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7) ABSTRACT

An organic light-emitting diode (OLED) display and a
method of manufacturing the same are disclosed. In one
aspect, the display includes a plurality of pixel electrodes
positioned over a substrate and separate from each other, a
plurality of auxiliary wirings between the pixel electrodes, a
pixel-defining layer over the pixel electrodes except for a
central portion of the pixel electrodes and at least a portion
of each of the auxiliary wirings, an intermediate layer over
the pixel-defining layer and having a plurality of openings
formed over the portion of each of the auxiliary wirings, and
an opposite electrode positioned over the intermediate layer
and facing the pixel electrodes, the opposite electrode elec-
trically contacting the auxiliary wirings via the openings.
The auxiliary wirings extend in a first direction and separate
from each other by a first distance. The openings are aligned
in a diagonal direction crossing the first direction.
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ORGANIC LIGHT-EMITTING DIODE
DISPLAY AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Korean Pat-
ent Application No. 10-2015-0163974, filed on Nov. 23,
2013, in the Korean Intellectual Property Office, the disclo-
sure of which is incorporated herein in its entirety by
reference.

BACKGROUND

[0002] Field

[0003] The described technology generally relates to an
organic light-emitting diode display and a method of manu-
facturing the same.

[0004] Description of the Related Technology

[0005] In general, an organic light-emitting diode (OLED)
display includes a matrix of pixels each having an OLED.
The OLED includes a pixel electrode, an opposite electrode
facing the pixel electrode, and an intermediate layer between
the pixel electrode and the opposite electrode and including
an emission layer. In such an OLED display, pixel electrodes
have island shapes formed by patterning each pixel, and an
opposite electrode is provided as one body with respect to
the pixels. In typical OLED displays, a voltage (IR) drop
occurs in the opposite electrode, and thus, the pixels have
unintended brightness differences relative to each other.

SUMMARY OF CERTAIN INVENTIVE
ASPECTS

[0006] One inventive aspect relates to an OLED display
that is easy to manufacture and has high emission stability
and a method of manufacturing the OLED display that is
easy to manufacture and has high emission stability, so as to
solve problems including the problem described above.
However, this is only an example, and does not pose a
limitation on the scope of the inventive concept.

[0007] Another aspect is an OLED display that includes:
a plurality of pixel electrodes above a substrate and separate
from each other; a plurality of auxiliary wirings between the
pixel electrodes, the auxiliary witings extending in a first
direction and separate from each other by a first distance; a
pixel-defining layer on the pixel electrodes and exposing at
least a portion of the pixel electrodes that includes a central
portion of the pixel electrodes and at least a portion of the
auxiliary wirings; an intermediate layer on the pixel-defining
layer and including a plurality of openings that expose at
least a portion of each of the auxiliary wirings and are in a
diagonal direction crossing the first direction; and an oppo-
site electrode on the intermediate layer and facing the pixel
electrodes, the opposite electrode electrically contacting the
auxiliary wirings via the openings.

[0008] In the present embodiment, a portion of the inter-
mediate layer that is adjacent to the openings is transformed
by strong heat.

[0009] In the present embodiment, the auxiliary wirings
includes a first auxiliary wiring and a second auxiliary
wiring separate from the first auxiliary wiring by a second
distance, the openings may include a first opening that
exposes at least a portion of the first auxiliary wiring and a
second opening that exposes at least a portion of the second
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auxiliary wiring, and the first opening and the second
opening may shift in the diagonal direction.

[0010] In the present embodiment, the second distance is
identical to the first distance.

[0011] In the present embodiment, the second distance is
n times the first distance.

[0012] In the present embodiment, the openings further
include a third opening and a fourth opening that are most
adjacent to the first opening and the second opening respec-
tively in a second direction perpendicular to the first direc-
tion, and a shape obtained by connecting vertices of the first
opening, the second opening, the third opening, and the
fourth opening to each other may be a parallelogram.
[0013] In the present embodiment, the apparatus further
includes an emission layer between the pixel electrodes and
the opposite electrode, the emission layer corresponding to
each of the pixel electrodes.

[0014] In the present embodiment, the apparatus further
includes a plurality of sub-wirings extending in a second
direction perpendicular to the first direction.

[0015] In the present embodiment, the auxiliary wirings
and the sub-wirings are electrically connected to each other
via contact holes.

[0016] Another aspect is a method of manufacturing an
OLED display. The method includes: forming a plurality of
pixel electrodes above a substrate, the pixel electrodes being
separate from each other; forming a plurality of auxiliary
wirings between the pixel electrodes, the auxiliary wirings
extending in a first direction and separate from each other by
a first distance; forming a pixel-defining layer on the pixel
electrodes, the pixel-defining layer exposing at least a por-
tion of the pixel electrodes that includes a central portion of
the pixel electrodes and at least a portion of the auxiliary
wirings; forming an intermediate layer over the entire sur-
face of the substrate, the intermediate layer covering the
pixel-defining layer; forming a plurality of openings in the
intermediate layer that expose at least a portion of each of
the auxiliary wirings and are in a diagonal direction crossing
the first direction; and forming, on the intermediate layer, an
opposite electrode that faces the pixel electrodes, the oppo-
site electrode electrically contacting the auxiliary wirings
via the openings.

[0017] In the present embodiment, the forming of the
openings includes forming the openings by irradiating a
laser beam on the intermediate layer.

[0018] In the present embodiment, the forming of the
auxiliary wirings includes forming a first auxiliary wiring
and forming a second auxiliary wiring separate from the first
auxiliary wiring by a second distance, the forming of the
openings may include forming a first opening that exposes
at least a portion of the first auxiliary wiring and forming a
second opening that exposes at least a portion of the second
auxiliary wiring, and the first opening and the second
opening may shift in the diagonal direction.

[0019] In the present embodiment, the second distance is
identical to the first distance.

[0020] In the present embodiment, the second distance is
n times the first distance.

[0021] In the present embodiment, the forming of the
openings includes forming a third opening that is most
adjacent to the first opening in a second direction perpen-
dicular to the first direction and forming a fourth opening
that is most adjacent to the second opening in the second
direction perpendicular to the first direction, and a shape
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obtained by connecting vertices of the first opening, the
second opening, the third opening, and the fourth opening to
each other may be a parallelogram.

[0022] In the present embodiment, the method further
includes forming an emission layer between the pixel elec-
trodes and the opposite electrode, the emission layer corre-
sponding to each of the pixel electrodes.

[0023] These general and specific embodiments may be
implemented by using a system, a method, a computer
program, or a combination thereof.

[0024] An organic light-emitting diode (OLED) display
comprising: a substrate; a plurality of pixel electrodes posi-
tioned over the substrate and separate from each other; a
plurality of auxiliary wirings between the pixel electrodes,
the auxiliary wirings extending in a first direction and
separate from each other by a first distance; a pixel-defining
layer over the pixel electrodes except for a central portion of
the pixel electrodes and at least a portion of each of the
auxiliary wirings; an intermediate layer over the pixel-
defining layer and having a plurality of openings formed
over the portion of each of the auxiliary wirings, wherein the
openings are aligned in a diagonal direction crossing the first
direction; and an opposite electrode positioned over the
intermediate layer and facing the pixel electrodes, the oppo-
site electrode electrically contacting the auxiliary wirings
via the openings.

[0025] In the above display, a portion of the intermediate
layer that is adjacent to the openings is configured to be
transformed by heat.

[0026] In the above display, the auxiliary wirings com-
prise a first auxiliary wiring and a second auxiliary wiring
separate from the first auxiliary wiring by a second distance,
wherein the openings comprise a first opening formed over
at least a portion of the first auxiliary wiring and a second
opening formed over at least a portion of the second auxil-
iary wiring.

[0027] In the above display, the second distance is the
same as the first distance.

[0028] In the above display, the second distance is n times
longer than the first distance, and wherein n is a natural
number.

[0029] In the above display, the openings further comprise
a third opening and a fourth opening that are respectively
located closest to the first opening and the second opening
in a second direction crossing the first direction, wherein the
first to fourth openings have a parallelogram shape.

[0030] The above display further comprises an emission
layer between the pixel electrodes and the opposite elec-
trode.

[0031] The above display further comprises a plurality of
sub-wirings extending in a second direction crossing the first
direction.

[0032] In the above display, the auxiliary wirings and the
sub-wirings are electrically connected to each other via a
plurality of contact holes.

[0033] Another aspect is a method of manufacturing an
organic light-emitting diode (OLED) display, the method
comprising: forming a plurality of pixel electrodes over a
substrate, the pixel electrodes being separate from each
other; forming a plurality of auxiliary wirings between the
pixel electrodes, the auxiliary wirings extending in a first
direction and separate from each other by a first distance;
forming a pixel-defining layer over the pixel electrodes
except for a central portion of the pixel electrodes and at
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least a portion of each of the auxiliary wirings; forming an
intermediate layer over the entire surface of the substrate,
the intermediate layer covering the pixel-defining layer;
forming a plurality of openings in the intermediate layer that
respectively expose at least a portion of each of the auxiliary
wirings, wherein the openings are aligned in a diagonal
direction crossing the first direction; and forming an oppo-
site electrode that faces the pixel electrodes over the inter-
mediate layer, the opposite electrode electrically contacting
the auxiliary wirings via the openings.

[0034] In the above method, the forming of the openings
comprises irradiating a laser beam on the intermediate layer.

[0035] In the above method, the forming of the auxiliary
wirings comprises forming a first auxiliary wiring and
forming a second auxiliary wiring separate from the first
auxiliary wiring by a second distance, wherein the forming
of the openings comprises forming a first opening that
exposes at least a portion of the first auxiliary wiring and
forming a second opening that exposes at least a portion of
the second auxiliary wiring.

[0036] In the above method, the second distance is to the
same as the first distance.

[0037] In the above method, the second distance is n times
longer the first distance, and wherein n is a natural number.

[0038] In the above method, the forming of the openings
comprises 1) forming a third opening that is located closest
to the first opening in a second direction crossing the first
direction and ii) forming a fourth opening that is located
closest to the second opening in the second direction and
wherein the first to fourth openings have a parallelogram
shape.

[0039] The above method further comprises forming an
emission layer between the pixel electrodes and the opposite
electrode.

[0040] Another aspect is an organic light-emitting diode
(OLED) display comprising: a substrate; a plurality of pixel
electrodes formed over the substrate; a plurality of auxiliary
wirings between the pixel electrodes, the auxiliary wirings
extending in a first direction; an intermediate layer formed
over the auxiliary wirings and having a plurality of openings
formed therethrough; and an opposite electrode formed over
the intermediate layer and electrically connected to the
auxiliary wirings via the openings.

[0041] In the above display, the auxiliary wirings include
first and second auxiliary wirings adjacent to each other,
wherein the openings include first and second openings
respectively formed over the first and second auxiliary
wirings, and wherein the first and second openings are not
aligned in a second direction perpendicular to the first
direction.

[0042] In the above display, the auxiliary wirings further
include third and fourth auxiliary wirings adjacent to each
other, wherein the third and fourth auxiliary wirings are
respectively separated from the first and second auxiliary
wirings by at least two interposed auxiliary wirings, wherein
the openings further include third and fourth openings
respectively formed over the third and fourth auxiliary
wirings, and wherein the third and fourth openings are not
aligned in the second direction.

[0043] The above display further comprises a metal layer
interposed between and electrically connecting the auxiliary
wirings and the opposite electrode.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0044] FIG. 1 is a schematic plan view of an OLED
display according to an embodiment.

[0045] FIG. 2 is an enlarged view of part IT of FIG. 1.
[0046] FIG. 3 is a schematic cross-sectional view taken
along line III-I1I of FIG. 2.

[0047] FIG. 4 is a schematic plan view of an OLED
display according to an embodiment.

[0048] FIG. 5 is an enlarged view of part V of FIG. 4.
[0049] FIGS. 6, 7. 8 and 9 are schematic cross-sectional
views of a process of manufacturing an OLED display
according to an embodiment.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

[0050] As the described technology allows for various
changes and numerous embodiments, exemplary embodi-
ments will be illustrated in the drawings and described in
detail in the written description. Advantages and features of
one or more exemplary embodiments and methods of
accomplishing the same may be understood more readily by
reference to the following detailed description of the one or
more exemplary embodiments and the accompanying draw-
ings. The described technology may, however, be embodied
in many different forms and should not be construed as being
limited to the one or more exemplary embodiments set forth
herein.

[0051] Reference will now be made in detail to exemplary
embodiments, examples of which are illustrated in the
accompanying drawings. Like reference numerals in the
drawings denote like elements, and a repeated description
thereof will be omitted. The term “and/or” used herein
includes any and all combinations of one or more of the
associated listed items.

[0052] While such terms as “first” and “second” may be
used to describe various components, such components must
not be limited to the above terms. The above terms are used
only to distinguish one component from another. The sin-
gular forms “a,” “an,” and “the” used herein are intended to
include the plural forms as well, unless the context clearly
indicates otherwise.

[0053] It will be understood that the terms such as
“include,” “comprise,” and *“have” used herein specify the
presence of stated features or components, but do not
preclude the presence or addition of one or more other
features or components.

[0054] Sizes of components in the drawings may be exag-
gerated for convenience of explanation. In other words,
since sizes and thicknesses of components in the drawings
are arbitrarily illustrated for convenience of explanation,
exemplary embodiments are not limited thereto.

[0055] The x-axis, the y-axis and the z-axis are not limited
to three axes of the rectangular coordinate system and may
be interpreted in a broader sense. For example, the x-axis,
the y-axis, and the z-axis may be perpendicular to one
another or may represent different directions that are not
perpendicular to one another.

[0056] When an embodiment may be implemented differ-
ently, a specific process order may be performed differently
from the described order. For example, two consecutively
described processes may be performed substantially at the
same time or performed in an order opposite to the described
order. In this disclosure, the term “substantially” includes
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the meanings of completely, almost completely or to any
significant degree under some applications and in accor-
dance with those skilled in the art. Moreover, “formed,
disposed or positioned over” can also mean “formed, dis-
posed or positioned on.” The term “connected” includes an
electrical connection.

[0057] FIG. 1 is a schematic plan view of an OLED
display 1 according to an embodiment. FIG. 2 is an enlarged
view of part 1T of FIG. 1. FIG. 3 is a schematic cross-
sectional view taken along line III-III of FIG. 2.

[0058] Referring to FIGS. 1 to 3, the OLED display 1
includes a plurality of pixel electrodes 210 above a substrate
100, a plurality of auxiliary wirings 160a between the pixel
electrodes 210, a pixel-defining layer 180 on the pixel
electrodes 210, an intermediate layer 221 and 222 including
a plurality of openings 2304 that expose at least a portion of
a plurality of auxiliary wirings 160al to 160ar, and an
opposite electrode 230 electrically contacting the auxiliary
wirings 160al to 160ar via the openings 230a.

[0059] The substrate 100 may be formed of one or more
materials, for example, glass, metal, or plastic such as
polyethylene terephthalate (PET), polyethylene naphthalate
(PEN), or polyimide. The substrate 100 may include a
display area DA where a plurality of pixels is arranged and
a peripheral area PA surrounding the display area DA.

[0060] The pixel electrodes 210 may be in the display area
DA. The pixel electrodes 210 may be directly on the
substrate 100, or over the substrate 100 with various layers
including a thin film transistor TFT between the substrate
100 and the pixel electrodes 210. The pixel electrodes 210
may be separate from each other and arranged in a certain
direction. That is, as illustrated in FIG. 2, the pixel elec-
trodes 210 may be arranged in x and y directions to form a
matrix.

[0061] The auxiliary wirings 160a1 to 160arz may be
between the pixel electrodes 210. The auxiliary wirings
16041 to 160an are electrically connected to the opposite
electrode 230, which will be described below, and thus,
decrease an IR drop of the opposite electrode 230. The
auxiliary wirings 160a may extend in a first direction (y-axis
direction) and may be separate from each other by a first
distance d. The auxiliary wirings 160a1 to 160an may be on
the same layer as the pixel electrodes 210 or may be on the
same layer as one of the electrodes constituting the thin film
transistor TFT. In the present embodiment, as illustrated in
FIG. 3, the auxiliary wirings 160a may be on the same layer
as a source electrode 160s or a drain electrode 1604 of the
thin film transistor TFT or may be formed of the same
material as the source electrode 160s or the drain electrode
160d of the thin film transistor TFT.

[0062] The pixel-defining layer 180 may be on the pixel
electrodes 210. The pixel-defining layer 180 may expose at
least a portion of the pixel electrodes 210 that includes a
central portion of the pixel electrodes 210 and at least a
portion of the auxiliary wirings 16041 to 160an. The pixel-
defining layer 180 may include an opening that exposes at
least a portion of the pixel electrodes 210 that includes a
central portion of the pixel electrodes 210, that is, an
opening that corresponds to each sub-pixel, and thus may
define a pixel. Also, the pixel-defining layer 180 may
increase a distance between an end portion of the pixel
electrodes 210 and the opposite electrode 230 that will be
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above the pixel electrodes 210 later and thus may prevent an
arc or the like from occurring in the end portion of the pixel
electrodes 210.

[0063] The intermediate layer 221 and 222 and an emis-
sion layer 223 may be on the pixel-defining layer 180. The
intermediate layer 221 and 222 may have a single-layered or
multi-layered structure, and as illustrated in FIG. 3, may be
disposed over the entire surface of the substrate 100. That is,
unlike the emission layer 223, the intermediate layer 221 and
222 may entirely cover the top surface of the pixel-defining
layer 180. The intermediate layer 221 and 222 may include
one or more selected from a hole injection layer (HIL), a
hole transport layer (HTL), an electron transport layer
(ETL), and an electron injection layer (EIL).

[0064] The intermediate layer 221 and 222 may include a
first intermediate layer 221 and a second intermediate layer
222. In this regard, the first intermediate layer 221 may
include an opening 221, and the second intermediate layer
222 may include an opening 222'. That is, the openings 230a
illustrated in FI1G. 2 may each include the opening 221" in the
first intermediate layer 221 and the opening 222' in the
second intermediate layer 222.

[0065] The first intermediate layer 221 may have a single-
layered or multi-layered structure. For example, when the
first intermediate layer 221 is formed of a polymer, the first
intermediate layer 221 may include a single HTL, the HTL
including poly-(3,4)-ethylene-dihydroxy thiophene (PE-
DOT) or polyaniline (PANI). When the first intermediate
layer 221 is formed of a low molecular material, the first
intermediate layer 221 may include an HIL and an HTL.
[0066] The second intermediate layer 222 may be option-
ally formed. For example, when the first intermediate layer
221 and the emission layer 223 each include a polymer, the
second intermediate layer 222 may be omitted. When the
first intermediate layer 221 and the emission layer 223 each
include a low molecular material, the second intermediate
layer 222 may be formed to obtain an OLED having
excellent characteristics. In this case, the second intermedi-
ate layer 222 may have a single-layered or multi-layered
structure and may include an ETL and/or an EIL.

[0067] The intermediate layer 221 and 222 may include
the openings 230a exposing at least a portion of the auxiliary
wirings 160al to 160an. The openings 230a may be in a
diagonal direction (direction A) crossing the first direction
(y-axis direction) in which the auxiliary wirings 160a1 to
160an extend. Although it is illustrated in FIG. 2 that the
openings 230a are provided for every five pixel electrodes
210 each in width and length, the disclosure is not limited
thereto. A position in which the openings 230a are repeat-
edly formed may be changed depending on the size of a
display area (active area).

[0068] Referring to FIG. 2 again, the auxiliary wirings
16041 to 160ar include a first auxiliary wiring 16041 and a
second auxiliary wiring 16042 adjacent to the first auxiliary
wiring 160a1. The second auxiliary wiring 16042 may be
separate from the first auxiliary wiring 160a1 by a second
distance, and in this regard, the second distance may be
identical to the first distance d or may be n times the first
distance d. That is, when the second distance is identical to
the first distance d, the second auxiliary wiring 16042 may
be right next to the first auxiliary wiring 160a1. When the
second distance is n times the first distance d, the second
auxiliary wiring 16042 may not be right next to the first
auxiliary wiring 160al.
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[0069] The openings 230a may include a first opening
230a1 and a second opening 230a2. The first opening 2304l
may expose at least a portion of the first auxiliary wiring
16041, and the second opening 23042 may expose at least a
portion of the second auxiliary wiring 160a2. In this regard,
the first opening 23041 and the second opening 23042 may
be shifted in the diagonal direction (direction A). Accord-
ingly, the first opening 23041 and the second opening 230a2
shifted from the first opening 230al by a predetermined
distance may be above different auxiliary wirings from each
other, and as such a pattern is repeated, current may be
prevented from concentrating into a certain auxiliary wiring.
[0070] The openings 230a may further include a third
opening 23043 and a fourth opening 23044 in addition to the
first opening 23041 and the second opening 230a2. The third
opening 23043 may be most adjacent to the first opening
230¢a1 in a second direction (x-axis direction) perpendicular
to the first direction (y-axis direction). Similarly, the fourth
opening 23044 may be most adjacent to the second opening
23042 in the second direction (x-axis direction) perpendicu-
lar to the first direction (y-axis direction). In this regard, a
shape obtained by connecting respective vertices of the first
opening 23041, the second opening 23042, the third opening
23043, and the fourth opening 230a4 may be a parallelo-
gram. That is, when the first opening 2301 and the third
opening 230a3 are parallel to each other in the second
direction (x-axis direction), and the second opening 23042
and the fourth opening 230a4 are also parallel to each other
in the second direction (x-axis direction), the second open-
ing 23042 is shifted from the first opening 230al by a
predetermined distance in the diagonal direction (direction
A), and the fourth opening 23044 is shifted from the third
opening 23043 by a predetermined distance in the diagonal
direction (direction A).

[0071] When the first opening 230a1 and the second
opening 230¢2 are not in the diagonal direction (direction A)
but consecutively in the first direction (y-axis direction)
along a certain auxiliary wiring, for example, the first
auxiliary wiring 160al, current concentrates into the first
auxiliary wiring 160a1. This degrades the performance of an
auxiliary wiring formed to lower the IR drop of the opposite
electrode 230. Accordingly, in the OLED display 1, when
the openings 230¢a via which the auxiliary wirings 160al to
160an and the opposite electrode 230 may electrically
contact each other are formed, the openings 230a may be
shifted as much as a predetermined distance in the diagonal
direction (direction A) and thus may be above different
auxiliary wirings from each other. Accordingly, current may
be prevented from concentrating into a certain auxiliary
wiring.

[0072] Next, a cross-sectional structure of the OLED
display 1 will be mainly described in the following with
reference to FIG. 3.

[0073] The thin film transistor TFT and a capacitor CAP
may be disposed above the substrate 100, and an OLED
electrically connected to the thin film transistor TFT may be
placed above the substrate 100. The thin film transistor TFT
includes a semiconductor layer 120 formed of amorphous
silicon, polycrystalline silicon, or an organic semiconductor
material, a gate electrode 140, the source electrode 160s, and
the drain electrode 160d. A general structure of the thin film
transistor TFT will now be described.

[0074] A buffer layer 110 formed of silicon oxide, silicon
nitride, or the like may be disposed on the substrate 100 to
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planarize a surface of the substrate 100 or to prevent
impurities or the like from penetrating into the semiconduc-
tor layer 120 of the thin film transistor TFT, and the
semiconductor layer 120 may be on the buffer layer 110.
[0075] The gate electrode 140 may be disposed above the
semiconductor layer 120, and according to a signal applied
to the gate electrode 140, the source electrode 160s and the
drain electrode 1604 may be electrically connected to each
other. The gate electrode 140 may include a single layer or
layers including, for example, one or more materials
selected from aluminum (Al), platinum (Pt), palladium (Pd),
silver (Ag), magnesium (Mg), gold (Au), nickel (Ni), neo-
dymium (Nd), iridium (Ir), chromium (Cr), lithium (Li),
calcium (Ca), molybdenum (Mo), titanium (Ti), tungsten
(W), and copper (Cu) by taking into account factors such as
adhesiveness to an adjacent layer, surface smoothness of a
stacked layer, and processability.

[0076] In this regard, in order to secure insulation between
the semiconductor layer 120 and the gate electrode 140, a
gate insulation layer 130 including silicon oxide and/or
silicon nitride may be between the semiconductor layer 120
and the gate electrode 140.

[0077] An interlayer insulation layer 150 may be on the
gate electrode 140 and may include a single layer or layers
formed of a material such as silicon oxide or silicon nitride.
[0078] The source electrode 160s and the drain electrode
1604 may be on the interlayer insulation layer 150. The
source electrode 160s and the drain electrode 1604 may each
be electrically connected to the semiconductor layer 120 via
contact holes in the interlayer insulation layer 150 and the
gate insulation layer 130. The source electrode 160s and the
drain electrode 1604 may include a single layer or layers
including, for example, one or more materials selected from
aluminum (Al), platinum (Pt), palladium (Pd), silver (Ag),
magnesium (Mg), gold (Au), nickel (Ni), neodymium (Nd),
iridium (Ir), chromium (Cr), lithium (Li), calcium (Ca),
molybdenum (Mo), titanium (T1), tungsten (W), and copper
(Cu) by taking into account a factor such as conductivity.
[0079] Although not illustrated, a protective layer (not
shown) may be provided to cover the thin film transistor
TFT for protection of the thin film transistor TFT having
such a structure. The protective layer may be formed of an
inorganic material, for example, silicon oxide, silicon
nitride, or silicon oxynitride.

[0080] A planarization layer 170 may be disposed above
the substrate 100. When an OLED is above the thin film
transistor TFT, the planarization layer 170 substantially
planarizes the top surface of the thin film transistor TFT and
protects the thin film transistor TFT and various devices. The
planarization layer 170 may be formed of, for example, an
acrylic organic material or benzocyclobutene (BCB). In this
regard, as illustrated in FIG. 3, the buffer layer 110, the gate
insulation layer 130, the interlayer insulation layer 150, and
the first planarization layer 170 may be over the entire
surface of the substrate 100.

[0081] The pixel-defining layer 180 may be disposed
above the thin film transistor TFT. The pixel-defining layer
180 may be on the planarization layer 170 and may have an
opening. The pixel-defining layer 180 defines a pixel area
above the substrate 100. The pixel-defining layer 180 may
be, for example, an organic insulation layer. The organic
insulation layer may include an acrylic polymer such as
poly(methyl methacrylate) (PMMA), polystyrene (PS), a
polymer derivative containing a phenol group, an imide-
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based polymer, an aryl ether-based polymer, an amide-based
polymer, a fluorine-based polymer, a p-xylene-based poly-
mer, a vinyl alcohol-based polymer, and a mixture thereof.
[0082] The OLED may be on the pixel-defining layer 180.
The OLED may include a pixel electrode 210, the emission
layer 223, and the opposite electrode 230.

[0083] The pixel electrode 210 may be a (semi)transparent
electrode or a reflective electrode. When the pixel electrode
210 is a (semi)transparent electrode, the pixel electrode 210
may be formed of, for example, indium tin oxide (ITO),
indium zinc oxide (1Z0O), zinc oxide (ZnO), indium oxide
(In,05), indium gallium oxide (IGO), or aluminum zinc
oxide (AZO). When the pixel electrode 210 is a reflective
electrode, the pixel electrode 210 may include a reflective
layer formed of Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, and
a compound thereof, and a layer including ITO, 170, ZnQ,
In, 05, 1GO, or AZO. However, the disclosure is not limited
thereto, and the pixel electrode 210 may include various
materials. Also, a structure of the pixel electrode 210 may
differ, such as a single layer or layers.

[0084] The emission layer 223 may be in the pixel area
defined by the pixel-defining layer 180 and may be in the
middle of the first intermediate layer 221 and the second
intermediate layer 222. The first intermediate layer 221 may
include an HIL and/or an HTL between the emission layer
223 and the pixel electrode 210, and the second intermediate
layer 222 may include an ETL and/or an EIL between the
emission layer 223 and the opposite electrode 230. However,
the first and second intermediate layers 221 and 222 are not
limited thereto and may have various structures.

[0085] The opposite electrode 230 covering the first and
second intermediate layers 221 and 222 as well as the
emission layer 223 and facing the pixel electrode 210 may
be disposed over the entire surface of the substrate 100. The
opposite electrode 230 may be a (semi)transparent electrode
or a reflective electrode.

[0086] When the opposite electrode 230 is a (semi)trans-
parent electrode, the opposite electrode 230 may include a
layer including metal having a low work function, that is, Li,
Ca, LiF/Ca, LiF/Al, Al, Ag, Mg, and a compound thereof,
and a (semi)transparent conductive layer including 1TO,
170, ZnO, In,0;, or the like. When the opposite electrode
230 is a reflective electrode, the opposite electrode 230 may
include a layer including Li, Ca, LiF/Ca, LiF/Al, Al, Ag, Mg,
and a compound thereof. However, a structure and a material
of the opposite electrode 230 are not limited thereto and may
vary.

[0087] Referring to FIG. 3, an auxiliary wiring 160a may
be on the same layer as the source electrode 160s and the
drain electrode 160d. In this case, the auxiliary wiring 160a
does not necessarily have to be on the same layer as the
source electrode 160s or the drain electrode 160d. However,
when the auxiliary wiring 160a is on the same layer as the
source electrode 160s or the drain electrode 1604 relatively
thicker than other conductive layers, it may be easy to
decrease resistance applied to the auxiliary wiring 160a.
[0088] The opposite electrode 230 may electrically con-
tact the auxiliary wiring 160a via an opening 230a. Refer-
ring to FIG. 3, amaterial layer 210a may be further disposed
between a portion of the opposite electrode 230 that corre-
sponds to the opening 230a and the auxiliary wiring 160a.
The material layer 210a may include the same material as
the pixel electrode 210 and may be on the same layer as the
pixel electrode 210.
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[0089] The opposite electrode 230 may electrically con-
tact the auxiliary wiring 160a via the opening 230¢ in the
intermediate layer 221 and 222. The opening 230a may be
formed by irradiating a laser beam on the intermediate layer
221 and 222, and accordingly, a portion of the intermediate
layer 221 and 222 that is adjacent to the opening 230q in the
intermediate layer 221 and 222 may be transformed by
strong heat. For example, after the intermediate layer 221
and 222 is formed over the entire surface of the pixel-
defining layer 180, a laser bean may be irradiated around the
auxiliary wiring 160a having at least a portion exposed by
the pixel-defining layer 180, and thus, the opening 230a may
be formed.

[0090] FIG. 4 is a schematic plan view of an OLED
display 2 according to an embodiment. FIG. 5 is an enlarged
view of part V of FIG. 4.

[0091] Referring to FIGS. 4 and 5, the OLED display 2
may further include a plurality of sub-wirings 140a disposed
perpendicular to the auxiliary wirings 160a1 to 160an. The
OLED display 2 in the present embodiment is identical to
the OLED display 1 of FIGS. 1 to 3 except that the
sub-wirings 140a are additionally provided. Accordingly,
the sub-wirings 140a will be mainly described hereinafter,
and repeated descriptions thereof will be omitted.

[0092] The OLED display 2 may include the sub-wirings
140a. As illustrated in FIG. 5, the sub-wirings 140a may
extend in the second direction (x-axis direction) perpendicu-
lar to the first direction (y-axis direction). That is, the
sub-wirings 140a may cross the auxiliary wirings 160a and
thus, may form a mesh shape. The sub-wirings 140a may be
electrically connected to the auxiliary wirings 160a via
contact holes (not shown) in a position where the sub-
wirings 140a cross the auxiliary wirings 160a. Due to the
sub-wirings 140q, the amount of current passing through the
auxiliary wirings 160a may be easily dispersed. Although
not illustrated, the sub-wirings 140a¢ may be on the same
layer as one of the electrodes included in the thin film
transistor TFT. For example, in the previous embodiment of
FIG. 3, the sub-wirings 140¢ may be on the same layer as the
gate electrode 140, and accordingly, the sub-wirings 140a
may be formed of the same material as the gate electrode
140.

[0093] Although an OLED display according to one or
more embodiments has been mainly described above, the
disclosure is not limited thereto. For example, a method of
manufacturing an OLED display, according to one or more
embodiments, is within the scope of the described technol-
ogy.

[0094] FIGS. 6 to 9 are schematic cross-sectional views of
a process of manufacturing an OLED display according to
an embodiment. Although a plurality of pixels have to be
disposed in the display area DA of the substrate 100 in order
to manufacture the OLED display according to an embodi-
ment, the manufacturing process will be described with
focus on a cross-sectional structure of one pixel with refer-
ence to FIGS. 6 t0 9.

[0095] Referring to FIGS. 2 and 6, the pixel electrodes 210
that are separate from each other are disposed above the
substrate 100. Although it is illustrated in FIG. 6 that the
pixel electrode 210 is disposed on the planarization layer
170, the disclosure is not limited thereto.

[0096] Various layers may be disposed before the pixel
electrode 210 is disposed. It is illustrated in FIG. 6 that, after
the thin film transistor TFT and the capacitor CAP are
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disposed above the substrate 100, and the planarization layer
170 covering the thin film transistor TFT and the capacitor
CAP is disposed thereon, the pixel electrode 210 is disposed
on the planarization layer 170.

[0097] In this regard, before the pixel electrodes 210 are
disposed, as illustrated in FIG. 2, the auxiliary wirings
16041 to 160a» may be disposed between the pixel elec-
trodes 210 and be separate from each other by a predeter-
mined distance. The auxiliary wirings 160a1 to 160an may
extend in the first direction (y-axis direction).

[0098] Referring to FIG. 6, the auxiliary wiring 160a is
disposed on the same layer as the source electrode 160s and
the drain electrode 1604 of the thin film transistor TFT and
is formed of the same material as the source electrode 160s
and the drain electrode 1604. However, the disclosure is not
limited thereto. Any conductive layer may be used to form
the auxiliary wiring 160q, and the auxiliary wiring 160a may
be disposed on the same layer as the gate electrode 140 or
the pixel electrode 210.

[0099] Referring to FIG. 6 with FIG. 2, the formation of
the auxiliary wirings 160a1 to 160ar includes formation of
the first auxiliary wiring 160al and the second auxiliary
wiring 16042 separate from each other by the second
distance.

[0100] After the auxiliary wiring 160a is disposed, the
planarization layer 170 may be disposed on the auxiliary
wiring 160a. In this regard, the planarization layer 170 may
expose at least a portion of the auxiliary wiring 160q, and the
exposed at least a portion of the auxiliary wiring 160a may
electrically contact the opposite electrode 230. The conduc-
tive material layer 210a may be further disposed on the
portion of the auxiliary wiring 160a that is exposed by the
planarization layer 170. The material layer 210a of FIG. 6
may be disposed on the same layer as the pixel electrode
210.

[0101] Afterwards, referring to FIG. 6, the pixel-defining
layer 180 is disposed on the pixel electrode 210 so as to
expose at least a portion of the pixel electrode 210 that
includes a central portion of the pixel electrode 210. In this
regard, the pixel-defining layer 180 may expose at least a
portion of the material layer 210a. Although, in the present
embodiment, the material layer 210a is disposed on the
auxiliary wiring 160a, and the pixel-defining layer 180
exposes at least a portion of the material layer 210qa, the
disclosure is not limited thereto. The material layer 210a
may not be disposed on the auxiliary wiring 160a, and in this
case, the pixel-defining layer 180 may directly expose at
least a portion of the auxiliary wiring 160a.

[0102] Afterwards, the intermediate layer 221 and 222 and
the emission layer 223 may be over the entire surface of the
substrate 100 to cover the pixel-defining layer 180. Although
not illustrated, the intermediate layer 221 ad 222 may be
integrally formed with each other on a plurality of pixels.
For example, the first intermediate layer 221 is formed to
cover the pixel-defining layer 180 and the pixel electrode
210, and then, the emission layer 223 may be formed so as
to correspond to the pixel electrode 210. Afterwards, the
second intermediate layer 222 may be formed to cover the
emission layer 223 and the first intermediate layer 221.
[0103] For example, the first intermediate layer 221
includes an HIL and/or an HTL, and the second intermediate
layer 222 may include an ETL and/or an EIL.

[0104] Afterwards, as illustrated in FIG. 8, a portion of the
first intermediate layer 221 that is above the auxiliary wiring
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160a and a portion of the second intermediate layer 222 that
is above the auxiliary wiring 160a are removed to form the
opening 221' in the first intermediate layer 221 and the
opening 222' in the second intermediate layer 222, and thus,
at least a portion of the auxiliary wiring 160a is exposed. For
this, as illustrated in FIG. 7, a laser beam may be irradiated
on the second intermediate layer 222, and thus, the opening
221" and the opening 222' may be respectively formed in the
first intermediate layer 221 and the second intermediate
layer 222 simultaneously (or concurrently).

[0105] The openings 230a formed by using such a method
may be, as illustrated in FIG. 2, in the diagonal direction
(direction A) crossing the first direction (y-axis direction) in
which the auxiliary wirings 160al to 160an extend. The
openings 230a may be shifted as much as a predetermined
distance in the diagonal direction (direction A).

[0106] The formation of the openings 230a may include
formation of the first opening 23041 exposing at least a
portion of the first auxiliary wiring 160a1 and the second
opening 23042 exposing at least a portion of the second
auxiliary wiring 160a2. In this case, the second opening
23042 may be shifted from the first opening 2304l by a
predetermined distance. In this regard, since the first auxil-
iary wiring 160a1 and the second auxiliary wiring 16042 are
separate from each other by the second distance, the second
opening 23042 may be shifted from the first opening 230al
by the second distance. In this regard, the second distance
may be the same as the first distance d or may be n times the
first distance d. That is, when the second distance is the same
as the first distance d, the second auxiliary wiring 16042
may be right next to the first auxiliary wiring 160a1. When
the second distance is n times the first distance d, the second
auxiliary wiring 16042 may not be right next to the first
auxiliary wiring 160a1.

[0107] Referring to FIG. 2, the formation of the openings
230a may further include formation of the third opening
230a3 and the fourth opening 230a4 in addition to the first
opening 23041 and the second opening 23042. The third
opening 23043 may be most adjacent to the first opening
230a1 in the second direction (x-axis direction) perpendicu-
lar to the first direction (y-axis direction). Similarly, the
fourth opening 230¢4 may be most adjacent to the second
opening 23042 in the second direction (x-axis direction)
perpendicular to the first direction (y-axis direction). In this
regard, a shape obtained by connecting respective vertices of
the first opening 23041, the second opening 23042, the third
opening 23043, and the fourth opening 230a4 may be a
parallelogram. That is, when the first opening 23041 and the
third opening 23043 are parallel to each other in the second
direction (x-axis direction), and the second opening 23042
and the fourth opening 230a4 are also parallel to each other
in the second direction (x-axis direction), the second open-
ing 23042 is shifted from the first opening 230al by a
predetermined distance in the diagonal direction (direction
A), and the fourth opening 23044 is shifted from the third
opening 23043 by a predetermined distance in the diagonal
direction (direction A).

[0108] When the first opening 230al and the second
opening 23042 are not in the diagonal direction (direction A)
but consecutively in the first direction (y-axis direction)
along a certain auxiliary wiring, for example, the first
auxiliary wiring 160al, current concentrates into the first
auxiliary wiring 16041. This degrades the performance of an
auxiliary wiring formed to lower the IR drop of the opposite
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electrode 230. Accordingly, in the OLED display 1 accord-
ing to an embodiment, when the openings 230a via which
the auxiliary wirings 160al to 160ar and the opposite
electrode 230 may electrically contact each other are
formed, the openings 230a may be shifted as much as a
predetermined distance in the diagonal direction (direction
A) and thus may be above different auxiliary wirings from
each other. Accordingly. current may be prevented from
concentrating into a certain auxiliary wiring.

[0109] Next, as illustrated in FIG. 9, the opposite electrode
230 corresponding to the pixel electrode 210 and the aux-
iliary wiring 160a is formed so as to electrically contact the
auxiliary wiring 160a via the opening 230a. The opposite
electrode 230 may be formed as one body with respect to the
plurality of pixels to cover a display area (active area). In
this regard, the display area may refer to any area of the
entire OLED display, from which light may be emitted. For
example, the display area may refer to all areas except an
edge of the OLED display, where a controller or the like is
disposed. When there is no dead area over the entire surface
of the OLED display, the entire surface of the OLED display
may be referred to as the display area. The opposite elec-
trode 230 may contact an electrode power supply line
outside of the display area and receive an electrical signal
from the electrode power supply line.

[0110] According to at least one of the disclosed embodi-
ments, an OLED display that is easy to manufacture and has
high emission stability and a method of manufacturing the
OLED display may be provided. However, such an effect
does not pose a limitation on the scope of the described
technology.

[0111] It should be understood that embodiments
described herein should be considered in a descriptive sense
only and not for purposes of limitation. Descriptions of
features or aspects within each embodiment should typically
be considered as available for other similar features or
aspects in other embodiments.

[0112] While the inventive technology has been described
with reference to the figures, it will be understood by those
of ordinary skill in the art that various changes in form and
details may be made therein without departing from the
spirit and scope as defined by the following claims.

What is claimed is:

1. An organic light-emitting diode (OLED) display com-

prising:

a substrate;

a plurality of pixel electrodes positioned over the sub-
strate and separate from each other;

a plurality of auxiliary wirings between the pixel elec-
trodes, the auxiliary wirings extending in a first direc-
tion and separate from each other by a first distance:

a pixel-defining layer over the pixel electrodes except for
a central portion of the pixel electrodes and at least a
portion of each of the auxiliary wirings;

an intermediate layer over the pixel-defining layer and
having a plurality of openings formed over the portion
of each of the auxiliary wirings, wherein the openings
are aligned in a diagonal direction crossing the first
direction; and

an opposite electrode positioned over the intermediate
layer and facing the pixel electrodes, the opposite
electrode electrically contacting the auxiliary wirings
via the openings.
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2. The display of claim 1, wherein a portion of the
intermediate layer that is adjacent to the openings is con-
figured to be transformed by heat.
3. The display of claim 1, wherein the auxiliary wirings
comprise a first auxiliary wiring and a second auxiliary
wiring separate from the first auxiliary wiring by a second
distance, and wherein the openings comprise a first opening
formed over at least a portion of the first auxiliary wiring and
a second opening formed over at least a portion of the
second auxiliary wiring.
4. The display of claim 3, wherein the second distance is
the same as the first distance.
5. The display of claim 3, wherein the second distance is
n times longer than the first distance, and wherein n is a
natural number.
6. The display of claim 3, wherein the openings further
comprise a third opening and a fourth opening that are
respectively located closest to the first opening and the
second opening in a second direction crossing the first
direction, and wherein the first to fourth openings have a
parallelogram shape.
7. The display of claim 1, further comprising an emission
layer between the pixel electrodes and the opposite elec-
trode.
8. The display of claim 1, further comprising a plurality
of sub-wirings extending in a second direction crossing the
first direction.
9. The display of claim 8, wherein the auxiliary wirings
and the sub-wirings are electrically connected to each other
via a plurality of contact holes.
10. A method of manufacturing an organic light-emitting
diode (OLED) display, the method comprising:
forming a plurality of pixel electrodes over a substrate, the
pixel electrodes being separate from each other;

forming a plurality of auxiliary wirings between the pixel
electrodes, the auxiliary wirings extending in a first
direction and separate from each other by a first dis-
tance;
forming a pixel-defining layer over the pixel electrodes
except for a central portion of the pixel electrodes and
at least a portion of each of the auxiliary wirings;

forming an intermediate layer over the entire surface of
the substrate, the intermediate layer covering the pixel-
defining layer;
forming a plurality of openings in the intermediate layer
that respectively expose at least a portion of each of the
auxiliary wirings, wherein the openings are aligned in
a diagonal direction crossing the first direction; and

forming an opposite electrode that faces the pixel elec-
trodes over the intermediate layer, the opposite elec-
trode electrically contacting the auxiliary wirings via
the openings.

11. The method of claim 10, wherein the forming of the
openings comprises irradiating a laser beam on the interme-
diate layer.
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12. The method of claim 10, wherein the forming of the
auxiliary wirings comprises forming a first auxiliary wiring
and forming a second auxiliary wiring separate from the first
auxiliary wiring by a second distance, and wherein the
forming of the openings comprises forming a first opening
that exposes at least a portion of the first auxiliary wiring and
forming a second opening that exposes at least a portion of
the second auxiliary wiring.

13. The method of claim 12, wherein the second distance
is to the same as the first distance.

14. The method of claim 12, wherein the second distance
is n times longer the first distance, and wherein n is a natural
number.

15. The method of claim 12, wherein the forming of the
openings comprises i) forming a third opening that is located
closest to the first opening in a second direction crossing the
first direction and ii) forming a fourth opening that is located
closest to the second opening in the second direction and
wherein the first to fourth openings have a parallelogram
shape.

16. The method of claim 10, further comprising forming
an emission layer between the pixel electrodes and the
opposite electrode.

17. An organic light-emitting diode (OLED) display com-
prising:

a substrate;

a plurality of pixel electrodes formed over the substrate;

a plurality of auxiliary wirings between the pixel elec-

trodes, the auxiliary wirings extending in a first direc-
tion;

an intermediate layer formed over the auxiliary wirings

and having a plurality of openings formed there-
through; and

an opposite electrode formed over the intermediate layer

and electrically connected to the auxiliary wirings via
the openings.

18. The display of claim 17, wherein the auxiliary wirings
include first and second auxiliary wirings adjacent to each
other, wherein the openings include first and second open-
ings respectively formed over the first and second auxiliary
wirings, and wherein the first and second openings are not
aligned in a second direction perpendicular to the first
direction.

19. The display of claim 18, wherein the auxiliary wirings
further include third and fourth auxiliary wirings adjacent to
each other, wherein the third and fourth auxiliary wirings are
respectively separated from the first and second auxiliary
wirings by at least two interposed auxiliary wirings, wherein
the openings further include third and fourth openings
respectively formed over the third and fourth auxiliary
wirings, and wherein the third and fourth openings are not
aligned in the second direction.

20. The display of claim 17, further comprising a metal
layer interposed between and electrically connecting the
auxiliary wirings and the opposite electrode.
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