection member 141 may be formed
in a minimum volume as long as electrically connecting the
drain electrode 134 and the anode 151 with each other. By the
minimum volume, the lower auxiliary wiring 142 area can be
maximized.

[0050] The anode 151 and the drain electrode 134 may be
directly and electrically connected with each other without
the connection member 141. However, in order to directly and
electrically connect the anode 151 with the drain electrode
134, it 1s necessary to form contact-holes in both of the
planarization layer 114 and the additional insulating layer
115. Therefore, a shape of the contact-holes may not be
formed accurately, resulting in a problem with the electrical
connection between the anode 151 and the drain electrode
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134. Further, even when the contact-holes may be formed
accurately, there may occur, due to a considerable depth of the
contact-holes, a problem with the electrical connection
between the anode 151 and the drain electrode 134. Accord-
ingly, in the organic light-emitting display device 100A
according to one embodiment, the connection member 141 is
formed between the drain electrode 134 and the anode 151,
facilitating the electrical connection of the drain electrode
134 with the anode 151.

[0051] Theconnection member 141 and the lower auxiliary
wiring 142 may be formed of, but not limited to, any one of
molybdenum (Mo), aluminum (Al), chromium (Cr), gold
(Au), titanium (Ti), nickel (Ni), neodymium (Nd), and copper
(Cu), alloys of thereof, or multilayers thereof. Further, the
connection member 141 may be formed of various materials.
The lower auxiliary wiring 142 may be formed of the same
material, at the same time, as the connection member 141.
And the connection member 141 is formed on the same plane
with the lower auxiliary wiring 142.

[0052] The additional insulating layer 115 is formed on the
connection member 141 and the lower auxiliary wiring 142
entirely over the substrate 110. The additional insulating
layer 115 is formed to insulate the lower auxiliary wiring 142
from the anode 151. Further, the additional insulating layer
115 may have contact-holes 143 and 144 formed there-
through, the contact-hole 143 opening a portion of the con-
nection member 141, and the contact-hole 144 opening a
portion of the lower auxiliary wiring 142.

[0053] The additional insulating layer 115 may be formed
of, but not limited to, a silicon oxide layer, a silicon nitride
layer, or a double layer thereof. The additional insulating
layer 115 may be formed of various inorganic materials.
When the additional insulating layer 115 may be formed of an
inorganic material, the anode 151 above and between the
lower auxiliary wiring 142 and the connection member 141
has a step as illustrated in FIG. 1. Thus, the bank layer 119 is
formed so as to cover the step of the anode 151 above and
between the lower auxiliary wiring 142 and the connection
member 141,

[0054] Further, the additional insulating layer 115 may pro-
vide a planar cover for the connection member 141 and the
lower auxiliary wiring 142 so as to allow for easy formation of
other elements over the connection member 141 and the
lower auxiliary wiring 142. In one embodiment, the addi-
tional insulating layer 115 may be formed of the same mate-
rial as the planarization layer 114. When the additional insu-
lating layer 115 is formed to perform the same function as the
planarization layer 114, the additional insulating layer 115
may provide a planar cover for the connection member 141
and the lower auxiliary wiring 142. When the additional
insulating layer 115 provides a planar cover for the connec-
tion member 141 and the lower auxiliary wiring 142, the bank
layer 119 may be formed so as to cover only the contact-hole
143 through which the anode 151 is in contact with the con-
nection member 141. Itis not necessary to form the bank layer
119 to cover the anode 151 region above and between the
lower auxiliary wiring 142 and the connection member 141.
Therefore, when the additional insulating layer 115 provides
aplanar cover for the lower auxiliary wiring 142, abank layer
119 region may be reduced, and, thus, the light-emitting area
EA defined by the bank layers 119 and 116 may be further
extended.

[0055] The organic light-emitting element including the
anode 151, the organic light-emitting layer 152, and the cath-
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ode 153 is formed on the additional insulating layer. The
organic light-emitting display device 100A is driven to dis-
play an image via a recombination between a hole supplied
from the anode 151 and an electron supplied from the cathode
153 in the organic light-emitting layer 152 to emit light. The
organic light-emitting display device 100A has sub-pixels
which are independently driven. Therefore, one above-de-
scribed thin-film transistor T and one organic light-emitting
element both are arranged at each sub-pixel region. One thin-
film transistor T in each sub-pixel region can independently
drive a corresponding organic light-emitting element.
[0056] The anode 151 is formed on the additional insulat-
ing layer 115. The anode 151 is electrically connected with
the connection member 141 via the contact-hole 143 in the
additional insulating layer 115 which is electrically con-
nected with the drain electrode 134 via the connection mem-
ber 141.

[0057] The anode 151 needs to supply a hole. Therefore, it
is formed of a conductive material having a high work func-
tion. The anode 151 includes a transparent layer having a high
work function, and the transparent layer is formed of a trans-
parent conductive oxide (TCO) such as an indium tin oxide
(ITO), and an indium zinc oxide (IZ0). Although not illus-
trated in FIG. 1A, the anode 151 may include a reflective layer
formed under the transparent layer. The anode 151 is formed
to be segmented into a plurality of pieces respectively corre-
sponding to sub-pixel regions. That is, each anode 151 is
electrically connected to each the thin-film transistor T, and,
thus, each sub-pixel region can be independently driven.
[0058] The upper auxiliary wiring 160 is formed on the
same plane with the anode 151. The upper auxiliary wiring
160 is formed of a conductive material so as to electrically
connect the cathode 153 with the lower auxiliary wiring 142.
[0059] The upper auxiliary wiring 160 may be formed in
the same process at the same time as the anode 151. In this
case, the upper auxiliary wiring 160 is formed of the same
material with the same thickness at the same time as the anode
151. As described above, when the anode 151 is formed ofthe
transparent layer and the reflective layer, the upper auxiliary
wiring 160 may be formed of a transparent layer and a reflec-
tive layer.

[0060] An extended end of the upper auxiliary wiring 160 is
electrically connected with the voltage supply pad unit pro-
vided at the non-display region. Thus, the upper auxiliary
wiring 160 receives a preset voltage. The preset voltage may
be the same voltage as that of the cathode 153, for example, a
ground (GND) or negative voltage. When the upper auxiliary
wiring 160 is formed, it is possible to minimize damage
which may occur to the lower auxiliary wiring 142 by an
etchant when the anode 151 is patterned.

[0061] An area of the upper auxiliary wiring 160 can be
determined depending on an area of the anode 151. Since the
upper auxiliary wiring 160 is formed on the same plane with
the anode 151, there is a trade-off relationship between an
area of the upper auxiliary wiring 160 and an area of the
light-emitting area EA of the organic light-emitting element.
Therefore, when an area of the upper auxiliary wiring 160 is
minimized, an area of the light-emitting area EA can be
increased. Thus, the upper auxiliary wiring 160 can be formed
at a minimum space where the separation wall 118 can be
formed. For example, the upper auxiliary wiring 160 may be
formed at a minimum space in a polygonal shape so as to
connect the cathode 153 with the lower auxiliary wiring 142.
When the upper auxiliary wiring 160 is formed only at a
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partial region and cannot be connected with a voltage supply
pad unit, the lower auxiliary wiring 142 may be directly
connected with the voltage supply pad unit and thus may be
applied with a preset voltage which is the same voltage as that
of the cathode 153.

[0062] The bank layers 116 and 117 are formed on both
sides of the upper auxiliary wiring 160. The bank layer 116
covers one side of the upper auxiliary wiring 160 and one side
of the anode 151 in the light-emitting area EA. The bank layer
117 covers the other side of the upper auxiliary wiring 160.
[0063] Thebanklayers 116,117, and 119 may be formed of
an organic insulating material, for example, any one of poly-
imide. photo acryl, and benzocyclobutene (BCB). The bank
layers 116, 117, and 119 may be formed in a tapered shape.
Hereinafter, a tapered shape refers to a shape gradually
decreasing in cross-sectional area farther away from the sub-
strate 110. On the contrary to this, a reverse tapered shape
refers to a shape gradually increasing in cross-sectional area
farther away from the substrate 110.

[0064] When the bank layers 116, 117, and 119 are formed
in a tapered shape, the bank layers 116, 117, and 119 are
formed of a photoresist. The bank layers 116,117, and 119 are
formed to a height for distinguishing the adjacent light-emit-
ting area EA.

[0065] The bank layer 119 is formed so as to cover the
contact-hole 143 through which the anode 151 is connected
with the connection member 141. Although not illustrated in
FIG. 1A, a region of the anode 151 corresponding to the
contact-hole 143 may have a stepped portion. The stepped
portion of the anode 151 caused by the contact-hole 143 may
cause light leakage of sub-pixels or the like. Since the bank
layer 119 is formed so as to cover the contact-hole 143,
visibility of the organic light-emitting display device 100A
can be improved. Further, the bank layer 119 is formed so as
to cover a part of the lower auxiliary wiring 142. When the
bank layer 119 covers a part of the lower auxiliary wiring 142,
it is formed so as to cover a stepped portion of the anode 151
caused by a stepped portion of the additional insulating layer
115. Therefore, it is possible to minimize light leakage or the
like.

[0066] The separation wall 118 is formed on the upper
auxiliary wiring 160. The separation wall 118 is formed so as
to sever the organic light-emitting layer 152. The separation
wall 118 is formed in a reverse tapered shape. Referring to
FIG. 1A, a lower surface of the separation wall 118 is in
contact with a portion of the upper auxiliary wiring 160. A
cross-sectional area of the separation wall 118 is gradually
increased farther away from the upper auxiliary wiring 160,
and, thus, an area of an upper surface of the separation wall
118 may be greater than an area of a lower surface of the
separation wall 118. The separation wall 118 may be formed
higher than the bank layers 116 and 117 and may be formed
with a height of, for example, about 1 pm to about 2.5 pm.
When the separation wall 118 is formed higher than the bank
layers 116 and 117, it may become easier to form the sepa-
ration wall 118 in a reverse tapered shape.

[0067] The organic light-emitting layer 152 is formed on
the anode 151, the bank layers 116, 117, and 119, and the
separation wall 118. The organic light-emitting layer 152 is
formed in the light-emitting area EA. Since the organic light-
emitting layer 152 is formed on the anode 151 on the substan-
tially planar lower auxiliary wiring 142, it is substantially
planar. To be specific, the organic light-emitting layer 152
may be formed by depositing an organic light-emitting mate-

Apr. 9,2015

rial. In general, the organic light-emitting material is formed
of a material with low step coverage. Due to the low step
coverage of the organic light-emitting material, the organic
light-emitting material is not formed on side surfaces of the
separation wall 118 and the bank layers 116 and 117, but
formed on upper surfaces of the separation wall 118 and the
bank layers 116 and 117. Since the organic light-emitting
layer 152 is not deposited on a portion of the upper auxiliary
wiring 160, it is possible to obtain a physical space that
enables the upper auxiliary wiring 160 and the cathode 153 to
be electrically connected.

[0068] A method for electrically connecting the cathode
153 with the upper auxiliary wiring 160 or the lower auxiliary
wiring 142 by patterning the organic light-emitting layer 152
in the organic light-emitting display device 100A is not lim-
ited. In the embodiments herein, the physical space that
enables the upper auxiliary wiring 160 or the lower auxiliary
wiring 142, and the cathode 153 to be electrically connected
is obtained by forming the separation wall 118 in a reverse
tapered shape. But a shadow mask including an FMM (Fine
Metal Mask) may be used. To be specific, the organic light-
emitting layer 152 may be formed by using the shadow mask
including the FMM having an opening corresponding to the
light-emitting area EA. Since the organic light-emitting layer
152 is not formed at a portion of the upper auxiliary wiring
160 or lower auxiliary wiring 142, the cathode 153 may be
directly and electrically connected with the upper auxiliary
wiring 160 or the lower auxiliary wiring 142 without a sepa-
ration wall 118.

[0069] Further, in order to form the organic light-emitting
layer 152 as described above, the organic light-emitting layer
152 may be formed through a photoresist process. For
example, the organic light-emitting layer 152 may be formed
through a photoresist process using a photoresist pattern
formed of a fluorine-containing material, a developing solu-
tion, and a stripper. In order to form the organic light-emitting
layer 152, a mask-free method such as LITI (Laser Induced
Thermal Imaging), LIPS (Laser Induced Pattern-wise Subli-
mation), Soluble Printing, and the like, may be used.

[0070] The cathode 153 is formed on the organic light-
emitting layer 152. The cathode 153 is connected with a
separate voltage wiring, for example, a voltage supply pad
unit, so as to apply a constant voltage to all sub-pixels. Since
the cathode 153 needs to supply electrons, it is formed of a
material having a high electrical conductivity and a low work
function. Since the organic light-emitting display device
100A is a top-emission type organic light-emitting display
device, the cathode 153 is formed of a metallic material
having a thin thickness and a low work function. For example,
the cathode 153 is formed of silver (Ag), titanium (Ti), alu-
minum (Al), molybdenum (Mo, or an alloy of silver (Ag) and
magnesium (Mg). The cathode 153 is formed to a thickness of
several hundred A (angstrom) or less, for example, 200 A or
less. When the cathode 153 is formed as such, the cathode 153
becomes a substantially electrode having transparent or semi-
transparent properties.

[0071] A resistance of the cathode 153 in the organic light-
emitting display device has a great effect on luminance uni-
formity. An increase in thickness of the cathode 153 exhibits
atrade-off, so that a resistance of the cathode 153 is reduced
or a transmittance of the cathode 153 is lowered. Therefore,
when a thickness of the cathode 153 is increased to a preset
level or more in order to lower a resistance of the cathode 153,
there is a limit due to characteristics of the top-emission type
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organic light-emitting display device 100A. In other words,
when a thickness of the cathode 153 is increased, the voltage
drop is reduced due to the decrease of the resistance of the
cathode 153, and thus luminance uniformity is improved.
But, transmittance of the organic light-emitting display
device 100A is lowered. So, in organic light-emitting display
device 100A according to the exemplary embodiment of the
present disclosure, the resistance of the cathode 153 may be
lowered by using the lower auxiliary wiring 142 electrically
connected with the cathode 153 instead of increasing a thick-
ness of the cathode 153.

[0072] Referring to FIG. 1A, since the cathode 153 is
formed of the above-described metallic material and is not
directly connected with the upper auxiliary wiring 160 due to
the separation wall 180, the transparent conductive layer 154
is additionally formed on the cathode 153. The transparent
conductive layer 154 is formed throughout the light-emitting
area EA and a region where the upper auxiliary wiring 160 is
formed. The transparent conductive layer 154 is formed of a
transparent conductive material. The transparent conductive
layer 154 is formed by depositing a transparent conductive
oxide. Since a transparent conductive oxide is formed of a
material with high step coverage, the transparent conductive
layer 154 may be formed on the side surfaces and upper
surfaces of the separation wall 118 and the bank layers 116
and 117. Therefore, the transparent conductive layer 154
electrically connects the cathode 153 with the upper auxiliary
wiring 160. The transparent conductive layer 154 should be
formed to a sufficient thickness on the side surfaces of the
separation wall 118 and the bank layers 116 and 117 for stable
electrical connection. For example, the transparent conduc-
tive layer 154 may be formed to a thickness of about 100 A or
more. Examples of the transparent conductive oxide used for
the transparent conductive layer 154 may include an indium
tin oxide (ITO), an indium zinc oxide (IZO), an indium tin
zine oxide (ITZO), a zinc oxide, a tin oxide, and the like.
[0073] However, when the cathode 153 is formed of amate-
rial with high step coverage, the cathode 153 may be directly
connected with the upper auxiliary wiring 160 through a
space between the separation wall 118 and the bank layer 116
without the transparent conductive layer 154.

[0074] FIG. 1B is a cross-sectional view of an organic
light-emitting display device according to one embodiment.
Among components of an organic light-emitting display
device 100B illustrated in FIG. 1B, some components sub-
stantially the same as those of the organic light-emitting
display device 100A illustrated in FIG. 1A will be omitted in
explanation.

[0075] FIG. 1B illustrates the organic light-emitting dis-
play device 100B in which the lower auxiliary wiring 142 is
electrically connected with the cathode 153 without the upper
auxiliary wiring 160. As described above, since there is a
trade-off relationship between the upper auxiliary wiring 160
and the anode 151, when the upper auxiliary wiring 160 is not
formed, it is possible to obtain the anode 151 having a greater
area. Therefore, the light-emitting area EA can be further
extended.

[0076] In FIG. 1B, the lower auxiliary wiring 142 is elec-
trically connected with the cathode 153 by using the separa-
tion wall 118, but a connection method is not limited thereto.
Various methods may be employed.

[0077] FIG. 1C is a cross-sectional view of an organic
light-emitting display device 100C that is a transparent
organic light-emitting display device according to one
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embodiment. Among components of a transparent organic
light-emitting display device 100C illustrated in FIG. 1C,
some components substantially the same as those of the
organic light-emitting display device 100A illustrated in FIG.
1A will be omitted in explanation.

[0078] Referring to FIG. 1C, the transparent organic light-
emitting display device 100C further includes a light-trans-
mitting area TA. The transparent organic light-emitting dis-
play device 100C has a transmittance that enables a user to at
least recognize an object behind the transparent organic light-
emitting display device 100C. For example, the transparent
organic light-emitting display device 100C has a transmit-
tance of at least 20% or more.

[0079] Thelower auxiliary wiring 142 is formed so as to be
overlapped with the light-emitting area EA. Since the lower
auxiliary wiring 142 is formed of an opaque material, it is not
formed in the light-transmitting area TA in order to increase a
transmittance of the transparent organic light-emitting dis-
play device 100C. The upper auxiliary wiring 160 may be or
may not be used. Even when used, the upper auxiliary wiring
160 may be formed at a minimum space. In the transparent
organic light-emitting display device 100C according to the
exemplary embodiment of the present disclosure, the lower
auxiliary wiring 142 is formed under the light-emitting area
EA. Therefore, it is possible to obtain the light-emitting area
EA and the light-transmitting area TA as large as possible.
[0080] Further, the organic light-emitting layer 152, the
cathode 153, and the transparent conductive layer 154 are
formed so as to be overlapped with a part of the light-trans-
mitting area TA. However, desirably, the organic light-emit-
ting layer 152, the cathode 153, or the transparent conductive
layer 154 may also be patterned so as not to be formed in the
light-transmitting area TA by various patterning methods as
described above. In this case, a transmittance of the light-
transmitting area TA may be further improved.

[0081] FIG. 2 is a plane view of an organic light-emitting
display device according to one embodiment. FIG. 2 sche-
matically illustrates a plane view of a configuration of an
organic light-emitting display device 200 according to one
embodiment. The components described herein can be
formed in various manners without limitation in arrangement
of the components illustrated in FIG. 2.

[0082] FIG. 2 illustrates a region where an anode 210 is
formed, a region where a bank layer 220 is formed, a light-
emitting area EA partitioned by the bank layer 220, a contact-
hole 230 through which the anode 210 is connected with a
thin-film transistor. FIG. 2 also illustrates an auxiliary wiring
area SA where a lower auxiliary wiring 250 is formed, and a
contact-hole 260 through which the lower auxiliary wiring
250 is connected with a cathode. The light-emitting area EA
overlaps the lower auxiliary wiring 250. The bank layer 220 is
formed so as to surround the anode 210 and also cover the
contact-hole 230 through which the anode 210 is connected
with the thin-film transistor and a part of the lower auxiliary
wiring 250.

[0083] Since the light-emitting area EA is partitioned by
the bank layer 220 formed on the anode 210, the light-emit-
ting area EA is formed at a space narrower than the region
where the anode 210 is formed. The light-emitting area EA is
formed to be included in the auxiliary wiring area SA such
that the light-emitting area EA onthe anode 210 can be planar.
[0084] Furthermore, the anode 210 is not formed in the
contact-hole 260 through which the lower auxiliary wiring
250 is in contact with the cathode. As illustrated in FIG. 1A,
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as aregion where the lower auxiliary wiring 250 is in contact
with the cathode is decreased, a region where the anode 210
can be formed is increased. Therefore, the light-emitting area
EA can be extended.

[0085] FIG.3A is a plane view of an organic light-emitting
display device according to one embodiment. A lower auxil-
iary wiring 310 (e.g., 310a, 3105, 310c, 3104, 310e, 310f)
may be formed at all sub-pixels, or may be formed at some
sub-pixels as illustrated in FIG. 3A and FIG. 3B. Since the
lower auxiliary wiring 310 is provided for the purpose of
reducing a voltage drop of an organic light-emitting element,
the lower auxiliary wiring 310 may be formed only at a
specific sub-pixel among a plurality of sub-pixels as long as
such a purpose can be achieved.

[0086] Referring to FIGS. 3A and 3B, organic light-emit-
ting display devices 300A and 300B include a plurality of
sub-pixels SP1 to SP21. The lower auxiliary wiring 310 may
be periodically arranged across the substrate.

[0087] InFIG. 3A, the lower auxiliary wiring 310 may be
periodically arranged at each nth sub-pixel (n is a natural
number) across the substrate. FIG. 3A illustrates that lower
auxiliary wirings 3106, 310¢, 310d, 310e, and 310/ are
formed at every 4th sub-pixel SP5, SP9, SP13, SP17, and
SP21 among the plurality of sub-pixels, and the lower auxil-
iary wiring 310 is not formed at the other sub-pixels. At the
other sub-pixels where the lower auxiliary wiring 310 is not
formed, there is no contact region of the lower auxiliary
wiring 310 with the cathode. Therefore, the light-emitting
area EA can be further extended. The lower auxiliary wiring
310is formed so as to be extended to a non-display region of
the organic light-emitting display device 300A and applied
with a preset voltage. Since the lower auxiliary wirings 310
are periodically arranged across the substrate, the organic
light-emitting display device 300A can be efficiently
designed.

[0088] A voltage drop in an organic light-emitting display
device may occur around the center of the display device.
This may be because a resistance of a cathode is gradually
decreased farther away from a voltage supply pad unit. There-
fore, in an organic light-emitting display device according to
one embodiment, a lower auxiliary wiring may be formed
around a region where a voltage drop remarkably occurs in
order to reduce a resistance of the cathode. For example, the
pitch of the lower auxiliary wiring placement may be nar-
rowed down towards the central portion of the organic light-
emitting display device. That is, a distance between two adja-
cent lower auxiliary wirings located in central portion of the
organic light-emitting display device 300B may be lower than
adistance between two adjacent lower auxiliary wirings posi-
tioned in a peripheral portion of the organic light-emitting
display device 300B. As shown in FIG. 3B, the lower auxil-
iary wirings 310c¢, 3104 and 310e at pixels SP9, SP11 and
SP13, respectively, are more closely placed between each
other in comparison to the placement of lower auxiliary wir-
ings 310a and 3105, or the placement of lower auxiliary
wirings 310f'and 310g. By reducing the pitch of lower auxil-
iary wiring placement towards the central portion, where the
display is more likely to be affected by voltage drop, more
efficient management of the voltage drop issue in the display
is possible. Also, concentrating the lower auxiliary wiring
placement in the central portion can reduce the voltage drop
related issue with minimal number of lower auxiliary wirings
in the organic light-emitting display device 300B.
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[0089] Inoneembodiment, lower auxiliary wirings may be
irregularly arranged across the substrate. The lower auxiliary
wirings may be irregularly arranged at each random pixel.
[0090] FIG. 3C illustrates that a plurality of sub-pixels 330
at which a lower auxiliary wiring is formed and a plurality of
sub-pixels 340 at which alower auxiliary wiring is not formed
can be randomly arranged. Lower auxiliary wirings are ran-
domly arranged at a plurality of sub-pixels of an organic
light-emitting display device 300C. At each sub-pixel, a
lower auxiliary wiring is electrically connected with a cath-
ode. In this case, the lower auxiliary wiring is electrically
connected with a voltage supply pad unit 350 and thus can be
directly applied with a preset voltage.

[0091] FIG. 4 is a flowchart of a method for manufacturing
an organic light-emitting display device according to one
embodiment. F1G. 5A to FIG. 5E are cross-sectional views of
respective processes provided for explaining a method for
manufacturing an organic light-emitting display device
according to one embodiment. Hereinafter, a method for
manufacturing an organic light-emitting display device will
be explained with reference to the flowchart of FIG. 4 and the
cross-sectional views of respective processes of FIG. 5A to
FIG. 5E.

[0092] Referring to FIG. 4, a thin-film transistor is formed
on a substrate of an organic light-emitting display device
(5100). Referring to FIG. 5A, a thin-film transistor T includ-
ing an active layer 531, a gate electrode 532, a source elec-
trode 533, and a drain electrode 534 is formed on a substrate
510.

[0093] The active layer 531 may be formed of amorphous
silicon, polycrystalline silicon, or an oxide semiconductor.
The gate insulating layer 513 is formed on the active layer
531.

[0094] The gate insulating layer 513 insulates the active
layer 531 from the gate electrode 532. The gate insulating
layer 513 is formed of, but not limited 1o, a silicon oxide layer,
a silicon nitride layer, or a double layer thereof, and may be
formed of various materials. The gate insulating layer 513 is
formed including a contact-hole through which a portion of
the active layer 531 is opened. A portion of a source region
and a portion of a drain region of the active layer 531 are
opened through the contact-hole.

[0095] The gate electrode 532 is formed on the gate insu-
lating layer 513. The gate electrode 532 is overlapped with at
least a part of the active layer 531, and particularly, with a
channel region of the active layer 531. The gate electrode 532
1s formed of, but not limited to, conductive materials, and
particularly, of low-resistance metals, alloys of metals, or
multilayers thereof, and may be formed of various materials
in various layered structures.

[0096] The inter-insulating layer 512 is formed on the gate
electrode 532. The inter-insulating layer 512 is formed of the
same material as the gate insulating layer 513 and may be
formed of, but not limited to, a silicon oxide layer, a silicon
nitride layer, or a double layer thereof, and may be formed of
various materials. The inter-insulating layer 512 is formed
including a contact-hole through which a portion of the active
layer 531 is opened. A portion of the source region and a
portion of the drain region of the active layer 531 are opened
through the contact-hole.

[0097] The source electrode 533 and the drain electrode
534 are formed on the inter-insulating layer 512. The source
electrode 533 and the drain electrode 534 are electrically
connected with the source region and the drain region, respec-
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tively, of the active layer 531 through the contact-holes
formed at the inter-insulating layer 512 and the gate insulat-
ing layer 513. The source electrode 533 and the drain elec-
trode 534 are formed of, but not limited to, conductive mate-
rials, and particularly, of low-resistance metals, alloys of
metals, or multilayers thereof, and may be formed of various
materials in various layered structures. A planarization layer
514 is formed on the thin-film transistor T, and a contact-hole
through which a portion of the drain electrode 534 is opened
is formed.

[0098] Hereinafter, a step of forming a lower auxiliary wir-
ing and a connection member on the formed thin-film tran-
sistor will be explained (S110). Referring to FIG. 5B, a con-
nection member 541 and a lower auxiliary wiring 542 are
formed on the planarization layer 514, and the connection
member 541 is electrically connected with the drain electrode
534 through the contact-hole. A region where the lower aux-
iliary wiring 542 is formed is defined as an auxiliary wiring
area SA.

[0099] Then, referring to FI1G. 4, an upper auxiliary wiring
and an anode are formed (5120). Referring to FIG. 5C, an
additional insulating layer 515 is formed on the lower auxil-
iary wiring 542 and the connection member 541, and an
anode 551 and an upper auxiliary wiring 560 are formed on
the additional insulating layer 515. The anode 551 is electri-
cally connected with the connection member 541 through a
contact-hole in the additional insulating layer 515. The upper
auxiliary wiring 560 and the anode 551 are not electrically
connected with each other and are spaced from each other.
[0100] Then, referring to FIG. 4, bank layers and a separa-
tion wall are formed (S130). Referring to FIG. 5D, bank
layers 516,517, and 519 are formed on both sides of the anode
551 and both sides of the upper auxiliary wiring 560, and a
separation wall 518 is formed on a region where the upper
auxiliary wiring 560 is exposed. The bank layers 516, 517,
and 519 may be formed in a tapered shape, and the separation
wall 518 may be formed in a reverse tapered shape. In order to
form a tapered or reverse tapered shape, a positive or nega-
tive-type photoresist may be adequately used. A light-emit-
ting area EA is defined by the bank layers 516 and 519 within
arange of the anode 551. The light-emitting area EA overlaps
the lower auxiliary wiring 542.

[0101] Further, referring to FIG. 4, an organic light-emit-
ting layer, a cathode, and a transparent conductive layer are
formed (S140). Referring to FIG. 5E, an organic light-emit-
ting layer 552, a cathode 553, and a transparent conductive
layer 554 are formed throughout a light-emitting area EA and
an auxiliary wiring area SA. The organic light-emitting layer
552 and the cathode 553 are formed by depositing an organic
light-emitting material and a cathode material above the sub-
strate 510. The cathode 553 is electrically connected to lower
auxiliary wiring 542 via the upper auxiliary wiring 560.
When the organic light-emitting material and the cathode
material are formed of materials with low step coverage, the
organic light-emitting layer 552 and the cathode 553 may not
be deposited on a portion of the upper auxiliary wiring 560
due to the separation wall 518.

[0102] Thetransparent conductive layer 554 is formed so as
to connect the upper auxiliary wiring 560 with the cathode
553. Referring to FIG. SE, the transparent conductive layer
554 is formed on the cathode 553, the upper auxiliary wiring
560, the bank layers 516 and 517, and the partition wall 518.
The transparent conductive layer 554 is formed by depositing
a transparent conductive oxide above the substrate 510. In
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general, the transparent conductive oxide is formed of a mate-
rial with high step coverage. Therefore, the transparent con-
ductive layer 554 is not severed by the separation wall 518 and
is formed so as to cover a side surface and an upper surface of
the separation wall 518. Consequently, the transparent con-
ductive layer 554 connects the cathode 553 with the upper
auxiliary wiring 560 in the auxiliary wiring area SA, thereby
electrically connecting the cathode 553 with the lower auxil-
iary wiring 542. As described above, the lower auxiliary
wiring 542 can be electrically connected with the cathode 533
by various methods in addition to the method of forming the
separation wall 518.

[0103] Hereinafter, various embodiments of the organic
light-emitting display device according to the present inven-
tion will be described.

[0104] In some embodiments, the organic light-emitting
display device further comprises an additional insulating
layer between the lower auxiliary wiring and the organic
light-emitting element.

[0105] In some embodiments, the organic light-emitting
display device further comprises an upper auxiliary wiring on
the additional insulating layer electrically connected to the
lower auxiliary wiring and the cathode.

[0106] Insome embodiments, the upper auxiliary wiring is
on the same plane with the anode.

[0107] In some embodiments, the organic light-emitting
display device further comprises a connection member on the
planarization layer electrically connected to the thin-film
transistor and the anode.

[0108] Insomeembodiments, the connection member is on
the same plane with the lower auxiliary wiring.

[0109] In some embodiments, the organic light-emitting
display device includes a light-emitting area that overlaps
with the lower auxiliary wiring.

[0110] In some embodiments, the organic light-emitting
display device further comprises bank layers on the anode
defining the light-emitting area.

[0111] In some embodiments, the thin-film transistor is
electrically connected to the anode via a contact-hole of the
planarization layer, and the one of the bank layers covers the
contact-hole.

[0112] Insome embodiments, the lower auxiliary wiring is
not formed in a light-transmitting area.

[0113] In some embodiments, the organic light-emitting
element emits light through the cathode.

[0114] In some embodiments, the organic light-emitting
display device further comprises a transparent conductive
layer on the cathode, the transparent conductive layer being in
contact with the lower auxiliary wiring and the cathode.

[0115] Insome embodiments, the lower auxiliary wiring is
on a top surface of the planarization layer such that the lower
auxiliary wiring is planar.

[0116] According to one embodiment, there is provided an
organic light-emitting display device. The organic light-emit-
ting display device comprises a thin-film transistor on a sub-
strate, a planarization layer on the thin-film transistor, an
organic light-emitting element on the planarization layer, and
an auxiliary wiring between the planarization layer and the
anode of organic light-emitting element. The organic light-
emitting element includes an anode, an organic light-emitting
layer, and a cathode and the auxiliary wiring being electri-
cally connected to the cathode. The planarization layer has a
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thickness such that a parasitic capacitance between the thin-
film transistor and the auxiliary wiring is 0.1 fF or less per unit
area.

[0117] In some embodiments, the auxiliary wiring is con-
figured to allow the parasitic capacitance generated between
the auxiliary wiring and the thin-film transistor to be lower
than a parasitic capacitance of a structure having the auxiliary
wiring formed under the top surface of the planarization layer.
[0118] According to one embodiment, there is provided an
organic light-emitting display device. The organic light-emit-
ting display device comprises a planarization layer on a sub-
strate, an organic light-emitting element on the planarization
layer, and

[0119] an auxiliary wiring between the planarization layer
and the organic light-emitting element. The auxiliary wirings
are periodically arranged across the substrate.

[0120] In some embodiments, the auxiliary wirings are
periodically arranged such that the auxiliary wirings are dis-
posed in each nth pixel, where n is an integer equal or larger
than 1.

[0121] Insomeembodiments, a distance between two adja-
cent lower auxiliary wirings located in central portion of the
organic light-emitting display is lower than a distance
between two adjacent lower auxiliary wirings positioned in a
peripheral portion of the organic light-emitting display
device.

[0122] According to one embodiment, there is provided a
method for manufacturing an organic light-emitting display
device. The method for manufacturing an organic light-emit-
ting display device comprises forming a thin-film transistor
on a substrate, forming a planarization layer on the thin-film
transistor, forming a lower auxiliary wiring on the planariza-
tion layer, forming an additional insulating layer on the lower
auxiliary wiring, forming an anode on the additional insulat-
ing layer, forming bank layers on the anode, the bank layers
defining a light-emitting area that overlaps the lower auxiliary
wiring, and forming an organic light-emitting layer and a
cathode on the anode.

[0123] Insome embodiments, a method for manufacturing
an organic light-emitting display device further comprises
forming an upper auxiliary wiring electrically connecting the
lower auxiliary wiring and the cathode, wherein the upper
auxiliary wiring is formed simultaneously with the anode.

[0124] Insome embodiments, a method for manufacturing
an organic light-emitting display device further comprises
forming a connection member electrically connecting a
source or a drain electrode of the thin-film transistor and
anode, wherein the connection member is formed simulta-
neously with the lower auxiliary wiring.

[0125] The present disclosure has been described in more
detail with reference to the exemplary embodiments, but the
present disclosure is not limited to the exemplary embodi-
ments. It will be apparent to those skilled in the art that
various modifications can be made without departing from
the technical sprit of the invention. Accordingly, the exem-
plary embodiments disclosed in the present disclosure are
used not to limit but to describe the technical spirit of the
present disclosure, and the technical spirit of the present
disclosure is not limited to the exemplary embodiments.
Therefore, the exemplary embodiments described above are
considered in all respects to be illustrative and not restrictive.
The protection scope of the present disclosure must be inter-
preted by the appended claims and it should be interpreted
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that all technical spirits within a scope equivalent thereto are
included in the appended claims of the present disclosure.

What is claimed is:

1. An organic light-emitting display device comprising:

a thin-film transistor formed on a substrate;

a planarization layer on the thin-film transistor;

an organic light-emitting element on the planarization
layer, the organic light-emitting element including an
anode, an organic light-emitting layer, and a cathode;
and

a lower auxiliary wiring electrically connected to the
cathode, wherein the lower auxiliary wiring is dis-
posed between the organic light-emitting element and
the planarization layer.

2. The organic light-emitting display device according to
claim 1, further comprising;

an additional insulating layer between the lower auxiliary
wiring and the organic light-emitting element.

3. The organic light-emitting display device according to

claim 2, further comprising:

an upper auxiliary wiring on the additional insulating layer
electrically connected to the lower auxiliary wiring and
the cathode.

4. The organic light-emitting display device according to
claim 3, wherein the upper auxiliary wiring is on a same plane
with the anode.

5. The organic light-emitting display device according to
claim 1, further comprising;

a connection member on the planarization layer electri-

cally connected to the thin-film transistor and the anode.

6. The organic light-emitting display device according to
claim 5, wherein the connection member is on a same plane
with the lower auxiliary wiring.

7. The organic light-emitting display device according to
claim 1, wherein the organic light-emitting display device
includes a light-emitting area that overlaps with the lower
auxiliary wiring.

8. The organic light-emitting display device according to
claim 7, further comprising;

bank layers on the anode defining the light-emitting area.

9. The organic light-emitting display device according to
claim 8, wherein the thin-film transistor is electrically con-
nected to the anode via a contact-hole of the planarization
layer, and one of the bank layers covers the contact-hole.

10. The organic light-emitting display device according to
claim 7, wherein the lower auxiliary wiring is not formed in a
light-transmitting area.

11. The organic light-emitting display device according to
claim 1, wherein the organic light-emitting element emits
light through the cathode.

12. The organic light-emitting display device according to
claim 1, further comprising;

a transparent conductive layer on the cathode, the transpar-
ent conductive layer being in contact with the lower
auxiliary wiring and the cathode.

13. The organic light-emitting display device according to
claim 1, wherein the lower auxiliary wiring is on a top surface
of the planarization layer such that the lower auxiliary wiring
is planar.

14. An organic light-emitting display device comprising:

a thin-film transistor on a substrate;

a planarization layer on the thin-film transistor;
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an organic light-emitting element on the planarization
layer, the organic light-emitting element including an
anode, an organic light-emitting layer, and a cathode;
and

an auxiliary wiring between the planarization layer and the

anode of organic light-emitting element, the auxiliary
wiring being electrically connected to the cathode,

wherein the planarization layer has a thickness such that a

parasitic capacitance between the thin-film transistor
and the auxiliary wiring is 0.1 {F or less per unit area.

15. The organic light-emitting display device according to
claim 14, wherein the auxiliary wiring is configured to allow
the parasitic capacitance generated between the auxiliary wir-
ing and the thin-film transistor to be lower than a parasitic
capacitance of a structure having the auxiliary wiring formed
under the top surface of the planarization layer.

16. An organic light-emitting display device comprising:

a planarization layer on a substrate;

an organic light-emitting element on the planarization

layer; and

an auxiliary wiring between the planarization layer and the

organic light-emitting element;

wherein the auxiliary wirings are periodically arranged

across the substrate.

17. The organic light-emitting display device according to
claim 16, wherein the auxiliary wirings are periodically
arranged such that the auxiliary wirings are disposed in each
nth pixel, where 1 is an integer equal or larger than 1.

18. The organic light-emitting display device according to
claim 16, wherein a distance between two adjacent lower
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auxiliary wirings located in a central portion of the organic
light-emitting display is lower than a distance between two
adjacent lower auxiliary wirings positioned in a peripheral
portion of the organic light-emitting display device.
19. A method for manufacturing an organic light-emitting
display device, comprising:
forming a thin-film transistor on a substrate;
forming a planarization layer on the thin-film transistor;
forming a lower auxiliary wiring on the planarization layer;
forming an additional insulating layer on the lower auxil-
iary wiring;
forming an anode on the additional insulating layer;
forming bank layers on the anode, the bank layers defining
a light-emitting area that overlaps the lower auxiliary
wiring; and
forming an organic light-emitting layer and a cathode on
the anode.
20. The method according to claim 19, further comprising;
forming an upper auxiliary wiring electrically connecting
the lower auxiliary wiring and the cathode, wherein the
upper auxiliary wiring is formed simultaneously with
the anode.
21. The method according to claim 19, further comprising:
forming a connection member electrically connecting a
source or a drain electrode of the thin-film transistor and
anode, wherein the connection member is formed simul-
taneously with the lower auxiliary wiring.

I S T T



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

RHA

IPCHEKS
CPCH %5
LR

H A0 FF 3R
ShERaELE

BEX)

BNAKEREEREHES

US20150097171A1

US14/495480

REETRERAF

LG DISPLAY CO. , LTD.

LG DISPLAY CO. , LTD.

KIM BINN
LEE BUYEOL

KIM, BINN
LEE, BUYEOL

HO1L27/32 HO1L51/56 HO1L51/52

patsnap

~E)R 2015-04-09

RiEHR 2014-09-24

HO1L27/3246 HO1L27/3276 HO1L2227/323 HO1L51/5234 HO1L51/56 HO1L51/5293

1020130120123 2013-10-08 KR

US10026790

Espacenet USPTO

BREALFH-—IXELSXANENEAXETRRESEER , EREER
LHEERAE  FRESEKFE LWTENLE  EREFELLD
BNRXATHE , BRENRAEERMBAROB LT URERILK
THMFRLR BN THBIAL L EMREELE,

M\

i

TA

119 153 154

l [T 1]
12160 133 131 132 134141


https://share-analytics.zhihuiya.com/view/760b67dd-61fa-4c66-853e-586daa9ce048
https://worldwide.espacenet.com/patent/search/family/052776248/publication/US2015097171A1?q=US2015097171A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220150097171%22.PGNR.&OS=DN/20150097171&RS=DN/20150097171

