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An OLED device includes a substrate, a semiconductor
element on the substrate and including an active layer, a first
gate electrode on the active layer, a second gate electrode on
the first gate electrode, and source and drain electrodes, a
wiring connection structure electrically connected to the
semiconductor element and including an active layer pattern
spaced from the active layer and corresponding to a first
region, a second region, a third region between the first
region and the second region, and a fourth region, a first gate
electrode pattern overlapping the active layer pattern and
expose active pattern layer at the first region and the second
region, and a second gate electrode pattern contacting a
portion of the first gate electrode pattern in the third region,
and contacting the active layer pattern in the first region, and
a sub-pixel structure on the semiconductor element and the
wiring connection structure.
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ORGANIC LIGHT EMITTING DISPLAY
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to, and the benefit
of, Korean Patent Application No. 10-2016-0135727, filed
on Oct. 19, 2016 in the Korean Intellectual Property Office
(KIPO), the contents of which are incorporated herein in
their entirety by reference.

BACKGROUND

1. Field

[0002] Some embodiments relate generally to organic
light emitting display devices including a wiring connection
structure.

2. Description of the Related Art

[0003] A flat panel display (FPD) device is widely used as
a display device of an electronic device because the FPD
device is lightweight and thin when compared to a cathode-
ray tube (CRT) display device. Typical examples of FPD
devices include a liquid crystal display (LCD) device and an
organic light emitting display (OLED) device. Compared to
the LCD device, the OLED device has many advantages,
such as a higher luminance and a wider viewing angle. In
addition, the OLED device can be made thinner because the
OLED device does not require a backlight unit. In the OLED
device, electrons and holes are respectively injected into an
organic thin layer through a cathode and an anode, and are
then recombined in the organic thin layer to generate exci-
tons, thereby emitting light of a certain wavelength.
[0004] Recently, an ultra-high definition (UHD) OLED
device has been developed. Here, the UHD OLED device
may have a pixel area that is extremely small when com-
pared to older OLED devices. In addition, as the size of the
pixel area is reduced, the number of contact holes that are
used to connect wirings located in different layers should
also be decreased to reduce or minimize a coupling effect
between wirings in a pixel circuit.

SUMMARY

[0005] Some embodiments provide an organic light emit-
ting display device including a wiring structure.

[0006] According to some embodiments, an organic light
emitting display (OLED) device includes a substrate, a
semiconductor element on the substrate, the semiconductor
element including an active layer, a first gate electrode on
the active layer, a second gate electrode on the first gate
electrode, and source and drain electrodes above the second
gate electrode, a wiring connection structure electrically
connected to the semiconductor element, the wiring connec-
tion structure including an active layer pattern spaced from
the active layer on the substrate, the active layer pattern
corresponding to a first region, a second region spaced from
the first region, a third region between the first region and the
second region, and a fourth region, a first gate electrode
pattern overlapping the active layer pattern to expose the
first region on the active layer pattern, and defining an
opening that exposes the second region, and a second gate
electrode pattern contacting a portion of the first gate
electrode pattern in the third region, and contacting the
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active layer pattern in the first region, and a sub-pixel
structure on the semiconductor element and the wiring
connection structure.

[0007] The semiconductor element may further include a
gate insulation layer on the substrate, the active layer, and
the active layer pattern, and exposing the first region, and a
first insulating interlayer on the gate insulation layer, the first
gate electrode, and the first gate electrode pattern, and
defining a contact hole overlapping the first region and the
third region.

[0008] The first insulating interlayer may contact the gate
insulation layer in the second region via the opening of the
first gate electrode pattern.

[0009] The second gate electrode pattern may contact the
first gate electrode pattern in the third region via the contact
hole of the first insulating interlayer, and contacts the active
layer pattern in the first region.

[0010] The first insulating interlayer may cover the first
gate electrode pattern in the fourth region.

[0011] The second gate electrode pattern may extend in a
direction from the first region into the fourth region, and fills
the opening of the first gate electrode pattern, and the second
gate electrode pattern may contact the first gate electrode
pattern in the third region and in the fourth region, and may
be connected to the active layer pattern in the second region.
[0012] The first region may include a first heavily doped
region and a first lightly doped region that is adjacent the
third region, and the second region may include a second
lightly doped region that is adjacent the first lightly doped
region, a third lightly doped region that is spaced from the
second lightly doped region, and a second heavily doped
region that is between the second lightly doped region and
the third lightly doped region.

[0013] The semiconductor element may further include a
gate insulation layer on the substrate, the active layer, and
the active layer pattern, and exposing the active layer pattern
at the first region and the second region, and a first insulating
interlayer on the gate insulation layer, the first gate elec-
trode, and the first gate electrode pattern, and defining a
contact hole overlapping the first, second, third, and fourth
regions.

[0014] The first insulating interlayer may expose a portion
of the first gate electrode pattern at the fourth region.
[0015] The second gate electrode pattern may contact the
first gate electrode pattern at the third region via the contact
hole of the first insulating interlayer, and may be connected
to the active layer pattern at the first region and the second
region.

[0016] The second gate electrode pattern may be con-
nected to the first heavily doped region, the first lightly
doped region, the second lightly doped region, the second
heavily doped region, and the third lightly doped region.
[0017] The semiconductor element may further include a
gate insulation layer on the substrate, the active layer, and
the active layer pattern, and exposing the first region and a
portion of the second region, and a first insulating interlayer
on the gate insulation layer, the first gate electrode, and the
first gate electrode pattern, and defining a contact hole
overlapping the first region, the third region, and a portion
of the second region.

[0018] The gate insulation layer and the first insulating
interlayer may be located above the third lightly doped
region.
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[0019] The second gate electrode pattern may contact the
first gate electrode pattern at the third region via the contact
hole of the first insulating interlayer, and may be connected
to the first heavily doped region, the first lightly doped
region, the second lightly doped region, and the second
heavily doped region.

[0020] The first insulating interlayer may cover the first
gate electrode pattern at the fourth region.

[0021] The semiconductor element may further include a
second insulating interlayer on the second gate electrode and
the second gate electrode pattern.

[0022] The active layer pattern may be configured to
receive a gate signal, the first gate electrode pattern may be
configured to receive the gate signal through the second gate
electrode pattern, and the first gate electrode may be con-
figured to receive the gate signal through the first gate
electrode pattern.

[0023] The sub-pixel structure may include a lower elec-
trode on the semiconductor element, a light emitting layer on
the lower electrode, and an upper electrode on the light
emitting layer.

[0024] An opening of the first gate electrode pattern may
have a first width extending a first direction, and a second
width extending a second direction that is perpendicular to
the first direction, wherein the first width is greater than 0.2
micrometers, and wherein the second width is greater than
0.5 micrometers.

[0025] The active layer and the active layer pattern may
include a same material, the first gate electrode and the first
gate electrode pattern may include a same material, and the
second gate electrode and the second gate electrode pattern
may include a same material.

[0026] As the OLED device according to some embodi-
ments includes the wiring connection structure, the second
gate electrode pattern may be electrically connected to the
active layer pattern and to the first gate electrode pattern,
which are located in different layers, via one contact hole in
a pixel area of reduced size of an ultra-high definition OLED
device. Accordingly, the OLED device according to embodi-
ments may reduce the number of the contact holes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] Some embodiments can be understood in more
detail from the following description taken in conjunction
with the accompanying drawings, in which:

[0028] FIGS. 1,2, and 3 are layout diagrams illustrating a
wiring connection structure in accordance with some
embodiments;

[0029] FIG. 41is a cross-sectional view taken along the line
I-I' of FIG. 3;
[0030] FIG. 5 is a cross-sectional view illustrating an

organic light emitting display (OLED) device including a
wiring connection structure in accordance with some
embodiments;

[0031] FIGS.6,7,8,9,10,11, 12,13, 14,15, 16,17, and
18 are cross-sectional views illustrating a method of manu-
facturing an OLED device including a wiring connection
structure in accordance with some embodiments;

[0032] FIG. 19 is a layout diagram illustrating a wiring
connection structure in accordance with some embodiments;
[0033] FIG. 20 is a cross-sectional view taken along the
line II-IT' of FIG. 19;
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[0034] FIG. 21 is a layout diagram illustrating a wiring
connection structure in accordance with some embodiments;
and

[0035] FIG. 22 is a cross-sectional view taken along the
line of FIG. 21.

DETAILED DESCRIPTION

[0036] Features of the inventive concept and methods of
accomplishing the same may be understood more readily by
reference to the following detailed description of embodi-
ments and the accompanying drawings. Hereinafter,
embodiments will be described in more detail with reference
to the accompanying drawings, in which like reference
numbers refer to like elements throughout. The present
invention, however, may be embodied in various different
forms, and should not be construed as being limited to only
the illustrated embodiments herein. Rather, these embodi-
ments are provided as examples so that this disclosure will
be thorough and complete, and will fully convey the aspects
and features of the present invention to those skilled in the
art. Accordingly, processes, elements, and techniques that
are not necessary to those having ordinary skill in the art for
a complete understanding of the aspects and features of the
present invention may not be described. Unless otherwise
noted, like reference numerals denote like elements through-
out the attached drawings and the written description, and
thus, descriptions thereof will not be repeated. In the draw-
ings, the relative sizes of elements, layers, and regions may
be exaggerated for clarity.

[0037] In the following description, for the purposes of
explanation, numerous specific details are set forth to pro-
vide a thorough understanding of various embodiments. It is
apparent, however, that various embodiments may be prac-
ticed without these specific details or with one or more
equivalent arrangements. In other instances, well-known
structures and devices are shown in block diagram form in
order to avoid unnecessarily obscuring various embodi-
ments.

[0038] It will be understood that, although the terms
“first,” “second,” “third,” etc., may be used herein to
describe various elements, components, regions, layers and/
or sections, these elements, components, regions, layers
and/or sections should not be limited by these terms. These
terms are used to distinguish one element, component,
region, layer or section from another element, component,
region, layer or section. Thus, a first element, component,
region, layer or section described below could be termed a
second element, component, region, layer or section, with-
out departing from the spirit and scope of the present
invention.

[0039] Spatially relative terms, such as “beneath,”
“below,” “lower,” “under,” “above,” “upper,” and the like,
may be used herein for ease of explanation to describe one
element or feature’s relationship to another element(s) or
feature(s) as illustrated in the figures. It will be understood
that the spatially relative terms are intended to encompass
different orientations of the device in use or in operation, in
addition to the orientation depicted in the figures. For
example, if the device in the figures is turned over, elements
described as “below” or “beneath” or “under” other ele-
ments or features would then be oriented “above” the other
elements or features. Thus, the example terms “below” and
“under” can encompass both an orientation of above and
below. The device may be otherwise oriented (e.g., rotated
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90 degrees or at other orientations) and the spatially relative
descriptors used herein should be interpreted accordingly.
[0040] It will be understood that when an element, layer,
region, or component is referred to as being “on,” “con-
nected to,” or “coupled to” another element, layer, region, or
component, it can be directly on, connected to, or coupled to
the other element, layer, region, or component, or one or
more intervening elements, layers, regions, or components
may be present. In addition, it will also be understood that
when an element or layer is referred to as being “between”
two elements or layers, it can be the only element or layer
between the two elements or layers, or one or more inter-
vening elements or layers may also be present.

[0041] For the purposes of this disclosure, “at least one of
X, Y, and Z” and “at least one selected from the group
consisting of X, Y, and Z” may be construed as X only, Y
only, Z only, or any combination of two or more of X, Y, and
Z, such as, for instance, XYZ, XYY, YZ, and Z7Z. Like
numbers refer to like elements throughout. As used herein,
the term “and/or” includes any and all combinations of one
or more of the associated listed items.

[0042] In the following examples, the x-axis, the y-axis
and the z-axis are not limited to three axes of a 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.
[0043] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting of the present invention. As used herein, the
singular forms “a” and “an” are intended to include the
plural forms as well, unless the context clearly indicates
otherwise. It will be further understood that the terms
“comprises,” “comprising,” “includes,” and “including,”
when used in this specification, specify the presence of the
stated features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addition of
one or more other features, integers, steps, operations,
elements, components, and/or groups thereof. As used
herein, the term “and/or” includes any and all combinations
of one or more of the associated listed items. Expressions
such as “at least one of,” when preceding a list of elements,
modify the entire list of elements and do not modify the
individual elements of the list.

[0044] As used herein, the term “substantially,” “about,”
and similar terms are used as terms of approximation and not
as terms of degree, and are intended to account for the
inherent deviations in measured or calculated values that
would be recognized by those of ordinary skill in the art.
Further, the use of “may” when describing embodiments of
the present invention refers to “one or more embodiments of
the present invention.” As used herein, the terms “use,”
“using,” and “used” may be considered synonymous with
the terms “utilize,” “utilizing,” and “utilized,” respectively.
Also, the term “exemplary” is intended to refer to an
example or illustration.

[0045] When a certain embodiment may be implemented
differently, a specific process order may be performed dif-
ferently from the described order. For example, two con-
secutively described processes may be performed substan-
tially at the same time or performed in an order opposite to
the described order.

[0046] Also, any numerical range disclosed and/or recited
herein is intended to include all sub-ranges of the same

LEINS
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numerical precision subsumed within the recited range. For
example, a range of “1.0 to 10.0” is intended to include all
subranges between (and including) the recited minimum
value of 1.0 and the recited maximum value of 10.0, that is,
having a minimum value equal to or greater than 1.0 and a
maximum value equal to or less than 10.0, such as, for
example, 2.4 to 7.6. Any maximum numerical limitation
recited herein is intended to include all lower numerical
limitations subsumed therein, and any minimum numerical
limitation recited in this specification is intended to include
all higher numerical limitations subsumed therein. Accord-
ingly, Applicant reserves the right to amend this specifica-
tion, including the claims, to expressly recite any sub-range
subsumed within the ranges expressly recited herein. All
such ranges are intended to be inherently described in this
specification such that amending to expressly recite any such
subranges would comply with the requirements of 35 U.S.C.
§ 112(a) and 35 U.S.C. § 132(a).

[0047] Various embodiments are described herein with
reference to sectional illustrations that are schematic illus-
trations of embodiments and/or intermediate structures. As
such, variations from the shapes of the illustrations as a
result, for example, of manufacturing techniques and/or
tolerances, are to be expected. Thus, embodiments disclosed
herein should not be construed as limited to the particular
illustrated shapes of regions, but are to include deviations in
shapes that result from, for instance, manufacturing. For
example, an implanted region illustrated as a rectangle will,
typically, have rounded or curved features and/or a gradient
of implant concentration at its edges rather than a binary
change from implanted to non-implanted region. Likewise,
a buried region formed by implantation may result in some
implantation in the region between the buried region and the
surface through which the implantation takes place. Thus,
the regions illustrated in the drawings are schematic in
nature and their shapes are not intended to illustrate the
actual shape of a region of a device and are not intended to
be limiting.

[0048] The electronic or electric devices and/or any other
relevant devices or components according to embodiments
of the present invention described herein may be imple-
mented utilizing any suitable hardware, firmware (e.g. an
application-specific integrated circuit), software, or a com-
bination of software, firmware, and hardware. For example,
the various components of these devices may be formed on
one integrated circuit (IC) chip or on separate 1C chips.
Further, the various components of these devices may be
implemented on a flexible printed circuit film, a tape carrier
package (TCP), a printed circuit board (PCB), or formed on
one substrate. Further, the various components of these
devices may be a process or thread, running on one or more
processors, in one or more computing devices, executing
computer program instructions and interacting with other
system components for performing the various functional-
ities described herein. The computer program instructions
are stored in a memory which may be implemented in a
computing device using a standard memory device, such as,
for example, a random access memory (RAM). The com-
puter program instructions may also be stored in other
non-transitory computer readable media such as, for
example, a CD-ROM, flash drive, or the like. Also, a person
of skill in the art should recognize that the functionality of
various computing devices may be combined or integrated
into a single computing device, or the functionality of a
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particular computing device may be distributed across one
or more other computing devices without departing from the
spirit and scope of the exemplary embodiments of the
present invention.

[0049] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which the present invention belongs. It will be further
understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the
relevant art and/or the present specification, and should not
be interpreted in an idealized or overly formal sense, unless
expressly so defined herein.

[0050] FIGS. 1, 2, and 3 are layout diagrams illustrating a
wiring connection structure in accordance with some
embodiments. FIG. 4 is a cross-sectional view taken along
the line I-I' of FIG. 3. FIG. 5 is a cross-sectional view
illustrating an organic light emitting display (OLED) device
including a wiring connection structure in accordance with
some embodiments.

[0051] Referring to FIGS. 1,2, 3, 4, and 5, an organic light
emitting display (OLED) device 100 may include a substrate
110, a semiconductor element 250, a wiring connection
structure 300, a planarization layer 270, a pixel defining
layer 310, a sub-pixel structure 200, etc. Here, the semicon-
ductor element 250 may include an active layer 130, a gate
insulation layer 150, a first gate electrode 170, a first
insulating interlayer 190, a second gate electrode 175, a
second insulating interlayer 195, a source electrode 210, and
a drain electrode 230. The wiring connection structure 300
may include an active layer pattern 135, a first gate electrode
pattern 172, and a second gate electrode pattern 177. In
addition, the sub-pixel structure 200 may include a lower
electrode 290, a light emitting layer 330, and an upper
electrode 340.

[0052] The substrate 110 may be provided. The substrate
110 may include transparent or opaque materials. For
example, the substrate 110 may include a quartz substrate, a
synthetic quartz substrate, a calcium fluoride substrate, a
fluoride-doped quartz substrate, a sodalime glass substrate,
a non-alkali glass substrate etc. Alternatively, the substrate
110 may include a flexible transparent material, such as a
flexible transparent resin substrate (e.g., a polyimide sub-
strate). For example, the polyimide substrate may include a
first polyimide layer, a barrier film layer, a second polyimide
layer, etc. Because the polyimide substrate is relatively thin
and flexible, the polyimide substrate may be formed on a
rigid glass substrate to help support the formation of an
upper structure (e.g., the semiconductor element 250, the
wiring connection structure 300, the sub-pixel structure 200,
etc.). That is, the substrate 110 may have a structure in which
the first polyimide layer, the barrier film layer, and the
second polyimide layer are stacked on the rigid glass sub-
strate. In manufacturing the OLED device 100, after an
insulating layer (e.g., a buffer layer) is provided on the
second polyimide layer of the polyimide substrate, the upper
structure may be formed on the buffer layer. After the upper
structure is formed on the buffer layer, the rigid glass
substrate on which the polyimide substrate is formed may be
removed. It may be difficult to directly form the upper
structure on the polyimide substrate because the polyimide
substrate is relatively thin and flexible. Accordingly, the
upper structure is formed on the polyimide substrate and the
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rigid glass substrate, and then the polyimide substrate may
serve as the substrate 110 of the OLED device 100 after the
removal of the rigid glass substrate.

[0053] A buffer layer may be located on the substrate 110.
The buffer layer may be located on the entire substrate 110.
The buffer layer may reduce or prevent the diffusion of metal
atoms and/or impurities from the substrate 110 into the
semiconductor element 250 and the sub-pixel structure 200.
Additionally, the buffer layer may control a rate of heat
transfer in a crystallization process for forming the active
layer 130, thereby obtaining substantially uniformity of the
active layer 130. Furthermore, the buffer layer may improve
a surface flatness of the substrate 110 when a surface of the
substrate 110 is otherwise relatively irregular. According to
a type of the substrate 110, at least two buffer layers may be
provided on the substrate 110, or the buffer layer may be
omitted. For example, the buffer layer may include organic
materials or inorganic materials.

[0054] The active layer 130 may be located on the sub-
strate 110. For example, the active layer 130 may include an
oxide semiconductor, an inorganic semiconductor (e.g.,
amorphous silicon, polysilicon, etc.), an organic semicon-
ductor, etc. In some embodiments, the active layer 130 may
be formed of polysilicon.

[0055] The active layer pattern 135 may be spaced apart
from the active layer 130 on the substrate 110. The active
layer pattern 135 may serve as a wiring. For example, the
active layer pattern 135 may be a data signal wiring pro-
viding a data signal, a gate signal wiring providing a gate
signal, an initialization signal wiring providing an initial-
ization signal, an emission signal wiring providing an emis-
sion signal, a power supply voltage wiring providing a
power supply voltage, etc. In some embodiments, the active
layer pattern 135 may be the gate signal wiring. For
example, the active layer pattern 135 may extend in a first
direction D1, and may be electrically connected to a gate
driving unit included in the OLED device 100. A gate signal
provided from the gate driving unit may be applied to the
active layer pattern 135, and the gate signal may be provided
to the first gate electrode 170 of the semiconductor element
250 through the active layer pattern 135.

[0056] The active layer pattern 135 may have a first region
10, a second region 20, a third region 30, and a fourth region
40. Here, the third region 30 may be located between the first
region 10 and the second region 20, and the fourth region 40
may be located adjacent to the second region 20. As illus-
trated in F1G. 4, the first region 10 may include a first heavily
doped region 51 (or a first high concentration doping region
51) and a first lightly doped region 61 (or a first low
concentration doping region 61), and the second region 20
may include a second lightly doped region 62 (or a second
low concentration doping region 62), a second heavily
doped region 52 (or a second high concentration doping
region 52), and a third lightly doped region 63 (or a third low
concentration doping region 63). In some embodiments, the
active layer 130 of the semiconductor element 250 and the
active layer pattern 135 of the wiring connection structure
300 may include a lightly doped drain (LDD) region. That
is, by performing a LDD process, the active layer pattern
135 may have the first and second heavily doped regions 51
and 52 that are relatively heavily doped, and may have the
first, second, and third lightly doped regions 61, 62, and 63
that are relatively lightly doped. Here, ions doped in the
active layer pattern 135 may include boron B ions, phos-
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phorus P ions, etc. The active layer pattern 135 may be
simultaneously (or concurrently) formed using the same
material.

[0057] The gate insulation layer 150 may be located on the
substrate 110, the active layer 130, and the active layer
pattern 135. In some embodiments, the gate insulation layer
150 may cover the active layer 130 on the substrate 110, and
may extend in the first direction D1. In addition, the gate
insulation layer 150 may define a hole to expose the first
region 10 of the active layer pattern 135. For example, the
gate insulation layer 150 may sufficiently cover the active
layer 130 and the active layer pattern 135 on the substrate
110, and may have a substantially level surface without a
step around the active layer 130 and the active layer pattern
135. Alternatively, the gate insulation layer 150 may cover
the active layer 130 and the active layer pattern 135 on the
substrate 110, and may have a substantially uniform thick-
ness along a profile of the active layer 130 and the active
layer pattern 135. The gate insulation layer 150 may include
silicon compound, metal oxide, etc. For example, the gate
insulation layer 150 may include silicon oxide (SiOx),
silicon nitride (SiNx), silicon oxynitride (SiOxNy), silicon
oxycarbide (SiOxCy), silicon carbon nitride (SiCxNy), alu-
minum oxide (AlOx), aluminum nitride (AINx), tantalum
oxide (TaOx), hafnium oxide (HfOx), zirconium oxide
(ZrOx), titanium oxide (TiOx), etc.

[0058] The first gate electrode 170 may be located on the
gate insulation layer 150. The first gate electrode 170 may be
located on a portion of the gate insulation layer 150, and may
be above the active layer 130. The first gate electrode 170
may include a metal, an alloy of a metal, metal nitride,
conductive metal oxide, transparent conductive materials,
etc. These may be used alone or in a suitable combination
thereof. In some embodiments, the first gate electrode 170
may have a multi-layered structure.

[0059] The first gate electrode pattern 172 may be located
on the active layer pattern 135 and the gate insulation layer
150. In some embodiments, as illustrated in FIG. 2, the first
gate electrode pattern 172 may overlap the active layer
pattern 135, and may define a hole such that the first gate
electrode pattern 172 exposes the first region 10 of the active
layer pattern 135. In addition, the first gate electrode pattern
172 may also have an opening 182 that exposes the second
region 20, and the opening 182 may have a first width
extending in the first direction D1 and a second width
extending in a second direction D2 that is perpendicular to
the first direction D1. The first width may be greater than
about 0.2 micrometers, and the second width may be greater
than about 0.5 micrometers. For example, the opening 182
may be formed to additionally secure (e.g., obtain) the
second heavily doped region 52. When the second gate
electrode pattern 177 is connected to the active layer pattern
135 at the first region 10, a contact area of the second gate
electrode pattern 177 and the active layer pattern 135 may
not be sufficiently secured. In this case, by extending a
contact hole 187 of the first insulating interlayer 190 in the
first direction D1, the second gate electrode pattern 177 may
be further connected to the second heavily doped region 52
of the active layer pattern 135. Accordingly, the contact area
of the second gate electrode pattern 177 and the active layer
pattern 135 may be increased. That is, to secure the second
heavily doped region 52 in the second region 20, the first
width and the second width may be determined. The first
gate electrode pattern 172 may be electrically connected to
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the first gate electrode 170, and the gate signal provided
from the active layer pattern 135 may be applied to the first
gate electrode pattern 172 through the second gate electrode
pattern 177. Thus, the first gate electrode pattern 172 may
provide the gate signal to the first gate electrode 170. The
first gate electrode pattern 172 and the first gate electrode
170 may be simultaneously formed using the same material.
For example, the first gate electrode pattern 172 may include
gold (Au), silver (Ag), aluminum (Al), platinum (Pt), nickel
(Ni), titanium (Ti), palladium (Pd), magnesium (Mg), cal-
cium (Ca), lithium (Li), chrome (Cr), tantalum (Ta), tung-
sten (W), copper (Cu), molybdenum (Mo), scandium (Sc),
neodymium (Nd), iridium (Ir), an alloy of aluminum, alu-
minum nitride (AINx), an alloy of silver, tungsten nitride
(WNXx), an alloy of copper, an alloy of molybdenum, tita-
nium nitride (TiNX), chrome nitride (CrNx), tantalum nitride
(TaNx), strontium ruthenium oxide (SRO), zinc oxide
(ZnOx), indium tin oxide (ITO), stannum oxide (SnOx),
indium oxide (InOx), gallium oxide (GaOx), indium zinc
oxide (IZO), etc. These may be used alone or in a suitable
combination thereof. Alternatively, the first gate electrode
pattern 172 may have a multi-layered structure.

[0060] The first insulating interlayer 190 may be located
on the gate insulation layer 150, the first gate electrode 170,
and the first gate electrode pattern 172. In some embodi-
ments, the first insulating interlayer 190 may cover the first
gate electrode 170, and may extend in the first direction D1.
In addition, the first insulating interlayer 190 may have/
define the contact hole 187 that overlaps the first region 10
and at least a portion of the third region 30. In other words,
the first insulating interlayer 190 may expose an upper
surface of the active layer pattern 135 in the first region 10,
and may expose at least a portion of the second gate
electrode pattern 177 in the third region 30. Further, the first
insulating interlayer 190 may be in contact with the gate
insulation layer 150 located in the second region 20 of the
active layer pattern 135 via the opening 182 of the first gate
electrode pattern 172. Also, the first insulating interlayer 190
may cover the first gate electrode pattern 172 in the fourth
region 40. For example, the first insulating interlayer 190
may sufficiently cover the first gate electrode 170 and the
first gate electrode pattern 172, and may have a substantially
level surface without a step around the first gate electrode
170 and the first gate electrode pattern 172. Alternatively, the
first insulating interlayer 190 may cover the first gate
electrode 170 and the first gate electrode pattern 172, and
may have a substantially uniform thickness along a profile of
the first gate electrode 170 and the first gate electrode pattern
172. The first insulating interlayer 190 may include silicon
compound, metal oxide, etc.

[0061] The second gate electrode 175 may be located on
the first insulating interlayer 190, and may be located above
the first gate electrode 170. The second gate electrode 175
may include a metal, an alloy of a metal, metal nitride,
conductive metal oxide, transparent conductive materials,
etc. These may be used alone or in a suitable combination
thereof. Alternatively, the second gate electrode 175 may
have a multi-layered structure.

[0062] The second gate electrode pattern 177 may be
located on the first gate electrode pattern 172 and the first
insulating interlayer 190. The second gate electrode pattern
177 may contact at least a portion of the first gate electrode
pattern 172 located in the third region 30 of the active layer
pattern 135. The second gate electrode patter 177 may be
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connected to the first region 10 of the active layer pattern
135. In other words, the second gate electrode pattern 177
may be in contact with at least a portion of the first gate
electrode pattern 172 located in the third region 30 via the
contact hole 187 of the first insulating interlayer 190, and
may also be connected to the first region 10 of the active
layer pattern 135. As the second gate electrode pattern 177
is in direct contact with at least a portion of the first gate
electrode pattern 172 and with the first region 10 through the
contact hole 187, the gate signal applied to the active layer
pattern 135 may be provided to the first gate electrode
pattern 172, and the gate signal may be applied to the first
gate electrode 170 through the first gate electrode pattern
172 that is electrically connected to the first gate electrode
170.

[0063] For example, to electrically connect two wirings
located in different layers in a conventional OLED device,
a connection wiring may electrically connect the two wit-
ings located in different layers via two contact holes. In this
case, a contact area may be relatively greatly increased.
However, the OLED device 100 according to some embodi-
ments corresponds to ultra-high definition (UHD) OLED
devices, and may have a pixel area that is relatively greatly
reduced. Thus, the second gate electrode pattern 177 may be
electrically connected to the active layer pattern 135 and the
first gate electrode pattern 172 that are located in different
layers via a single contact hole 187. Accordingly, the OLED
device 100 may reduce the number of contact holes 187. In
addition, when a contact area of the second gate electrode
pattern 177 and the active layer pattern 135 is sufficiently
secured in the first region 10, the second gate electrode
pattern 177 may be connected to the second heavily doped
region 52 of the active layer pattern 135 without formation
of an additional contact hole by extending the contact hole
187 of the first insulating interlayer 190 in the first direction
D1. Accordingly, the contact area of the second gate elec-
trode pattern 177 and the active layer pattern 135 may be
relatively increased without a formation of an additional
contact hole, and a contact resistance of the second gate
electrode pattern 177 and the active layer pattern 135 may be
relatively reduced. The second gate electrode pattern 177
and the second gate electrode 175 may be formed during a
same process and using the same material. For example, the
second gate electrode pattern 177 may include a metal, an
alloy of a metal, metal nitride, conductive metal oxide,
transparent conductive materials, etc. These may be used
alone or in a suitable combination thereof. Alternatively, the
second gate electrode pattern 177 may have a multi-layered
structure. Accordingly, the wiring connection structure 300
including the active layer pattern 135, the first gate electrode
pattern 172, and the second gate electrode pattern 177 may
be formed as described.

[0064] Insome embodiments, the wiring connection struc-
ture 300 of the OLED device 100 constitutes the active layer
pattern 135, the first gate electrode pattern 172, and the
second gate electrode pattern 177, but not being limited
thereto. For example, in some embodiments, the wiring
connection structure 300 has a configuration of source and
drain electrode patterns, the active layer pattern 135, and the
first gate electrode pattern 172, or has a configuration of
source and drain electrode patterns, the active layer pattern
135, and the second gate electrode pattern 177.

[0065] The second insulating interlayer 195 may be
located on the first insulating interlayer 190, the second gate
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electrode 175, and the second gate electrode pattern 177.
The second insulating interlayer 195 may cover the second
gate electrode 175, and may extend in the first direction D1.
In addition, the second insulating interlayer 195 may cover
an entirety of the first insulating interlayer 190. For example,
the second insulating interlayer 195 may sufficiently cover
the second gate electrode 175 and the second gate electrode
pattern 177, and may have a substantially level surface
without a step around of the second gate electrode 175 and
the second gate electrode pattern 177. Alternatively, the
second insulating interlayer 195 may cover the second gate
electrode 175 and the second gate electrode pattern 177, and
may have a substantially uniform thickness along a profile of
the second gate electrode 175 and the second gate electrode
pattern 177. The second insulating interlayer 195 may
include silicon compound, metal oxide, etc.

[0066] The source electrode 210 and the drain electrode
230 may be located on the second insulating interlayer 195.
The source electrode 210 may be in direct contact with a first
side (e.g., a source region) of the active layer 130 via a
contact hole formed by removing a portion of the gate
insulation layer 150, a portion of the first insulating inter-
layer 190, and a portion of the second insulating interlayer
195. The drain electrode 230 may be in direct contact with
a second side (e.g., a drain region) of the active layer 130 via
a contact hole formed by removing another portion of the
gate insulation layer 150, another portion of the first insu-
lating interlayer 190, and another portion the second insu-
lating interlayer 195. Each of the source electrode 210 and
the drain electrode 230 may include a metal, an alloy of a
metal, metal nitride, conductive metal oxide, transparent
conductive materials, etc. These may be used alone or in a
suitable combination thereof. Alteratively, each of the
source and drain electrodes 210 and 230 may have a
multi-layered structure. Accordingly, the semiconductor ele-
ment 250 including the active layer 130, the gate insulation
layer 150, the first gate electrode 170, the first insulating
interlayer 190, the second gate electrode 175, the second
insulating interlayer 195, the source electrode 210, and the
drain electrode 230 may be formed as described.

[0067] In some embodiments, the semiconductor element
250 of the OLED device 100 has a top gate structure, but not
being limited thereto. For example, in some embodiments,
the semiconductor element 250 may have a bottom gate
structure.

[0068] The planarization layer 270 may be located on the
second insulating interlayer 195, the source electrode 210,
and the drain electrode 230. The planarization layer 270 may
cover the source electrode 210 and the drain electrode 230,
and may extend in the first direction D1. In addition, the
planarization layer 270 may be located on the entire second
insulating interlayer 195. For example, the planarization
layer 270 may be sufficiently thick to cover the second
insulating interlayer 195 and the source and drain electrodes
210 and 230. In this case, the planarization layer 270 may
have a substantially flat upper surface, and a planarization
process may be further performed on the planarization layer
270 to implement the flat upper surface of the planarization
layer 270. The planarization layer 270 may include organic
materials or inorganic materials. In some embodiments, the
planarization layer 270 may include organic materials. For
example, the planarization layer 270 may include a polyim-
ide-based resin, a photoresist, an acryl-based resin, a poly-
amide-based resin, a siloxane-based resin, etc.
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[0069] The lower electrode 290 may be located on the
planarization layer 270. The lower electrode 290 may be
located on a portion of the planarization layer 270, and may
be above the semiconductor element 250. The lower elec-
trode 290 may be in contact with the drain electrode 230 via
a contact hole formed by removing a portion of the pla-
narization layer 270. In addition, the lower electrode 290
may be electrically connected to the semiconductor element
250. For example, the lower electrode 290 may include a
metal, an alloy of a metal, metal nitride, conductive metal
oxide, transparent conductive materials, etc. These may be
used alone or in a suitable combination thereof. Alterna-
tively, the lower electrode 290 may have a multi-layered
structure.

[0070] The pixel defining layer 310 may be located on a
portion of the lower electrode 290 and the planarization
layer 270. The pixel defining layer 310 may cover both
lateral portions of the lower electrode 290, and may extend
in the first direction D1. The pixel defining layer 310 may
include organic materials or inorganic materials. In some
embodiments, the pixel defining layer 310 may include
organic materials.

[0071] The light emitting layer 330 may be located in a
portion where an upper surface of the lower electrode 290 is
exposed by the pixel defining layer 310. The light emitting
layer 330 may be formed using at least one of light emitting
materials capable of generating different colors of light (e.g.,
ared color of light, a blue color of light, and/or a green color
of light) according to sub-pixels. Alternatively, the light
emitting layer 330 may generally generate a white color of
light by stacking a plurality of light emitting materials
capable of generating different colors of light, such as a red
color of light, a green color of light, and/or a blue color of
light. In this case, a color filter may be located on the light
emitting layer 330 (e.g., to overlap the light emitting layer
330 on a lower surface of an encapsulation substrate). The
color filter may include at least one selected from a red color
filter, a green color filter, and/or a blue color filter. Alterna-
tively, the color filter may include a yellow color filter, a
cyan color filter, and/or a magenta color filter. The color
filter may include a photosensitive resin or a color photo-
resist.

[0072] The upper electrode 340 may be located on the
pixel defining layer 310 and the light emitting layer 330. The
upper electrode 340 may cover the light emitting layer 330
and the pixel defining layer 310, and may extend in the first
direction D1. In addition, the upper electrode 340 may be
located on an entirety of the pixel defining layer 310. The
upper electrode 340 may include a metal, an alloy of a metal,
metal nitride, conductive metal oxide, transparent conduc-
tive materials, etc. These may be used alone or in a suitable
combination thereof. Alternatively, the upper electrode 340
may have a multi-layered structure. Accordingly, the sub-
pixel structure 200 including the lower electrode 290, the
light emitting layer 330, and the upper electrode 340 may be
formed as described.

[0073] An encapsulation substrate may be located on the
upper electrode 340. The encapsulation substrate and the
substrate 110 may include substantially the same material.
For example, the encapsulation substrate may include a
quartz substrate, a synthetic quartz substrate, a calcium
fluoride substrate, a fluoride-doped quartz substrate, a sodal-
ime glass substrate, a non-alkali glass substrate, etc. In some
embodiments, the encapsulation substrate may include a
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transparent inorganic material or flexible plastic. For
example, the encapsulation substrate may include a flexible
transparent resin substrate. In this case, to increase flexibility
of the OLED device 100, the encapsulation substrate may
include a stacked structure where at least one inorganic layer
and at least one organic layer are alternately stacked.
[0074] As the OLED device 100 according to some
embodiments includes the wiring connection structure 300,
the second gate electrode pattern 177 may be electrically
connected to the active layer pattern 135 and the first gate
electrode pattern 172, which are located in different layers,
via a single contact hole 187 in a pixel area having a size that
is relatively greatly reduced of the UHD OLED device 100.
Accordingly, the OLED device 100 may reduce the number
of the contact holes.

[0075] FIGS.6,7,8,9,10,11, 12,13, 14, 15,16, 17 and
18 are cross-sectional views illustrating a method of manu-
facturing an OLED device including a wiring connection
structure in accordance with some embodiments.

[0076] Referring to FIG. 6, a substrate 110 may be pro-
vided. The substrate 110 may include transparent or opaque
materials. For example, the substrate 110 may be formed
using a quartz substrate, a synthetic quartz substrate, a
calcium fluoride substrate, a fluoride-doped quartz substrate,
a sodalime glass substrate, a non-alkali glass substrate etc.
[0077] A buffer layer may be formed on the substrate 110.
The buffer layer may be formed on the entire substrate 110.
The buffer layer may reduce or prevent the diffusion of metal
atoms and/or impurities from the substrate 110 into a semi-
conductor element and a sub-pixel structure. Additionally,
the buffer layer may control a rate of heat transfer in a
crystallization process for forming an active layer, thereby
obtaining a substantially uniform the active layer. Further-
more, the buffer layer may improve a surface flatness of the
substrate 110 when a surface of the substrate 110 is relatively
irregular. According to a type of the substrate 110, at least
two buffer layers may be provided on the substrate 110, or
the buffer layer may be omitted. For example, the buffer
layer may be formed using organic materials or inorganic
materials.

[0078] An active layer 130 and an active layer pattern 135
may be formed on the substrate 110. For example, after a
preliminary active layer is formed on the entire substrate
110, the active layer 130 and the active layer pattern 135
may be formed by partially removing the preliminary active
layer. That is, the active layer pattern 135 and the active
layer 130 may be formed during a same process (e.g.,
simultaneously formed) using the same material. The active
layer pattern 135 may be spaced apart from the active layer
130 on the substrate 110. The active layer pattern 135 may
serve as a wiring. For example, the active layer pattern 135
may be a data signal wiring providing a data signal, a gate
signal wiring providing a gate signal, an initialization signal
wiring providing an initialization signal, an emission signal
wiring providing an emission signal, a power supply voltage
wiring providing a power supply voltage, etc. In some
embodiments, the active layer pattern 135 may be the gate
signal wiring. For example, the active layer pattern 135 may
extend in a first direction D1, and may be electrically
connected to a gate driving unit included in an OLED
device. A gate signal provided from the gate driving unit
may be applied to the active layer pattern 135, and the gate
signal may be provided to the first gate electrode of the
semiconductor element, which will be described below,
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through the active layer pattern 135. The active layer pattern
135 may have a first region 10, a second region 20, a third
region 30, and a fourth region 40. Here, the third region 30
may be located between the first region 10 and the second
region 20, and the fourth region 40 may be located adjacent
to the second region 20. The active layer 130 and the active
layer pattern 135 may include an oxide semiconductor, an
inorganic semiconductor, an organic semiconductor, etc. In
some embodiments, each of the active layer 130 and the
active layer pattern 135 may be formed using polysilicon.

[0079] A preliminary gate insulation layer 152 may be
formed on the substrate 110, the active layer 130, and the
active layer pattern 135. In some embodiments, the prelimi-
nary gate insulation layer 152 may cover the active layer 130
on the substrate 110, and may extend in a first direction D1.
In addition, the preliminary gate insulation layer 152 may be
formed on the entire substrate 110. For example, the pre-
liminary gate insulation layer 152 may sufficiently cover the
active layer 130 and the active layer pattern 135, and may
have a substantially level surface without a step around the
active layer 130 and the active layer pattern 135. Alterna-
tively, the preliminary gate insulation layer 152 may cover
the active layer 130 and the active layer pattern 135 on the
substrate 110, and may be formed to have substantially
uniform thickness along a profile of the active layer 130 and
the active layer pattern 135. The preliminary gate insulation
layer 152 may include silicon compound, metal oxide, etc.
For example, the preliminary gate insulation layer 152 may
be formed using SiOx, SiNx, SiOxNy, SiOxCy, SiCxNy,
AlOx, AINx, TaOx, HfOx, ZrOx, TiOx, etc.

[0080] Referring to FIG. 7, a preliminary gate electrode
layer 174 may be formed on the preliminary gate insulation
layer 152. The preliminary gate electrode layer 174 may
extend in the first direction D1 on the preliminary gate
insulation layer 152, and may be formed on the entire
preliminary gate insulation layer 152. The preliminary gate
electrode layer 174 may be formed using Au, Ag, Al, Pt, Ni,
Ti, Pd, Mg, Ca, Li, Cr, Ta, W, Cu, Mo, Sc, Nd, Ir, an alloy
of aluminum, AINX, an alloy of silver, WNx, an alloy of
copper, an alloy of molybdenum, TiNx, CrNx, TaNx, SRO,
Zn0x, ITO, SnOx, InOx, GaOx, IZ0, etc. These may be
used alone or in a suitable combination thereof. Alterna-
tively, the preliminary gate electrode layer 174 may have a
multi-layered structure.

[0081] Referring to FIG. 8, first, second, and third photo-
resists 510, 530, and 550 may be formed on the preliminary
gate electrode layer 174. For example, the first photoresist
510 may be formed on the active layer 130, and the second
photoresist 530 may be formed on the third region 30, on a
portion of the first region 10, and on a portion of the second
region 20. In addition, the third photoresist 550 may be
formed on the fourth region 40 and on a portion of the
second region 20. After the first, second, and third photo-
resists 510, 530, and 550 are formed, the preliminary gate
electrode layer 174 may be partially removed using the first,
second, and third photoresists 510, 530, and 550 as a mask
(e.g., a first dry etching process). For example, a selective
etching process may be performed in the preliminary gate
electrode layer 174.

[0082] Referring to FIG. 9, after the selective etching
process is performed in the preliminary first gate electrode
layer 174, a preliminary first gate electrode 171 may be
formed on the active layer 130, and a preliminary first gate
electrode pattern 173 may be formed on the active layer
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pattern 135. After the preliminary first gate electrode 171
and the preliminary first gate electrode pattern 173 are
formed, a high concentration ion doping n+ may be per-
formed on/over the entire substrate 110. As illustrated in
FIG. 4, after the high concentration ion doping n+ is
performed. a first heavily doped region 51 may be formed in
the first region 10 of the active layer pattern 135, and a
second heavily doped region 52 may be formed in the
second region 20 of the active layer pattern 135. In other
words, because a first lightly doped region 61, a second
lightly doped region 62, and a third lightly doped region 63
overlap the preliminary first gate electrode pattern 173, the
high concentration ion may not be doped in those regions.
Here, the ions may be formed using boron B ions, phos-
phorus P ions, etc. Meanwhile, while the first dry etching
process is performed, a size of the first, second, and third
photoresists 510, 530, and 550 each may be relatively
reduced (as compared to a size of the first, second, and third
photoresists 510, 530, and 550 before the first dry etching
process). Here, the first, second, and third photoresists 510,
530, and 550 that have a reduced size may be defined as first,
second, and third photoresists 511, 531, and 551, respec-
tively (see FIG. 10).

[0083] Referring to FIG. 10, the preliminary first gate
electrode 171 and the preliminary gate electrode layer 174
may be partially removed using the first, second, and third
photoresists 511, 531, and 551 as a mask (e.g., a second dry
etching process).

[0084] Referring to FIG. 11, a first gate electrode 170 on
the active layer 130 and a first gate electrode pattern 172 on
the active layer pattern 135 may be formed after a selective
etching process is performed on the preliminary first gate
electrode 171 and the preliminary gate electrode layer 174.
In addition, an opening 182 that exposes the second region
20 may be formed in the first gate electrode pattern 172.
[0085] The first gate electrode pattern 172 may be formed
to overlap the active layer pattern 135 such that the first gate
electrode pattern 172 exposes the first region 10 of the active
layer pattern 135. In addition, the first gate electrode pattern
172 may have an opening 182 that exposes the second region
20. The opening 182 may be formed to additionally secure
the second heavily doped region 52. When a second gate
electrode pattern, which will be described below, is con-
nected to the first region 10 of the active layer pattern 135,
a contact area of the second gate electrode pattern and the
active layer pattern 135 may not be sufficiently secured. In
this case, by extending a contact hole of the first insulating
interlayer, which will be described below, in the first direc-
tion D1, the second gate electrode pattern may be addition-
ally connected to the second heavily doped region 52 of the
active layer pattern 135 without a formation of an additional
contact hole (e.g., see FIG. 20). Accordingly, the contact
area of the second gate electrode pattern and the active layer
pattern 135 may be increased without a formation of an
additional contact hole.

[0086] As described above, the first gate electrode pattern
172 and the first gate electrode 170 may be simultaneously
formed using the same material.

[0087] Referring to FIG. 12, after the first gate electrode
170 and the first gate electrode pattern 172 are formed, a low
concentration ion doping n- may be performed on/over the
entire substrate 110. As illustrated in FIG. 4, after the low
concentration ion doping n- is performed, the first lightly
doped region 61 may be formed in the first region 10 of the
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active layer pattern 135, and the second lightly doped region
62 and the third lightly doped region 63 may be formed in
the second region 20 of the active layer pattern 135. In
addition, a heavily doped region and a lightly doped region
may be formed in the active layer 130. In other words, the
active layer 130 and the active layer pattern 135 may have
a LDD region.

[0088] A preliminary first insulating interlayer 192 may be
formed on the preliminary gate insulation layer 152, the first
gate electrode 170, and the first gate electrode pattern 172.
In some embodiments, the preliminary first insulating inter-
layer 192 may cover the first gate electrode 170 and the first
gate electrode pattern 172 on the preliminary gate insulation
layer 152, and may be formed on the entire preliminary gate
insulation layer 152. For example, the preliminary first
insulating interlayer 192 may sufliciently cover the first gate
electrode 170 and the first gate electrode pattern 172, and
may have a substantially level surface without a step around
the first gate electrode 170 and the first gate electrode pattern
172. Alternatively, the preliminary first insulating interlayer
192 may cover the first gate electrode 170 and the first gate
electrode pattern 172, and may have a substantially uniform
thickness along a profile of the first gate electrode 170 and
the first gate electrode pattern 172. The first insulating
interlayer 190 may include silicon compound, metal oxide,
etc. The preliminary first insulating interlayer 192 may be
formed using silicon compound, metal oxide, etc.

[0089] Referring to FIG. 14, a contact hole 187 that
overlaps the first region 10 and at least a portion of the third
region 30 may be formed. As the contact hole 187 is formed,
a gate insulation layer 150 and a first insulating interlayer
190 may be formed. In other words, the first insulating
interlayer 190 and the gate insulation layer 150 may expose
an upper surface of the active layer pattern 135 in the first
region 10, and the first insulating interlayer 190 may expose
at least a portion of the second gate electrode pattern 177 in
the third region 30. In addition, the first insulating interlayer
190 may be in contact with the gate insulation layer 150 in
the second region 20 via the opening 182 of the first gate
electrode pattern 172, and the first insulating interlayer 190
may cover the first gate electrode pattern 172 in the fourth
region 40.

[0090] Referring to FIG. 15, a second gate electrode 175
may be formed on the first insulating interlayer 190, and
may be located on a portion of the first insulating interlayer
190 under which the first gate electrode 170 is formed. In
addition, a second gate electrode pattern 177 may be formed
on the first gate electrode pattern 172 and the first insulating
interlayer 190. For example, a preliminary second gate
electrode layer may be formed on the entire substrate 110,
and the second gate electrode 175 and the second gate
electrode pattern 177 may be formed by partially removing
the preliminary second gate electrode layer after the pre-
liminary second gate electrode layer is formed. That is, the
second gate electrode 175 and the second gate electrode
pattern 177 may be formed during a same process (e.g.,
simultaneously formed) using the same material.

[0091] The second gate electrode pattern 177 may be in
contact with at least a portion of the first gate electrode
pattern 172 in the third region 30 of the active layer pattern
135, and may be connected to the first region 10 of the active
layer pattern 135. In other words, the second gate electrode
pattern 177 may be in contact with at least a portion of the
first gate electrode pattern 172 formed in the third region 30
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via the contact hole 187 of the first insulating interlayer 190,
and may be connected to the first region 10 of the active
layer pattern 135. As the second gate electrode pattern 177
is in direct contact with at least a portion of the first gate
electrode pattern 172 and the first region 10 through the
contact hole 187, a gate signal applied to the active layer
pattern 135 may be provided to the first gate electrode
pattern 172, and the gate signal may be applied to the first
gate electrode 170 through the first gate electrode pattern
172 that is electrically connected to the first gate electrode
170. Fach of the second gate electrode 175 and the second
gate electrode pattern 177 may include a metal, an alloy of
a metal, metal nitride, conductive metal oxide, transparent
conductive materials, etc. These may be used alone or in a
suitable combination thereof. Alternatively, each of the
second gate electrode 175 and the second gate electrode
pattern 177 may have a multi-layered structure. Accordingly,
a wiring connection structure 300 including the active layer
pattern 135, the first gate electrode pattern 172, and the
second gate electrode pattern 177 may be formed.

[0092] Referring to FIG. 16, a second insulating interlayer
195 may be formed on the first insulating interlayer 190, the
second gate electrode 175, and the second gate electrode
pattern 177. The second insulating interlayer 195 may cover
the second gate electrode 175, and may extend in the first
direction D1. In addition, the second insulating interlayer
195 may be formed on the entire first insulating interlayer
190. For example, the second insulating interlayer 195 may
sufficiently cover the second gate electrode 175 and the
second gate electrode pattern 177, and may have a substan-
tially level surface without a step around of the second gate
electrode 175 and the second gate electrode pattern 177.
Alternatively, the second insulating interlayer 195 may
cover the second gate electrode 175 and the second gate
electrode pattern 177, and may have a substantially uniform
thickness along a profile of the second gate electrode 175
and the second gate electrode pattern 177. The second
insulating interlayer 195 may be formed using silicon com-
pound, metal oxide, etc.

[0093] Source electrode 210 and the drain electrode 230
may be formed on the second insulating interlayer 195. The
source electrode 210 may be in direct contact with a first side
of the active layer 130 via a contact hole formed by
removing respective portions of the gate insulation layer
150, the first insulating interlayer 190, and the second
insulating interlayer 195 each. The drain electrode 230 may
be in direct contact with a second side of the active layer 130
via a contact hole formed by removing other respective
portions of the gate insulation layer 150, the first insulating
interlayer 190, and the second insulating interlayer 195.
Hach of the source electrode 210 and the drain electrode 230
may be formed using a metal, an alloy of a metal, metal
nitride, conductive metal oxide, transparent conductive
materials, etc. These may be used alone or in a suitable
combination thereof. Alternatively, each of the source and
drain electrodes 210 and 230 may have a multi-layered
structure. Accordingly, a semiconductor element 250 includ-
ing the active layer 130, the gate insulation layer 150, the
first gate electrode 170, the first insulating interlayer 190, the
second gate electrode 175, the second insulating interlayer
195, the source electrode 210, and the drain electrode 230
may be formed.

[0094] Referring to FIG. 17, a planarization layer 270 may
be formed on the second insulating interlayer 195, the source
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electrode 210, and the drain electrode 230. The planarization
layer 270 may cover the source electrode 210 and the drain
electrode 230, and may extend in the first direction D1. In
addition, the planarization layer 270 may be located on the
entire second insulating interlayer 195. For example, the
planarization layer 270 may be formed to have sufficient
thickness to cover the second insulating interlayer 195 and
the source and drain electrodes 210 and 230. In this case, the
planarization layer 270 may have a substantially flat upper
surface, and a planarization process may be further per-
formed on the planarization layer 270 to implement the flat
upper surface of the planarization layer 270. The planariza-
tion layer 270 may include organic materials or inorganic
materials. In some embodiments, the planarization layer 270
may include organic materials. For example, the planariza-
tion layer 270 may be formed using a polyimide-based resin,
a photoresist, an acryl-based resin, a polyamide-based resin,
a siloxane-based resin, etc.

[0095] A lower electrode 290 may be formed on the
planarization layer 270. For example, the lower electrode
290 may be formed on a portion of the planarization layer
270 under which the semiconductor element 250 is located.
The lower electrode 290 may be in contact with the drain
electrode 230 via a contact hole formed by removing a
portion of the planarization layer 270. In addition, the lower
electrode 290 may be electrically connected to the semicon-
ductor element 250. For example, the lower electrode 290
may be formed using a metal, an alloy of a metal, metal
nitride, conductive metal oxide, transparent conductive
materials, etc. These may be used alone or in a suitable
combination thereof. Alternatively, the lower electrode 290
may have a multi-layered structure.

[0096] Referring to FIG. 18, a pixel defining layer 310
may be formed on a portion of the lower electrode 290 and
the planarization layer 270. The pixel defining layer 310
may cover both lateral portions of the lower electrode 290,
and extend in the first direction D1. The pixel defining layer
310 may include organic materials or inorganic materials. In
some embodiments, the pixel defining layer 310 may be
formed using organic materials.

[0097] A light emitting layer 330 may be formed in a
portion where an upper surface of the lower electrode 290 is
exposed by the pixel defining layer 310. The light emitting
layer 330 may be formed using at least one of light emitting
materials capable of generating different colors of light (e.g.,
a red color of light, a blue color of light, and a green color
of light) according to sub-pixels. Alternatively, the light
emitting layer 330 may generally generate a white color of
light by stacking a plurality of light emitting materials
capable of generating different colors of light such as a red
color of light, a green color of light, and a blue color of light.
In this case, a color filter may be located on the light emitting
layer 330 (e.g., to overlap the light emitting layer 330 on a
lower surface of an encapsulation substrate). The color filter
may include at least one selected from a red color filter, a
green color filter, and a blue color filter. Alternatively, the
color filter may include a yellow color filter, a cyan color
filter, and a magenta color filter. The color filter may be
formed using a photosensitive resin or a color photoresist.
[0098] An upper electrode 340 may be formed on the pixel
defining layer 310 and the light emitting layer 330. The
upper electrode 340 may cover the light emitting layer 330
and the pixel defining layer 310, and may extend in the first
direction D1. In addition, the upper electrode 340 may be
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formed on the entire pixel defining layer 310. The upper
electrode 340 may be formed using a metal, an alloy of a
metal, metal nitride, conductive metal oxide, transparent
conductive materials, etc. These may be used alone or in a
suitable combination thereof. Alternatively, the upper elec-
trode 340 may have a multi-layered structure. Accordingly,
the sub-pixel structure 200 including the lower electrode
290, the light emitting layer 330, and the upper electrode 340
may be formed.

[0099] An encapsulation substrate may be formed on the
upper electrode 340. The encapsulation substrate and the
substrate 110 may include substantially the same material.
For example, the encapsulation substrate may be formed
using a quartz substrate, a synthetic quartz substrate, a
calcium fluoride substrate, a fluoride-doped quartz substrate,
a sodalime glass substrate, a non-alkali glass substrate, etc.
In some embodiments, the encapsulation substrate may
include a transparent inorganic material or flexible plastic.
For example, the encapsulation substrate may include a
flexible transparent resin substrate. In this case, to increase
flexibility of the OLED device 100, the encapsulation sub-
strate may include a stacked structure where at least one
inorganic layer and at least one organic layer are alternately
stacked. Accordingly, an OLED device 100 illustrated in
FIG. 5 may be manufactured.

[0100] FIG. 19 is a layout diagram illustrating a wiring
connection structure in accordance with some embodiments,
and FIG. 20 is a cross-sectional view taken along the line
TI-IT' of FIG. 19. A wiring connection structure 400 illus-
trated in FIGS. 19 and 20 may have a configuration that is
substantially the same as, or similar to, that of the wiring
connection structure 300 included in the OLED device 100
described with reference to FIGS. 1, 2, 3, 4 and 5 with the
exception of a shape of a gate insulation layer 150, a shape
of a first insulating interlayer 190, and a shape of a second
gate electrode pattern 177. In FIGS. 19 and 20, detailed
descriptions for elements that are substantially the same as
or similar to elements described with reference to FIGS. 1,
2, 3, 4 and 5 may not be repeated.

[0101] Referring to FIGS. 19 and 20, a wiring connection
structure 400 may include an active layer pattern 135, a first
gate electrode pattern 172, and a second gate electrode
pattern 177.

[0102] The gate insulation layer 150 may be located on the
substrate 110, the active layer 130, and the active layer
pattern 135. In some embodiments, the gate insulation layer
150 may cover the active layer 130 on the substrate 110, and
may extend in the first direction D1. In addition, the gate
insulation layer 150 may expose the first region 10 and the
second region 20 that are included in the active layer pattern
135.

[0103] The first gate electrode pattern 172 may be located
on the active layer pattern 135 and the gate insulation layer
150. In some embodiments, the first gate electrode pattern
172 may be located to overlap the active layer pattern 135
such that the first gate electrode pattern 172 exposes the first
region 10 of the active layer pattern 135. In addition, the first
gate electrode pattern 172 may have an opening that exposes
the second region 20. In other words, the first gate electrode
pattern 172 may expose an upper surface of the active layer
pattern 135 located in the second region 20 via the opening.
[0104] The first insulating interlayer 190 may be located
on the gate insulation layer 150, the first gate electrode 170,
and the first gate electrode pattern 172. In some embodi-
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ments, the first insulating interlayer 190 may cover the first
gate electrode 170, and may extend in the first direction D1.
In addition, the first insulating interlayer 190 may have a
contact hole that overlaps the first region 10, the second
region 20, the third region 30, and a portion of the fourth
region 40. In other words, the first insulating interlayer 190
may expose an upper surface of the active layer pattern 135
in the first region 10, and may expose an upper surface of the
first gate electrode pattern 172 in the third region 30. In
addition, the first insulating interlayer 190 may expose an
upper surface of the active layer pattern 135 in the second
region 20, and may expose a portion of the first gate
electrode pattern 172 in the fourth region 40.

[0105] The second gate electrode pattern 177 may be
located on the first gate electrode pattern 172 and the first
insulating interlayer 190. The second gate electrode pattern
177 may be in contact with the first gate electrode pattern
172 located in the third region 30 of the active layer pattern
135 and a portion of the first gate electrode pattern 172
located in the fourth region 40, and may be connected to the
active layer pattern 135 in the first region 10 and the second
region 20. In other words, the second gate electrode pattern
177 may be in contact with the first gate electrode pattern
172 located in the third region 30 and the at least a portion
of the first gate electrode pattern 172 located in the fourth
region 40 via the contact hole of the first insulating interlayer
190, and may be connected to the first region 10 and the
second region 20. Thus, the second gate electrode pattern
177 may be connected to the first heavily doped region 51
and the first lightly doped region 61 that are included in the
first region 10, and may be connected to the second lightly
doped region 62, the second heavily doped region 52, and
the third lightly doped region 63 that are included in the
second region 20. As the second gate electrode pattern 177
is in direct contact with the first gate electrode pattern 172,
and with the active layer pattern 135 in the first region 10
and in the second region 20, through the contact hole of the
first insulating interlayer 190, a gate signal applied to the
active layer pattern 135 may be provided to the first gate
electrode pattern 172, and the gate signal may be applied to
the first gate electrode 170 through the first gate electrode
pattern 172 that is electrically connected to the first gate
electrode 170.

[0106] Accordingly, as compared to FIGS. 1, 2, 3, 4, and
5, by extending the contact hole of the first insulating
interlayer 190 in the first direction D1, the second gate
electrode pattern 177 may be additionally connected to the
second heavily doped region 52 of the active layer pattern
135, and a contact area of the second gate electrode pattern
177 and the active layer pattern 135 may be increased
without a formation of an additional contact hole because
the first gate electrode pattern 172 located in the third region
30 and a portion of the first gate electrode pattern 172
located in the fourth region 40 is in contact with the second
gate electrode pattern 177. As a result, the OLED device
may reduce a contact resistance of the second gate electrode
pattern 177 and the active layer pattern 135.

[0107] FIG. 21 is a layout diagram illustrating a wiring
connection structure in accordance with some embodiments,
and FIG. 22 is a cross-sectional view taken along the line of
FIG. 21. A wiring connection structure 500 illustrated in
FIGS. 21 and 22 may have a configuration substantially the
same as or similar to that of a wiring connection structure
300 included in the OLED device 100 described with
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reference to FIGS. 1, 2, 3, 4 and 5 with the exception of a
shape of a gate insulation layer 150, a shape of the first gate
electrode pattern 172, a shape of a first insulating interlayer
190, and a shape of a second gate electrode pattern 177. In
FIGS. 21 and 22, detailed descriptions for elements that are
substantially the same as or similar to elements described
with reference to FIGS. 1, 2, 3, 4 and 5 may not be repeated.
[0108] Referring to FIGS. 21 and 22, a wiring connection
structure 500 may include an active layer pattern 135, a first
gate electrode pattern 172, and a second gate electrode
pattern 177.

[0109] The gate insulation layer 150 may be located on the
substrate 110, the active layer 130, and the active layer
pattern 135. In some embodiments, the gate insulation layer
150 may cover the active layer 130 on the substrate 110, and
may extend in the first direction D1. In addition, the gate
insulation layer 150 may expose the active layer pattern 135
in the first region 10 and in a portion of the second region
20. In addition, the gate insulation layer 150 may be located
in the third lightly doped region 63 of the second region 20.
[0110] The first gate electrode pattern 172 may be located
on the active layer pattern 135 and the gate insulation layer
150. In some embodiments, the first gate electrode pattern
172 may be located to overlap the active layer pattern 135
such that the first gate electrode pattern 172 exposes the first
region 10 of the active layer pattern 135. In addition, the first
gate electrode pattern 172 may have an opening that exposes
a portion of the second region 20 of the active layer pattern
135. In other words, the first gate electrode pattern 172 may
expose the second lightly doped region 62 of the second
region 20 and an upper surface of the active layer pattern
135 located in the second heavily doped region 52 via the
opening.

[0111] The first insulating interlayer 190 may be located
on the gate insulation layer 150, the first gate electrode 170,
and the first gate electrode pattern 172. In some embodi-
ments, the first insulating interlayer 190 may cover the first
gate electrode 170, and may extend in the first direction D1.
In addition, the first insulating interlayer 190 may have a
contact hole that overlaps the first region 10, a portion of the
second region 20, and the third region 30. The contact hole
may or may not overlap a portion of the fourth region 40. In
other words, the first insulating interlayer 190 may expose
an upper surface of the active layer pattern 135 in the first
region 10, and may expose an upper surface of the second
gate electrode pattern 177 in the third region 30. In addition,
the first insulating interlayer 190 may expose an upper
surface of the active layer pattern 135 in the second lightly
doped region 62 and the second heavily doped region 52 that
are included in the second region 20. In addition, the first
insulating interlayer 190 may be located in the third lightly
doped region 63 of the second region 20, and may cover the
first gate electrode pattern 172 located in the fourth region
40.

[0112] The second gate electrode pattern 177 may be
located on the first gate electrode pattern 172 and the first
insulating interlayer 190. The second gate electrode pattern
177 may be in contact with the first gate electrode pattern
172 located in the third region 30, and may be connected to
the active layer pattern 135 in the first region 10 and in a
portion of the second region 20. In other words, the second
gate electrode pattern 177 may be in contact with the first
gate electrode pattern 172 located in the third region 30 via
the contact hole of the first insulating interlayer 190, and
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may be connected to the active layer pattern 135 in the first
region 10 and in a portion of the second region 20. Thus, the
second gate electrode pattern 177 may be connected to the
first heavily doped region 51 and the first lightly doped
region 61 that are included in the first region 10, and may be
connected to the second lightly doped region 62 and the
second heavily doped region 52 that are included in the
second region 20. As the second gate electrode pattern 177
is in direct contact with the first gate electrode pattern 172,
and with the active layer pattern 135 in the first region 10
and in a portion of the second region 20, through the contact
hole of the first insulating interlayer 190, a gate signal
applied to the active layer pattern 135 may be provided to
the first gate electrode pattern 172, and the gate signal may
be applied to the first gate electrode 170 through the first
gate electrode pattern 172 that is electrically connected to
the first gate electrode 170.
[0113] Accordingly, as compared to FIGS. 1, 2, 3, 4, and
5, by extending the contact hole of the first insulating
interlayer 190 in the first direction D1, the second gate
electrode pattern 177 may be additionally connected to the
second heavily doped region 52 of the active layer pattern
135 without contacting the third lightly doped region 63 of
the second region 20, and a contact area of the second gate
electrode pattern 177 and the active layer pattern 135 may be
increased without an additional a contact hole because the
first gate electrode pattern 172 located in the third region 30
is in contact with the second gate electrode pattern 177. As
a result, the OLED device may reduce a contact resistance
of the second gate electrode pattern 177 and the active layer
pattern 135.
[0114] The present invention may be applied to various
display devices including an organic light emitting display
device. For example, the present invention may be applied
to vehicle-display device, a ship-display device, an aircraft-
display device, portable communication devices, display
devices for display or for information transfer, a medical-
display device, etc.
[0115] The foregoing is illustrative of some embodiments
and is not to be construed as limiting thereof. Although a few
some embodiments have been described, those skilled in the
art will readily appreciate that many modifications are
possible in the some embodiments without materially
departing from the novel teachings and advantages of the
present inventive concept. Accordingly, all such modifica-
tions are intended to be included within the scope of the
present inventive concept as defined in the claims. There-
fore, it is to be understood that the foregoing is illustrative
of various some embodiments and is not to be construed as
limited to the specific some embodiments disclosed, and that
modifications to the disclosed some embodiments, as well as
other some embodiments, are intended to be included within
the scope of the appended claims and their functional
equivalents.
What is claimed is:
1. An organic light emitting display (OLED) device,
comptrising:
a substrate;
a semiconductor element on the substrate, the semicon-
ductor element comprising;
an active layer;
a first gate electrode on the active layer;
a second gate electrode on the first gate electrode; and
source and drain electrodes above the second gate
electrode;
awiring connection structure electrically connected to the
semiconductor element, the wiring connection struc-
ture comprising:
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an active layer pattern spaced from the active layer on
the substrate, the active layer pattern corresponding
to a first region, a second region spaced from the first
region, a third region between the first region and the
second region, and a fourth region;

a first gate electrode pattern overlapping the active
layer pattern to expose the active layer pattern at the
first region, and defining an opening that exposes the
active layer pattern at the second region; and

a second gate electrode pattern contacting a portion of
the first gate electrode pattern in the third region, and
contacting the active layer pattern in the first region,
and

a sub-pixel structure on the semiconductor element and
the wiring connection structure.

2. The OLED device of claim 1, wherein the semicon-

ductor element further comprises:

a gate insulation layer on the substrate, the active layer,
and the active layer pattern, and exposing the first
region; and

a first insulating interlayer on the gate insulation layer, the
first gate electrode, and the first gate electrode pattern,
and defining a contact hole overlapping the first region
and the third region.

3. The OLED device of claim 2, wherein the first insu-
lating interlayer contacts the gate insulation layer in the
second region via the opening of the first gate electrode
pattern.

4. The OLED device of claim 2, wherein the second gate
electrode pattern contacts the first gate electrode pattern in
the third region via the contact hole of the first insulating
interlayer, and contacts the active layer pattern in the first
region.

5. The OLED device of c¢laim 2, wherein the first insu-
lating interlayer covers the first gate electrode pattern in the
fourth region.

6. The OLED device of claim 1, wherein the second gate
electrode pattern extends in a direction from the first region
into the fourth region, and fills the opening of the first gate
electrode pattern, and

wherein the second gate electrode pattern contacts the first
gate electrode pattern in the third region and in the
fourth region, and is connected to the active layer
pattern in the second region.

7. The OLED device of claim 6, wherein the first region
comprises a first heavily doped region and a first lightly
doped region that is adjacent the third region, and

wherein the second region comprises a second lightly
doped region that is adjacent the first lightly doped
region, a third lightly doped region that is spaced from
the second lightly doped region, and a second heavily
doped region that is between the second lightly doped
region and the third lightly doped region.

8. The OLED device of claim 7, wherein the semicon-
ductor element further comprises:

a gate insulation layer on the substrate, the active layer,
and the active layer pattern, and exposing the active
layer pattern at the first region and the second region;
and

a first insulating interlayer on the gate insulation layer, the
first gate electrode, and the first gate electrode pattern,
and defining a contact hole overlapping the first, sec-
ond, third, and fourth regions.
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9. The OLED device of claim 8, wherein the first insu-
lating interlayer exposes a portion of the first gate electrode
pattern at the fourth region.

10. The OLED device of claim 8, wherein the second gate
electrode pattern contacts the first gate electrode pattern at
the third region via the contact hole of the first insulating
interlayer, and is connected to the active layer pattern at the
first region and the second region.

11. The OLED device of claim 10, wherein the second
gate electrode pattern is connected to the first heavily doped
region, the first lightly doped region, the second lightly
doped region, the second heavily doped region, and the third
lightly doped region.

12. The OLED device of claim 7, wherein the semicon-
ductor element further comprises:

a gate insulation layer on the substrate, the active layer,
and the active layer pattern, and exposing the first
region and a portion of the second region; and

a first insulating interlayer on the gate insulation layer, the
first gate electrode, and the first gate electrode pattern,
and defining a contact hole overlapping the first region,
the third region, and a portion of the second region.

13. The OLED device of claim 12, wherein the gate
insulation layer and the first insulating interlayer are located
above the third lightly doped region.

14. The OLED device of claim 12, wherein the second
gate electrode pattern contacts the first gate electrode pattern
at the third region via the contact hole of the first insulating
interlayer, and is connected to the first heavily doped region,
the first lightly doped region, the second lightly doped
region, and the second heavily doped region.
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15. The OLED device of claim 12, wherein the first
insulating interlayer covers the first gate electrode pattern at
the fourth region.

16. The OLED device of claim 1, wherein the semicon-
ductor element further comprises a second insulating intet-
layer on the second gate electrode and the second gate
electrode pattern.

17. The OLED device of claim 1, wherein the active layer
pattern is configured to receive a gate signal,

wherein the first gate electrode pattern is configured to

receive the gate signal through the second gate elec-
trode pattern, and

wherein the first gate electrode is configured to receive the

gate signal through the first gate electrode pattern.

18. The OLED device of claim 1, wherein the sub-pixel
structure comprises:

a lower electrode on the semiconductor element;

a light emitting layer on the lower electrode; and

an upper electrode on the light emitting layer.

19. The OLED device of claim 1, wherein an opening of
the first gate electrode pattern has a first width extending a
first direction, and a second width extending a second
direction that is perpendicular to the first direction,

wherein the first width is greater than 0.2 micrometers,

and

wherein the second width is greater than 0.5 micrometers.

20. The OLED device of claim 1, wherein the active layer
and the active layer pattern comprise a same material,

wherein the first gate electrode and the first gate electrode

pattern comprises a same material, and

wherein the second gate electrode and the second gate

electrode pattern comprise a same material.
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