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ORGANIC LIGHT EMITTING DISPLAY
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims priority under 35 USC
§119 to Korean Patent Application No. 10-2016-0006970
filed on Jan. 20, 2016 in the Korean Intellectual Property
Office (KIPO), the contents of which are incorporated herein
by reference in their entirety.

BACKGROUND

[0002] 1. Field

[0003] Example embodiments relate generally to organic
light emitting display devices. More particularly, example
embodiments relate to organic light emitting display devices
including a transparent region.

[0004] 2. Description of the Related Art

[0005] A flat panel display (FPD) device is widely used in
many modern electronic devices because the FPD device is
lightweight and thin as compared to a cathode-ray tube
(CRT) display device. Typical examples of an FPD device
are a liquid crystal display (LCD) device and an organic
light emitting (OLED) display device. Compared to the
LCD device, the OLED device has many advantages such as
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. In the OLED device,
electrons and holes are injected into an organic thin layer
through a cathode and an anode, and then recombined in the
organic thin layer to generate excitons, thereby emitting
light of a certain wavelength.

[0006] Recently, a transparent OLED device has been
developed, which is capable of transmitting an image of an
object (or a target) that is located in the rear (e.g., the back)
of the OLED device by including a transparent region. Here,
since the OLED device includes a transparent region, an
opening ratio of pixels may be relatively reduced. In addi-
tion, since the transparent region of the OLED device only
performs a light transmission function, the OLED device
may operate in a high luminance mode to compensate for
any reduction in image quality due to the reduction in
opening ratio. As a result, a life time of the pixels of the
OLED device may be reduced, and the consumption of
electrical power of the OLED device may be increased.

SUMMARY

[0007] Some example embodiments provide an organic
light emitting display device including a light emitting layer
in a transparent region.

[0008] According to some aspect of example embodi-
ments, an organic light emitting display (OLED) device
includes a substrate, an active layer, a gate electrode, a first
electrode, a second electrode, a first electrode, a second
electrode, a first lower electrode, a first light emitting layer,
a second lower electrode, a second light emitting layer, and
an upper electrode. The substrate includes a plurality of
pixel regions each having a sub-pixel region and a trans-
parent region. Each pixel comprises: an active layer dis-
posed in the sub-pixel region on the substrate; a gate
electrode overlapping the active layer; a first electrode
disposed on the active layer, and in contact with a first
portion of the active layer; a second electrode spaced apart
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from the first electrode on the active layer, and in contact
with a second portion of the active layer; a first lower
electrode disposed in the sub-pixel region and connected to
the second electrode, and having a first thickness; a first light
emitting layer disposed in the sub-pixel region and posi-
tioned on the first lower electrode; a second lower electrode
disposed in the transparent region on the substrate, and
located at a same level as the gate electrode. The second
lower electrode has a second thickness that is less than the
first thickness, and is transparent. Also included is a second
light emitting layer disposed in the transparent region and
positioned on the first lower electrode:; and an upper elec-
trode disposed on the first and second light emitting layers.
[0009] Inexample embodiments, a thickness of the second
lower electrode may be substantially the same as a thickness
of the gate electrode, and the second lower electrode and the
gate electrode may comprise the same material.

[0010] In example embodiments, the gate electrode may
be disposed on the active layer.

[0011] In example embodiments, each pixel region of the
OLED device may further include a gate insulation layer, a
first insulating interlayer, and a planarization layer. The gate
insulation layer may cover the active layer. The first insu-
lating intetlayer may extend in a first direction on the gate
insulation layer, and may have a first opening exposing a
portion of the second lower electrode in the transparent. The
first insulating interlayer may cover the gate electrode in the
sub-pixel region. The planarization layer may be on the first
insulating interlayer, and may have a first opening exposing
a portion of the second lower electrode in the transparent
region. The planarization layer may cover the first and
second electrodes in the sub-pixel region.

[0012] In example embodiments, each pixel region of the
OLED device may further include a gate wiring and a
second insulating interlayer. The gate wiring may be dis-
posed on the first insulating interlayer, and may be config-
ured to transmit a gate signal to the gate electrode. The gate
wiring may have a thickness that is greater than a thickness
of the gate electrode. The second insulating interlayer may
be disposed between the first insulating interlayer and the
planarization layer. The second insulating interlayer may
have a third opening exposing a portion of the second lower
electrode in the transparent region, and may cover the gate
wiring in the sub-pixel region.

[0013] In example embodiments, the planarization layer
may cover a side wall of the first opening of the first
insulating interlayer in the transparent region, and may be in
contact with an upper surface of the gate insulation layer.

[0014] In example embodiments, a size of the second
opening may be less than a size of the first opening.

[0015] In example embodiments, the gate insulation layer
and the first insulating interlayer may include one or more
inorganic materials, and the planarization layer may include
one or more organic materials.

[0016] In example embodiments, the second electrode
may overlap at least a portion of the second lower electrode.

[0017] In example embodiments, the first insulating inter-
layer may include a first contact hole exposing a portion of
the second lower electrode, and the second insulating inter-
layer may include a second contact hole exposing the first
contact hole. The second electrode may extend into the first
and second contact holes, so as to contact the second lower
electrode.
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[0018] In example embodiments, the planarization layer
may include a third contact hole over the second electrode
and the first lower electrode. The first lower electrode may
extend into the third contact hole, so as to contact the second
electrode.

[0019] In example embodiments, the active layer may be
disposed on the gate electrode.

[0020] In example embodiments, each pixel region of the
OLED device may further include a gate insulation layer, an
insulating interlayer, and planarization layer. The gate insu-
lation layer may have a first opening exposing a portion of
the second lower electrode in the transparent region. The
gate insulation layer may cover the gate electrode in the
sub-pixel region. The insulating interlayer may be on the
gate insulation layer, and may have a second opening
exposing a portion of the second lower electrode in the
transparent region. The insulating interlayer may cover the
gate electrode. The planarization layer may be on the
insulating interlayer, and may have a third opening exposing
a portion of the second lower electrode in the transparent
region. The planarization layer may cover the first and
second electrodes. The planarization layer may cover side
walls of a first opening of the gate insulation layer and a
second opening of the insulation interlayer in the transparent
region, and may contact an upper surface of the gate
insulation layer.

[0021] In example embodiments, a size of the third open-
ing may be less than a size of the first opening and less than
a size of the second opening.

[0022] In example embodiments, the gate insulation layer
and the insulating interlayer may include one or more
inorganic materials, and the planarization layer may include
one or more organic materials.

[0023] In example embodiments, the second electrode
may overlap at least a portion of the second lower electrode.
The gate insulation layer may have a first contact hole
exposing a portion of the second lower electrode, and the
insulating interlayer may have a second contact hole expos-
ing the first contact hole. The second electrode may extend
into the first and second contact holes so as to contact the
second lower electrode. The planarization layer may have a
third contact hole positioned over the second electrode and
the first lower electrode. The first lower electrode may
extend into the third contact hole, so as to contact the second
electrode.

[0024] In example embodiments, the first light emitting
layer may be positioned so as to emit light in a direction that
is perpendicular to an upper surface of the substrate, and the
second light emitting layer may be positioned so as to emit
light in two directions that are both perpendicular to the
upper surface of the substrate.

[0025] In example embodiments, the first lower electrode
may be configured to reflect light emitted from the first light
emitting layer, and the second lower electrode may be
configured to transmit light emitted from the second light
emitting layer.

[0026] In example embodiments, the second light emitting
layer may be configured to emit a white colored light.
[0027] In example embodiments, when the second light
emitting layer does not emit light, the transparent region
may be configured to pass light therethrough.

[0028] As an OLED device according to example embodi-
ments includes a second lower electrode that is disposed at
the same level as the gate electrode, the number of a
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manufacturing processes of the OLED device may be
decreased. Accordingly, a manufacturing cost of the OLED
device may be reduced. In addition, as the first insulating
interlayer is disposed at a thin thickness, a capacitance of a
storage capacitor including the gate electrode and the gate
wiring may be increased. Further, as the gate electrode has
a thin thickness, a cut phenomenon of the first insulating
interlayer covering the gate electrode may be decreased.
Meanwhile, the OLED device may include a second light
emitting layer. Accordingly, deterioration of a pixel included
in the OLED device may be reduced or prevented. In
addition, as the second light emitting layer emits a white
colored light, the OLED device may consume less electrical
powetr.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] Example embodiments can be understood in more
detail from the following description taken in conjunction
with the accompanying drawings, in which:

[0030] FIG. 1 is a plan view illustrating an organic light
emitting display (OLED) device in accordance with example
embodiments;

[0031] FIG. 2 is a cross-sectional view taken along a line
I-I' of FIG. 1;
[0032] FIG. 3 is a cross-sectional view describing a first

lower electrode included in the OLED device of FIG. 2;
[0033] FIGS. 4,5, 6, 7, 8,9, and 10 are cross-sectional
views illustrating a method of manufacturing an OLED
device in accordance with example embodiments;

[0034] FIG. 10 is a cross-sectional view illustrating an
OLED device in accordance with example embodiments;
[0035] FIG. 11 is a cross-sectional view illustrating an
OLED device in accordance with example embodiments;
[0036] FIG. 12 is a cross-sectional view illustrating an
OLED device in accordance with example embodiments;
[0037] FIG. 13 is a cross-sectional view illustrating an
OLED device in accordance with example embodiments;
and

[0038] FIG. 14 is a cross-sectional view illustrating an
OLED device in accordance with example embodiments.

DETAILED DESCRIPTION OF EMBODIMENTS

[0039] Hereinafter, embodiments of the present inventive
concept will be explained in detail with reference to the
accompanying drawings. The various Figures are not nec-
essarily to scale. All numerical values are approximate, and
may vary. All examples of specific materials and composi-
tions are to be taken as nonlimiting and exemplary only.
Other suitable materials and compositions may be used
instead.

[0040] FIG. 1 is a plan view illustrating an organic light
emitting display (OLED) device in accordance with example
embodiments.

[0041] Referring to FIG. 1, an organic light emitting
display (OLED) device 100 may include a plurality of pixel
regions. One such pixel region 10 may include a sub-pixel
region Il and a transparent region II1. For example, the pixel
regions 10 may be arranged sequentially along first and
second directions D1 and D2 over the entire substrate, which
will be described below, included in the OLED device 100.
Here, the first direction D1 may be parallel to an upper
surface of the substrate, and the second direction D2 may be
perpendicular to the first direction D1.
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[0042] 1In the sub-pixel region II, first, second, and third
sub-pixels 15, 20, and 25 may be disposed. As one example,
the first sub-pixel 15 may emit a red color of light, and the
second sub-pixel 20 may emit a green color of light. In
addition, the third sub-pixel 25 may emit a blue color of
light. The first through third sub-pixels 15, 20, and 25 may
be substantially surrounded by a pixel defining layer 310.
[0043] In the transparent region III a transparent window
may be located. The transparent window may be substan-
tially surrounded by the pixel defining layer 310. Light
incident from the outside may be transmitted via the trans-
parent window. In example embodiments, a fourth sub-pixel
35 may be disposed in the transparent region III. The fourth
sub-pixel 35 may be surrounded by a planarization layer
270. To transmit light in the transparent region III, a thick-
ness of a second lower electrode included in the fourth
sub-pixel 35 may be less than that of a first lower electrode
included in the first through third sub-pixels 15, 20, and 25.
In addition, the fourth sub-pixel 35 may emit a white color
of light. Alternatively, the fourth sub-pixel 35 may emit a red
color of a light, a green color of a light, a blue color of a
light, etc. Accordingly, a light may be emitted by the fourth
sub-pixel 35 in the transparent region III of the OLED
device 100.

[0044] In example embodiments, one pixel region 10 of
the OLED device 100 includes the first through third sub-
pixels 15, 20, and 25 and one transparent window 30, but
embodiments are not limited thereto. In other example
embodiments, for instance, a plurality of pixel regions 10
may correspond to one transparent window 30. In addition,
the first through third sub-pixels 15, 20, and 15 are regularly
arranged, but are not limited thereto. For example, the first
through third sub-pixels 15, 20, and 15 may be irregularly
arranged.

[0045] FIG. 2 is a cross-sectional view taken along a line
I-I' of FIG. 1, and FIG. 3 is a cross-sectional view describing
a first lower electrode included in the OLED device of FIG.
2.

[0046] Referring to FIGS. 2 and 3, an OLED device 100
may include a substrate 110, a semiconductor element 250,
a gate wiring 180, a planarization layer 270, a first lower
electrode 290, a pixel defining layer 310, a second lower
electrode 360, a first light emitting layer 330, a second light
emitting layer 335, an upper electrode 340, an encapsulation
substrate 350, etc. Here, the semiconductor element 250
may include an active layer 130, a gate electrode 170, a first
electrode 210, a second electrode 230, a gate insulation layer
150, a first insulating interlayer 190, and second insulating
interlayer 195. In addition, a first lower electrode 290 may
have a first thickness, and the second lower electrode 360
may have a second thickness that is less than the first
thickness.

[0047] As described above, the OLED device 100 may
include a plurality of pixel regions. One pixel region may
have a sub-pixel region 11 and a transparent region III.
[0048] The semiconductor element 250, the first lower
electrode 290, the first light emitting layer 330, etc may be
disposed in the sub-pixel region II. The second lower
electrode 360, the second light emitting layer 335, etc. may
be disposed in the transparent region III. Meanwhile, the
upper electrode 340 may be entirely disposed in the sub-
pixel region II and the transparent region III.

[0049] A display image may be displayed in the sub-pixel
region II, and light may be emitted by the second light
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emitting layer 335 in the transparent region I1I. However, the
second light emitting layer 335 and the second lower elec-
trode 360 may be substantially transparent. Accordingly,
when the semiconductor element 250 is not activated (e.g,,
the first light emitting layer 330 and the second light
emitting layer 335 are in their off or non-emissive state), an
image of an object that is located at the back (e.g., in the
rear) of the OLED device 100 may be transmitted through
the transparent region I1I. As the OLED device 100 includes
the transparent region 11, the OLED device 100 may serve
as a transparent display device.

[0050] The semiconductor element 250 may be disposed
on the substrate 110. The substrate 110 may be formed of
transparent materials or opaque materials. For example, the
substrate 110 may include a quartz substrate, a synthetic
quartz substrate, a calcium fluoride substrate, a fluoride-
doping quartz substrate, a sodalime substrate, a non-alkali
substrate, etc. Alternatively, the substrate 110 may be formed
of a flexible transparent material such as a flexible trans-
parent resin substrate (e.g., a polyimide substrate). For
example, the polyimide substrate may include a first poly-
imide layer, a barrier film layer, a second polyimide layer,
etc. Since the polyimide substrate is relatively thin and
flexible, the polyimide substrate may be disposed on a rigid
glass substrate to help support the formation of the pixel
structure (e.g., the semiconductor element 250, the second
lower electrode 360, the second light emitting layer 335, the
first lower electrode 290, the first light emitting layer 330,
the upper electrode 340, 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 a
rigid glass substrate. 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
pixel structure may be disposed on the insulating layer. After
the pixel structure is formed on the insulating layer, the rigid
glass substrate under which the polyimide substrate is dis-
posed may be removed. It may be difficult to directly form
the pixel structure on an isolated polyimide substrate
because the polyimide substrate is relatively thin and flex-
ible. Accordingly, the pixel structure is formed on a poly-
imide substrate that is coupled to a rigid glass substrate, and
then the polyimide substrate may serve as the substrate 110
of the OLED device 100 after removal of the rigid glass
substrate. As the OLED device 100 includes the sub-pixel
region II and the transparent region III, the substrate 110
may also include the sub-pixel region II and the transparent
region III.

[0051] A buffer layer (not shown) may be disposed on the
substrate 110. The buffer layer may be disposed over the
entire substrate 110. The buffer layer may prevent the
diffusion of metal atoms and/or impurities from the substrate
110 into the semiconductor element 250. Additionally, the
buffer layer may control a rate of heat transfer in a crystal-
lization process for forming the active layer 130, thereby
obtaining a substantially uniform active layer. Furthermore,
the buffer layer may improve a surface flatness of the
substrate 110 when a surface of the substrate 110 is relatively
uneven. According to the type of substrate 110, at least two
buffer layers may be provided on the substrate 110, or the
buffer layer may not be present. The buffer layer may
include organic materials or inorganic materials.

[0052] The semiconductor element 250 may be formed of
the active layer 130, the gate electrode 170, the first elec-
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trode 210, the second electrode 230, the gate insulation layer
150, the first insulating interlayer 190, and the second
insulating interlayer 195. The semiconductor element 250
may be disposed in the sub-pixel region II on the substrate
110.

[0053] The active layer 130 may be disposed in the
sub-pixel region II on the substrate 110. As an example, the
active layer 130 may be formed of an oxide semiconductor,
an inorganic semiconductor (e.g., amorphous silicon, poly-
silicon, etc.), an organic semiconductor, etc.

[0054] The gate insulation layer 150 may be disposed on
the active layer 130. The gate insulation layer 150 may
extend in a first direction D1 on the substrate 110. Here, the
first direction D1 may be parallel to an upper surface of the
substrate 110, or may extend from the transparent region I11
into the sub-pixel region II. The gate insulation layer 150
may cover the active layer 130 in the sub-pixel region 11, and
may be disposed over the entire substrate 110. For example,
the gate insulation layer 150 may sufficiently cover the
active layer 130, and may have a substantially even surface
without a step around the active layer 130. Alternatively, the
gate insulation layer 150 may cover the active layer 130, and
may be disposed with a substantially uniform thickness
along a profile of the active layer 130. The gate insulation
layer 150 may be formed of a silicon compound, a metal
oxide, etc. For example, the gate insulation layer 150 may
include silicon oxide (Si0x), silicon nitride (SiNx), silicon
oxynitride (SiOxNy), silicon oxycarbide (SiOxCy), silicon
carbon nitride (SiCxNy), aluminum oxide (AlOx), alumi-
num nitride (AINx), tantalum oxide (TaOx), hafnium oxide
(HfOx), zirconium oxide (ZrOx), titanium oxide (Ti0x), etc.
In example embodiments, the gate insulation layer 150 may
include inorganic materials.

[0055] The gate electrode 170 may be disposed in the
sub-pixel region II on the gate insulation layer 150. The gate
electrode 170 may be disposed to overlap the active layer
130 in plan view. In example embodiments, the gate elec-
trode 170 may have a relatively thin thickness (e.g., a second
thickness), and may be substantially transparent. Since a
thickness of the gate electrode 170 is thin, a wiring resis-
tance of the gate electrode 170 may be high. Thus, the gate
electrode 170 may not perform a wiring function providing
a gate signal of the OLED device 100, and may instead serve
as a gate electrode switching the active layer 130. For
example, a gate signal of the OLED device 100 may be
provided by the gate wiring 180, and the gate wiring 180
may be electrically connected to the gate electrode 170. In
addition, the gate wiring 180 may provide the gate signal to
the gate electrode 170.

[0056] The second lower electrode 360 may be spaced
apart from the gate electrode 170 in the transparent region 111
and a portion of the sub-pixel region II on the gate insulation
layer 150. In example embodiments, the second lower
electrode 360 and the gate electrode 170 may be disposed at
the same level or layer, may be simultaneously formed using
the same materials (e.g. formed from the same material
layer). The second lower electrode 360 and the gate elec-
trode 170 may have the same thickness, and the second
lower electrode 360 may transmit light. For example, light
incident from an external source may be transmitted via the
transparent region 1II. When a transmissivity of the OLED
device 100 is high in the transparent region 11, an image of
an object behind the OLED device 100 may be clearly
visually recognized. Thus, an electrode, a wiring, a semi-
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conductor element, etc. capable of reducing the transmis-
sivity may not be disposed in the transparent region III.
Although the second lower electrode 360 is disposed in the
transparent region 111, a transmissivity of the OLED device
100 may not be significantly reduced because a thickness of
the second lower electrode 360 is thin and substantially
transparent.

[0057] As described above, to transmit light through the
transparent region III, the OLED device 100 may be manu-
factured as a dual emission structure in the transparent
region III. That is, the second lower electrode 360 is
transparent. For example, the OLED device 100 may trans-
mit light emitted from the second light emitting layer 335
through the back of (e.g., a fourth direction D4 that is
orthogonal to the first direction D1 and a second direction
D2, and opposite to the third direction D3) of the OLED
device 100. Each of the gate electrode 170 and the second
lower electrode 360 may include a metal, a metal alloy,
metal nitride, conductive metal oxide, transparent conduc-
tive materials, etc. For example, each of the gate electrode
170 and the second lower electrode 360 may be formed of
gold (Au), silver (Ag), aluminum (Al), an alloy of alumi-
num, aluminum nitride (AINX), silver (Ag), an alloy of
silver, tungsten (W), tungsten nitride (WNx), copper (Cu),
an alloy of copper, nickel (Ni), chrome (Cr), chrome nitride
(CrNx), molybdenum (Mo), an alloy of molybdenum, tita-
nium (1), titanium nitride (TiNx), platinum (Pt), tantalum
(Ta), tantalum nitride (TaNx), neodymium (Nd), scandium
(Sc), strontium ruthenium oxide (SRO), zinc oxide (ZnOx),
stannum oxide (SnOx), indium oxide (InOx), gallium oxide
(GaOx), indium tin oxide (ITO), indium zinc oxide (IZ0),
etc. These may be used alone or in a suitable combination
thereof.

[0058] In example embodiments, the second lower elec-
trode 360 of the OLED device 100 includes a single layer,
but is not limited thereto. In some example embodiments,
the second lower electrode 360 may have a multi-layered
structure.

[0059] In addition, the second lower electrode 360 and the
gate electrode 170 are simultaneously formed at the same
level, but embodiments are not limited thereto. For example,
the second lower electrode 360 and the active layer 130 may
be formed at different levels and/or at different times.
[0060] The first insulating interlayer 190 may be disposed
on the gate electrode 170 and the second lower electrode
360. The first insulating interlayer 190 may extend in the
first direction D1 on the gate insulation layer 150, and may
have a first opening exposing a portion of the second lower
electrode 360 in the transparent region III. In addition, the
first insulating interlayer 190 may cover the gate electrode
170 in the sub-pixel region II. For example, the first insu-
lating interlayer 190 may sufficiently cover the gate elec-
trode 170, and may have a substantially even surface without
a step around the gate electrode 170. Alternatively, the first
insulating interlayer 190 may cover the gate electrode 170,
and may be disposed with a substantially uniform thickness
along a profile of the gate electrode 170. In example
embodiments, a cut phenomenon of the first insulating
interlayer 190 may be significantly decreased when the gate
electrode 170 is relatively thin. For example, a thickness of
a conventional gate electrode may be significantly greater. In
this case, when the first insulating interlayer is disposed as
a substantially uniform thickness along a profile of a con-
ventional thick gate electrode, a cut phenomenon of the first
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insulating interlayer may frequently occur in a portion
covering the gate electrode, leading to defects in OLED
device.

[0061] As the gate electrode 170 included in the OLED
device 100 according to example embodiments has a rela-
tively thin thickness, a cut phenomenon of the first insulating
interlayer 190 may be significantly decreased. In addition,
the gate electrode and the gate wiring may serve as a storage
capacitor in another cross-sectional view of the OLED
device 100. In this case, a distance between the gate elec-
trode corresponding to a lower electrode of the storage
capacitor and gate wiring corresponding to an upper elec-
trode of the storage capacitor may be decreased due to the
first insulating interlayer 190 having a relatively thin thick-
ness. Accordingly, a capacitance of the storage capacitor
may be increased. The first insulating interlayer 190 may
include a silicon compound, a metal oxide, etc. In example
embodiments, the first insulating interlayer 190 may be
formed of one or more inorganic materials.

[0062] The gate wiring 180 may be disposed on the first
insulating interlayer 190. A thickness of the gate wiring 180
may be greater than that of the gate electrode 170. As
described above, the gate wiring 180 may provide a gate
signal of the OLED device 100 to the gate electrode 170. In
addition, the gate wiring 180 may be in contact with the gate
electrode 170 via a contact hole located in the first insulating
interlayer 190, and may thereby be electrically connected to
the gate electrode 170. Since a thickness of the gate wiring
180 is relatively greater than that of the gate electrode 170,
the gate wiring 180 may have a relatively low wiring
resistance.

[0063] The second insulating interlayer 195 may be dis-
posed on the gate wiring 180. The second insulating inter-
layer 195 may be interposed between the first insulating
interlayer 190 and the planarization layer 270. The second
insulating interlayer 195 may extend in the first direction D1
on the first insulating interlayer 190, and may have an
opening (e.g., a third opening) exposing a portion of the
second lower electrode 360 in the transparent region III. In
addition, the second insulating interlayer 195 may cover the
gate wiring 180 in the sub-pixel region II. For example, the
second insulating interlayer 195 may sufficiently cover the
gate wiring 180, and may have a substantially even surface
without a step around the gate wiring 180. Alternatively, the
second insulating interlayer 195 may cover the gate wiring
180, and may be disposed at a substantially uniform thick-
ness along a profile of the gate wiring 180. The second
insulating interlayer 195 may be formed of a silicon com-
pound, a metal oxide, etc. In example embodiments, the
second insulating interlayer 195 may include inorganic
materials.

[0064] The first electrode 210 and the second electrode
230 may be disposed on the second insulating interlayer 195.
The first electrode 210 may be in contact with a first side of
the active layer 130 via a contact hole formed in the gate
insulation layer 150, the first insulating interlayer 190, and
the second insulating interlayer 195. The second electrode
230 may be in contact with a second side of the active layer
130 via a contact hole formed in the gate insulation layer
150, the first insulating interlayer 190, and the second
insulating interlayer 195. Accordingly. the semiconductor
element 250 includes the active layer 130, the gate electrode
170, the first electrode 210, and the second electrode 230.
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[0065] Inexample embodiments, the second electrode 230
may extend from the sub-pixel region II into the transparent
region 111, to overlap at least a portion of the second lower
electrode 360. The first insulating interlayer 190 may have
a first contact hole exposing a portion of the second lower
electrode 360 in the area of overlap. In addition, the second
insulating interlayer 195 may have a second contact hole
exposing the first contact hole in the area of overlap. The
second electrode 230 may be in contact with the second
lower electrode 360 via the first and second contact holes.
Thus, the semiconductor element 250 may be electrically
connected to the second lower electrode 360. In this manner,
the first electrode 210 may be a source electrode, and the
second electrode 230 may be a drain electrode. Altermna-
tively, the first electrode 210 may be a drain electrode, and
the second electrode 230 may be a source electrode. Each of
the first electrode 210 and the second electrode 230 may be
formed of a metal, an alloy, metal nitride, conductive metal
oxide, transparent conductive materials, etc.

[0066] The planarization layer 270 may be disposed on the
first and second electrodes 210 and 230. The planarization
layer 270 may extend in the first direction D1 on the second
insulating interlayer 195. The planarization layer 270 may
have an opening (e.g., a second opening) exposing a portion
of the second lower electrode 360 in the transparent region
1II, and may cover the first electrode 210 and the second
electrode 230 in the sub-pixel region II. For example, the
planarization layer 270 may be disposed with a relatively
high thickness to sufficiently cover the first and second
electrodes 210 and 230. In this case, the planarization layer
270 may have a substantially even upper surface, and a
planarization process may be further performed on the
planarization layer 270 to implement the even upper surface
of the planarization layer 270. Alternatively, the planariza-
tion layer 270 may cover the first and second electrodes 210
and 230, and may be disposed at a substantially uniform
thickness along a profile of the first and second electrodes
210 and 230.

[0067] The planarization layer 270 may cover a side wall
of a first opening in the first insulating interlayer 190 and a
side wall of a third opening in the second insulating inter-
layer 195 in the transparent region II1, and may be in contact
with an upper surface of the second lower electrode 360. For
example, the planarization layer 270 may not expose a side
wall of the first and third openings. That is, a size (e.g., an
area or a dimension) of the second opening of the planariza-
tion layer 270 may be less than a size of each of the first and
third openings. As at least a portion of the planarization layer
270 is disposed on the second lower electrode 360, the
planarization layer 270 may serve as a pixel defining layer
in the transparent region II1. For example, the planarization
layer 270 may define an outer boundary of the second light
emitting layer 335 in the transparent region III, i.e. the
second light emitting layer 335 may be located in the second
opening. The planarization layer 270 may include organic
materials or inorganic materials. In example embodiments,
the planarization layer 270 may include organic materials.
For example, the planarization layer 270 may be formed of
a photoresist, a polyacryl-based resin, a polyimide-based
resin, a polyamide-based resin, a siloxane-based resin, an
acryl-based resin, an epoxy-based resin, etc.

[0068] The first lower electrode 290 may be disposed in
the sub-pixel region II on the planarization layer 270, and
may have the first thickness that is greater than the second
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thickness of the second lower electrode 360. The first lower
electrode 290 may be in contact with the second electrode
230 via a contact hole formed in the planarization layer 270.
In addition, the first lower electrode 290 may be electrically
connected to the semiconductor element 250. The OLED
device 100 may be manufactured as a top emission structure
in the sub-pixel region II. Thus, the first lower electrode 290
may include a light reflection layer. For example, as illus-
trated in FIG. 3, the first lower electrode 290 may have a
multilayer structure. The multilayer structure may include
the first, second, and third electrode layers 291, 292, and
293. The first electrode layer 291 may be disposed in the
sub-pixel region 1I on the planarization layer 270, and the
second electrode layer 292 and the third electrode layer 293
may be sequentially disposed on the first electrode layer 291.
Here, the first electrode layer 291 and the third electrode
layer 293 may include substantially the same materials, and
the second electrode layer 292 may be interposed between
the first electrode layer 291 and the third electrode layer 293.
A thickness of the first and third electrode layers 291 and
293 each may be substantially less than that of the second
electrode layer 292, and a thickness of the first electrode
layer 291 may be substantially the same as that of the third
electrode layer 293.

[0069] The first electrode layer 291 may cover an uneven
upper surface of the planarization layer 270. As the first
electrode layer 291 is disposed on the planarization layer
270, the first electrode layer 291 may aid in the formation of
the second electrode layer 292. As the third electrode layer
293 is disposed on the second electrode layer 292, a color
coordinate of the OLED device 100 may be readily con-
trolled. The second electrode layer 292 may serve as the
light reflection layer. The second electrode layer 292 may
reflect light emitted from the first light emitting layer 330
toward the front (e.g., a third direction D3 that is opposite to
the fourth direction D4) of the OLED device 100. Thus, the
first lower electrode 290 may be substantially opaque, as it
includes the opaque and reflective second electrode layer
292. In alternate embodiments, the first lower electrode 290
may have a multilayer structure including only the first
electrode layer 291 and the second electrode layer 292, or
may have a single layer structure including only the second
electrode layer 292. As an example, the second electrode
layer 292 may be formed of a metal, a metal alloy, metal
nitride, conductive metal oxide, transparent conductive
materials, etc. Each of the first electrode layer 291 and the
third electrode layer 293 may be substantially transparent.
Each of the first electrode layer 291 and the third electrode
layer 293 may include transparent conductive materials, etc.

[0070] Referring to FIG. 2, the pixel defining layer 310
may be disposed on the planarization layer 270 to expose a
portion of the first lower electrode 290 and at least a portion
of the second lower electrode 360. For example, the pixel
defining layer 310 may cover outer edges of the first lower
electrode 290, and may expose the second opening of the
planarization layer 270. In this case, each of the first and
second light emitting layers 330 and 335 may be located on
portions of the first and second lower electrodes 290 and 360
that are exposed by the pixel defining layer 310. Here, an
opening exposing the second lower electrode 360 formed in
the transparent region III may be a transparent window of
FIG. 1. The pixel defining layer 310 may be formed of
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organic materials or inorganic materials. In example
embodiments, the pixel defining layer 310 may include
organic materials.

[0071] The first light emitting layer 330 (e.g., a light
emitting layer included in a first sub-pixel 15 of FIG. 1) may
be disposed on an exposed portion of the first lower elec-
trode 290. The first 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 colored light,
a blue colored light, and a green colored light, etc.) accord-
ing to the colors desired for, e.g., first, second, and third
sub-pixels of FIG. 1, and may emit their light in the third
direction D3. Alternatively, the first 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 red, green and blue, etc. In
this case, a color filter may be disposed on the first light
emitting layer 330, and may not be disposed in the trans-
parent region II1. 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, cyan color filter, and magenta color filter,
or any other desired color(s). The color filter may be formed
of a photosensitive resin (or color photoresist), etc.

[0072] The second light emitting layer 335 (e.g., a light
emitting layer included in a fourth sub-pixel 35 of FIG. 1)
may be disposed on an exposed portion of the second lower
electrode 360. The second light emitting layer 335 may emit
a white colored light according to the fourth sub-pixel of
FIG. 1. The second light emitting layer 335 may be con-
trolled by the semiconductor element 250. For example,
when the semiconductor element 250 is activated (e.g.,
turned-on), the second light emitting layer 335 may emit a
white color of light in both the third direction D3 and the
fourth direction D4. When the semiconductor element 250 is
not activated (e.g., turned-off), an image of an object that is
located behind the OLED device 100 may be transmitted via
the transparent region III. Accordingly, a light may be
emitted by the second light emitting layer 335 in the
transparent region III of the OLED device 100. The second
light emitting layer 335 may have a tandem structure to emit
a white colored light. For example, the second light emitting
layer 335 may include a red light emitting layer, a green light
emitting layer, and a blue light emitting layer, and charge
generation layers (CGLs) may be interposed between the red
light emitting layer and the green light emitting layer as well
as between the green light emitting layer and the blue light
emitting layer. For example, the red light emitting layer, a
first CGL, the green light emitting layer, a second CGL, and
the blue light emitting layer may be sequentially disposed on
the second lower electrode 360. Alternatively, the CGLs
may be disposed between the red light emitting layer and the
green light emitting layer or between the green light emitting
layer and the blue light emitting layer. In some example
embodiments, the second light emitting layer 335 may
generally generate white light by mixing a plurality of light
emitting materials capable of generating different colors of
light such as red, green, blue, etc. For example, the second
light emitting layer 335 may generate blue light and yellow-
green light by using a blue fluorescent material and a
yellow-green phosphor material, and white light may be
generated in a suitable mix thereof. In addition, various
colors of light may be generated by controlling a mixing
ratio of the light emitting materials. In this manner, for
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example, the light emitting materials may emit yellow light,
violet light, sky-blue light, etc. Alternatively, the second
light emitting layer 335 may emit red light, green light, or
blue light similar to the first light emitting layer 330.
[0073] The upper electrode 340 may be disposed on the
pixel defining layer 310 and the first and second light
emitting layers 330 and 335. The upper electrode 340 may
cover the pixel defining layer 310 and the first and second
light emitting layers 330 and 335 in both the sub-pixel
region II and the transparent region III. That is, the upper
electrode 340 may overlap the first and second light emitting
layers 330 and 335. The upper electrode 340 may be formed
of a metal, a metal alloy, metal nitride, conductive metal
oxide, transparent conductive materials, etc. These may be
used alone or in any suitable combination thereof.

[0074] The encapsulation substrate 350 may be disposed
on or over the upper electrode 340. The encapsulation
substrate 350 and the substrate 110 may include substan-
tially the same materials. For example, the encapsulation
substrate 350 may include quartz, synthetic quartz, calcium
fluoride, fluoride-doping quartz, sodalime glass, non-alkali
glass etc. In some example embodiments, the encapsulation
substrate 350 may include a transparent inorganic material
or flexible plastic. For example, the encapsulation substrate
350 may include a flexible transparent resin substrate. In this
case, to increase flexibility of the OLED device 100, the
encapsulation substrate 350 may include a stacked structure
where at least one inorganic layer and at least one organic
layer are alternately stacked.

[0075] As the OLED device 100 in accordance with
example embodiments includes the second lower electrode
360 that is disposed at the same level and at the same time
as the gate electrode 170, the number of a manufacturing
processes of the OLED device 100 (e.g., the number of a
mask processes) may be decreased. Accordingly, a manu-
facturing cost of the OLED device 100 may be reduced. In
addition, as the first insulating interlayer 190 is relatively
thin, a capacitance of a storage capacitor including the gate
electrode 170 and the gate wiring 180 may be increased.
Further, as the gate electrode 170 is relatively thin, a cut
phenomenon of the first insulating interlayer 190 covering
the gate electrode 170 may be decreased. Meanwhile, the
OLED device 100 may include the second light emitting
layer 335. Accordingly, undesirably rapid deterioration of a
pixel included in the OLED device 100 may be prevented.
In addition, as the second light emitting layer 335 emits a
white color of light, the OLED device 100 may have reduced
power consumption.

[0076] FIGS. 4,5, 6,7, 8,9, and 10 are cross-sectional
views illustrating a method of manufacturing an OLED
device in accordance with example embodiments.

[0077] Referring to FIG. 4, an active layer 530 may be
formed in a sub-pixel region II on a substrate 510. The active
layer 530 may be formed using an oxide semiconductor, an
inorganic semiconductor, an organic semiconductor, etc.
The substrate 510 may be formed using quartz, synthetic
quartz, calcium fluoride, fluoride-doping quartz, a sodalime
glass, a non-alkali glass etc. Alternatively, a buffer layer may
be formed on the substrate 510. The buffer layer may extend
along a first direction that is parallel to an upper surface of
the substrate 510. That is, the buffer layer may be entirely
formed on the substrate 510. The buffer layer may prevent
the diffusion of metal atoms and/or impurities from the
substrate 510. A gate insulation layer 550 may be formed on
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the substrate 510. The gate insulation layer 550 may cover
the active layer 530, and may extend in the first direction on
the substrate 510. The gate insulation layer 550 may be
entirely formed in the sub-pixel region II and the transparent
region I1T on the substrate 510. The gate insulation layer 550
may be formed using a silicon compound, a metal oxide, etc.

[0078] A gate electrode 570 may be formed on a portion
of the gate insulation layer 550 under which the active layer
530 is located, to overlap the active layer 530 in plan view.
A second lower electrode 760 may be spaced apart from the
gate electrode 570 in a transparent region III and a portion
of the sub-pixel region II on the gate insulation layer 550. In
example embodiments, the second lower electrode 760 and
the gate electrode 570 may be located at the same level or
layer, may be simultaneously formed using the same mate-
rials. In addition, the second lower electrode 760 and the
gate electrode 570 may have the same thickness (e.g., a
second thickness), and the second lower electrode 760 may
transmit a light. In example embodiments, the second lower
electrode 760 may be transparent.

[0079] Each of the gate electrode 570 and the second
lower electrode 760 may include a metal, a metal alloy,
metal nitride, conductive metal oxide, transparent conduc-
tive materials, etc. For example, each of the gate electrode
570 and the second lower electrode 760 may be formed
using Au, Ag, Al, an alloy of aluminum, AINx, Ag, an alloy
of silver, W, WNx, Cu, an alloy of copper, Ni, Cr, CrNx, Mo,
an alloy of molybdenum, Ti, TiNx, Pt, Ta, TaNx, Nd, Sc,
SRO, ZnOx, SnOx, InOx, GaOx, ITO, [Z0, etc. These may
be used alone or in any suitable combination thereof.

[0080] Referring to FIG. 5, a preliminary first insulating
interlayer 591 may be formed on the gate electrode 570 and
the second lower electrode 760. The preliminary first insu-
lating interlayer 591 may cover the gate electrode 570 and
the second lower electrode 760, and may extend in the first
direction D1 on the gate insulation layer 550. That is, the
preliminary first insulating interlayer 591 may be formed on
the entire gate insulation layer 550.

[0081] A gate wiring 580 may be formed on the prelimi-
nary first insulating interlayer 591. A thickness of the gate
wiring 580 may be greater than that of the gate electrode
570. The gate wiring 580 may provide a gate signal of an
OLED device to the gate electrode 570.

[0082] A preliminary second insulating interlayer 596 may
be formed on the gate wiring 580. The preliminary second
insulating interlayer 596 may cover the gate wiring 580, and
may extend in the first direction D1 on the preliminary first
insulating interlayer 591. That is, the preliminary second
insulating interlayer 596 may be formed on the entire
preliminary first insulating interlayer 591.

[0083] Referring to FIGS. 5 and 6, an opening may be
formed in the preliminary first insulating interlayer 591 and
the preliminary second insulating interlayer 596 that are
located in the transparent region I1I. Also, first, second, and
third contact holes may be formed in the sub-pixel region II.
Accordingly, a first insulating interlayer 590 and a second
insulating interlayer 595 may be formed. The first insulating
interlayer 590 may have a first opening exposing a portion
of a second lower electrode 760 in the transparent region I11.

[0084] In addition, the second insulating interlayer 595
may have an opening (e.g., a third opening) in the transpar-
ent region III. Each of the first and second insulating
interlayer 590 and 595 may include a silicon compound, a
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metal oxide, etc. In example embodiments, each of the first
and second insulating interlayer 590 and 595 may be formed
using inorganic materials.

[0085] A first electrode 610 and a second electrode 630
may be formed on the second insulating interlayer 595.
[0086] The first electrode 610 and the second electrode
630 may perforate or extend into the first, second, and third
contact holes. For example, the first electrode 610 may be in
contact with a first side of the active layer 530 via the third
contact hole, and the second electrode 630 may be in contact
with a second side of the active layer 530 via the second
contact hole. Accordingly, a semiconductor element 650
including the active layer 530, the gate electrode 570, the
first electrode 610, and the second electrode 630 may be
formed.

[0087] Inexample embodiments, the second electrode 630
may extend into the transparent region III so as to overlap at
least a portion of the second lower electrode 760. The second
electrode 630 may be in contact with the second lower
electrode 760 by extending into the first contact hole which
exposes a portion of the second lower electrode 760. Thus,
the semiconductor element 650 may be electrically con-
nected to the second lower electrode 760. Each of the first
electrode 610 and the second electrode 630 may be formed
using a metal, an alloy, metal nitride, conductive metal
oxide, transparent conductive materials, etc.

[0088] Referring to FIG. 7, a preliminary planarization
layer 671 may be formed on the first electrode 610, the
second electrode 630, the second insulating interlayer 595,
and the second lower electrode 760. The preliminary pla-
narization layer 671 may cover the first electrode 610, the
second electrode 630, the second insulating interlayer 595,
and the second lower electrode 760, and may extend in the
first direction D1 on the first electrode 610, the second
electrode 630, the second insulating interlayer 595, and the
second lower electrode 760. Subsequently, a fourth contact
hole exposing at least a portion of the second electrode 630
may be formed in the preliminary planarization layer 671. A
lower electrode 690 may be formed at a first thickness on the
preliminary planarization layer 671. Here, the first thickness
is greater than a second thickness. The first lower electrode
690 may contact the second electrode 630 by extending
through the fourth contact hole. Accordingly, the first lower
electrode 690 and the semiconductor element 650 may be
electrically connected. In some embodiments, such as the
embodiment illustrated in FIG. 3, the first lower electrode
690 may have a multilayer structure. The multilayer struc-
ture may include first, second, and third electrode layers.
The first electrode layer may be formed in the sub-pixel
region I on the planarization layer, and the second electrode
layer and the third electrode layer may be sequentially
formed on the first electrode layer. The first lower electrode
690 may be formed using a metal, a metal alloy, metal
nitride, conductive metal oxide, transparent conductive
materials, etc.

[0089] Referring to FIG. 8, a preliminary pixel defining
layer 711 may be formed on the preliminary planarization
layer 671. The preliminary pixel defining layer 711 may
cover the first lower electrode 690 on the preliminary
planarization layer 671, and may extend in the first direction
D1. That is, the preliminary pixel defining layer 711 may be
formed on the entire preliminary planarization layer 671.
[0090] Referring to FIGS. 8 and 9, at least a portion of the
second lower electrode 760 may be exposed by removing a
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portion of the preliminary planarization layer 671 and the
preliminary pixel defining layer 711 in the transparent region
TT1. Accordingly, a planarization layer 670 may be formed.
The planarization layer 670 may have an opening (e.g., a
second opening) exposing a portion of the second lower
electrode 760 in the transparent region III. For example, the
planarization layer 670 may be formed at a relatively high
thickness to sufficiently cover the first and second electrodes
610 and 630. In this case, the planarization layer 670 may
have a substantially even upper surface, and a planarization
process may be further performed on the planarization layer
670 to implement an even upper surface of the planarization
layer 670. Alternatively, the planarization layer 270 may
cover the first and second electrodes 210 and 230, and may
be disposed at a substantially uniform thickness along a
profile of the first and second electrodes 210 and 230.

[0091] In example embodiments, the planarization layer
670 may cover a side wall of the first opening of the first
insulating interlayer 590 and a side wall of the third opening
of the second insulating interlayer 595 in the transparent
region I11, and may be in contact with an upper surface of the
second lower electrode 760. For example, the planarization
layer 670 may not expose side walls of the first and third
openings. That is, a size (e.g., an area or a dimension) of the
second opening of the planarization layer 670 may be less
than a size of the first and third openings. As at least a
portion of the planarization layer 670 is formed on the
second lower electrode 360, the planarization layer 670 may
serve as a pixel defining layer in the transparent region I1II.
The planarization layer 670 may include organic materials
or inorganic materials. In example embodiments, the pla-
narization layer 670 may include organic materials. For
example, the planarization layer 670 may be formed using a
photoresist, a polyacryl-based resin, a polyimide-based
resin, a polyamide-based resin, a siloxane-based resin, an
acryl-based resin, an epoxy-based resin, etc.

[0092] At least a portion of the first lower electrode 690
may be exposed by removing at least a portion of the
preliminary pixel defining layer 711 in the sub-pixel region
1I. Accordingly, a pixel defining layer 710 may be formed.
The pixel defining layer 710 may expose a portion of the first
lower electrode 690 and at least a portion of the second
lower electrode 760. For example, the pixel defining layer
710 may cover outer edges of the first lower electrode 690,
and may also expose the second opening of the planarization
layer 670. The pixel defining layer 710 may include organic
materials or inorganic materials. In example embodiments,
the pixel defining layer 710 may be formed using organic
materials.

[0093] A first light emitting layer 730 may be formed on
the exposed portion of the first lower electrode 690. The first
light emitting layer 730 may be formed using at least one of
light emitting materials capable of generating different col-
ors of light (e.g., a red color, a blue color, or a green color,
etc.) in, for example, the first, second, and third sub-pixels
of FIG. 1, and may emit their light in the third direction D3.
Alternatively, the first light emitting layer 730 may generate
white light by stacking a plurality of light emitting materials
capable of generating different colors of light such as a red
color, a green color, a blue color, etc. In this case, a color
filter may be formed on the first light emitting layer 730, and
may not be formed in the transparent region III. 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



US 2017/0207285 Al

color filter may include one or more of a yellow color filter,
a cyan color filter, and a magenta color filter. The color filter
may be formed of a photosensitive resin (or color photore-
sist), etc.

[0094] A second light emitting layer 735 may be formed
on a portion where at least a portion of the second lower
electrode 760 is exposed. The second light emitting layer
735 may emit white light as in the fourth sub-pixel of FIG.
1. The second light emitting layer 735 may be controlled by
the semiconductor element 650. For example, when the
semiconductor element 650 is activated (e.g., turned-on), the
second light emitting layer 735 may emit white light in the
third direction D3 and the fourth direction D4. Here, the
third direction D3 may be orthogonal to the first direction D1
and the second direction D2, and the third direction D3 is
opposite to the fourth direction D4. When the semiconductor
element 650 is not activated (e.g., turned-off), an image of
an object that is located behind the OLED device may be
transmitted via the transparent region III. The second light
emitting layer 735 may have a tandem structure to emit
white colored light. For example, the second light emitting
layer 735 may include a red light emitting layer, a green light
emitting layer, and a blue light emitting layer, and charge
generation layers (CGL) may be interposed between the red
light emitting layer and the green light emitting layer, as well
as between the green light emitting layer and the blue light
emitting layer. For example, the red light emitting layer, a
first CGL, the green light emitting layer, a second CGL, and
the blue light emitting layer may be sequentially disposed on
the second lower electrode 760.

[0095] Referring to FIG. 10, an upper electrode 740 may
be formed on the pixel defining layer 710 and the first and
second light emitting layers 730 and 735. The upper elec-
trode 740 may cover the pixel defining layer 710 and the first
and second light emitting layers 730 and 735 in the sub-pixel
region II and the transparent region III. The upper electrode
740 may be formed using a metal, a metal alloy, metal
nitride, conductive metal oxide, transparent conductive
materials, etc. These may be used alone or in any suitable
combination thereof.

[0096] The encapsulation substrate 750 may be formed on
the upper electrode 740. The encapsulation substrate 750
and the substrate 510 may include substantially the same
materials. For example, the encapsulation substrate 750 may
include quartz, synthetic quartz, calcium fluoride, fluoride-
doping quartz, sodalime glass, non-alkali glass etc. The
encapsulation substrate 750 is combined with the substrate
510 by performing an encapsulation process on the upper
electrode 740. Accordingly, the OLED device illustrated in
FIG. 2 may be manufactured.

[0097] FIG. 11 is a cross-sectional view illustrating an
OLED device in accordance with example embodiments. An
OLED device 200 illustrated in FIG. 11 may have a con-
figuration substantially the same as or similar to that of an
OLED device 100 described with reference to FIG. 2, except
for the configuration of a semiconductor element 255. In
FIG. 11, detailed descriptions for elements which are sub-
stantially the same as or similar to elements described with
reference to FIG. 2 will be omitted.

[0098] Referring to FIG. 11, an OLED device 200 may
include a substrate 110, a gate insulation layer 150, a
semiconductor element 255, a first insulating interlayer 190,
a second insulating interlayer 195, a planarization layer 270,
a first lower electrode 290, a pixel defining layer 310, a
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second lower electrode 361, a first light emitting layer 330,
a second light emitting layer 336, an upper electrode 340, an
encapsulation substrate 350, etc. Here, the semiconductor
element 255 may include an active layer 135, a gate elec-
trode 175, a first electrode 215, and a second electrode 235.
In addition, the first lower electrode 290 may have a first
thickness, and the second lower electrode 361 may have a
second thickness that is less than the first thickness.

[0099] The gate electrode 175 may be disposed in the
sub-pixel region II on the substrate 110. The gate electrode
175 may be located under which the active layer 135 to
overlap the active layer 135 in a plan view. In example
embodiments, the gate electrode 175 may have a relatively
thin thickness (e.g., a second thickness), and may be sub-
stantially transparent. Since a thickness of the gate electrode
175 is thin, a wiring resistance of the gate electrode 175 may
be high. Thus, the gate electrode 175 may not perform a
wiring function providing a gate signal of the OLED device
200, and may instead only serve as a gate electrode switch-
ing the active layer 135. The gate signals of the OLED
device 200 may be provided by a separate gate wiring, and
the gate wiring may be electrically connected to the gate
electrode 175. In this manner, the gate wiring may provide
the gate signals to the gate electrode 175.

[0100] The second lower electrode 361 may be spaced
apart from the gate electrode 175 in the transparent region 111
and a portion of the sub-pixel region II on the substrate 110.
In example embodiments, the second lower electrode 361
and the gate electrode 175 may be disposed at the same
level, and may be simultaneously formed using the same
materials. The second lower electrode 361 and the gate
electrode 175 may have the same thickness, and the second
lower electrode 361 may transmit light. For example, light
incident from external sources may be transmitted via the
transparent region III.

[0101] The gate insulation layer 150 may be disposed on
the second lower electrode 361 and the gate electrode 175.
The gate insulation layer 150 may extend in a first direction
D1 on the substrate 110. Here, the first direction D1 may be
parallel to an upper surface of the substrate 110, or may be
from the transparent region IIT into the sub-pixel region 1.
The gate insulation layer 150 may have a first opening
exposing a portion of the second lower electrode 361 in the
transparent region 111, and may cover the gate electrode 175
in the sub-pixel region I1. The gate insulation layer 150 may
be formed of a silicon compound, a metal oxide, etc. In
example embodiments, the gate insulation layer 150 may
include inorganic materials.

[0102] The active layer 135 may be disposed in the
sub-pixel region II on the gate insulation layer 150. The
active layer 135 may overlap the gate electrode 175. As an
example, the active layer 135 may be formed of an oxide
semiconductor, an inorganic semiconductor (e.g., amor-
phous silicon, polysilicon, etc.), an organic semiconductor,
etc.

[0103] The first insulating interlayer 190 may be disposed
on the active layer 135. The first insulating interlayer 190
may extend in the first direction D1 on the gate insulation
layer 150, and may have a second opening exposing a
portion of the second lower electrode 361 in the transparent
region I1I. In addition, the first insulating interlayer 190 may
cover the active layer 135 in the sub-pixel region II. The first
insulating interlayer 190 may include a silicon compound, a
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metal oxide, etc. In example embodiments, the first insulat-
ing interlayer 190 may be formed of inorganic materials.
[0104] While not shown in FIG. 11, a gate wiring may be
disposed on the first insulating interlayer 190 in known
manner. As described above, the gate wiring may provide a
gate signal of the OLED device 200 to the gate electrode
175. The gate wiring may be in contact with the gate
electrode 175 via a contact hole formed in the first insulating
interlayer 190, so that the gate wiring and the gate electrode
175 are electrically connected. Since the thickness of the
gate wiring is greater than that of the gate electrode 170, the
gate wiring may have a relatively low wiring resistance.
[0105] The second insulating interlayer 195 may be dis-
posed on the gate wiring. The second insulating interlayer
195 may be interposed between the first insulating interlayer
190 and the planarization layer 270. The second insulating
interlayer 195 may extend in the first direction D1 on the
first insulating interlayer 190, and may have an opening
exposing a portion of the second lower electrode 361 in the
transparent region II1. In addition, the second insulating
interlayer 195 may cover the gate wiring in the sub-pixel
region II. The second insulating interlayer 195 may be
formed of a silicon compound, a metal oxide, etc. In
example embodiments, the second insulating interlayer 195
may include inorganic materials.

[0106] The first electrode 215 and the second electrode
235 may be disposed on the second insulating interlayer 195.
The first electrode 215 may be in contact with a first side of
the active layer 130 via a contact hole formed in the first
insulating interlayer 190 and second insulating interlayer
195. The second electrode 230 may be in contact with a
second side of the active layer 130 via another contact hole
formed in the first insulating interlayer 190 and the second
insulating interlayer 195. Accordingly, the semiconductor
element 255 is formed which includes the first active layer
135, the gate electrode 175, the first electrode 215, and the
second electrode 235,

[0107] Inexample embodiments, the second electrode 235
may extend from the sub-pixel region I into the transparent
region 111, to overlap at least a portion of the second lower
electrode 361. The gate insulation layer 150 may have a first
contact hole exposing a portion of the second lower elec-
trode 361. In addition, the first insulating interlayer 190 may
have a second contact hole exposing this first contact hole.
Further, the second insulating interlayer 195 may have a
third contact hole exposing the second contact hole. The
second electrode 235 may be in contact with the second
lower electrode 361 by extending through the first, second,
and third contact holes. Thus, the semiconductor element
255 may be electrically connected to the second lower
electrode 361. Each of the first electrode 215 and the second
electrode 235 may be formed of a metal, an alloy, metal
nitride, conductive metal oxide, transparent conductive
materials, etc.

[0108] The planarization layer 270 may be disposed on the
first and second electrodes 215 and 235. The planarization
layer 270 may extend in the first direction D1 on the second
insulating interlayer 195. The planarization layer 270 may
have a third opening exposing a portion of the second lower
electrode 361 in the transparent region III, and may cover
the first electrode 215 and the second electrode 235 in the
sub-pixel region II.

[0109] In example embodiments, the planarization layer
270 may cover a side wall of the first opening of the gate
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insulation layer 150 and a side wall of the second opening
of the first insulating interlayer 190 in the transparent region
I, and may be in contact with an upper surface of the
second lower electrode 361. The planarization layer 270
may not expose the side walls of the gate insulation layer
150 and first insulating interlayer 190. That is, a size (e.g,,
an area or a dimension) of the third opening of the pla-
narization layer 270 may be less than a size of the first and
second openings. As at least a portion of the planarization
layer 270 is disposed on the second lower electrode 361, the
planarization layer 270 may serve as a pixel defining layer
in the transparent region III. The planarization layer 270
may include organic materials or inorganic materials. In
example embodiments, the planarization layer 270 may
include organic materials.

[0110] Accordingly, the OLED device 200 including the
semiconductor element 255 of a bottom gate structure may
be disposed.

[0111] FIG. 12 is a cross-sectional view illustrating an
OLED device in accordance with example embodiments. An
OLED device illustrated in FIG. 12 may have a configura-
tion substantially the same as or similar to that of an OLED
device 100 described with reference to FIG. 2, except for the
configuration of a planarization layer 271. In FIG. 12,
detailed descriptions for elements which are substantially
the same as or similar to corresponding elements described
with reference to FIG. 2 will be omitted.

[0112] Referring to FIG. 12, an OLED device may include
a substrate 110, a gate insulation layer 150, a semiconductor
element 250, a first insulating interlayer 190, a gate wiring
180, a second insulating interlayer 195, a planarization layer
271, a first lower electrode 290, a pixel defining layer 310,
a second lower electrode 360, a first light emitting layer 330,
a second light emitting layer 335, an upper electrode 340, an
encapsulation substrate 350, etc. Here, the semiconductor
element 250 may include an active layer 130, a gate elec-
trode 170, a first electrode 210, and a second electrode 230.

[0113] In example embodiments, the planarization layer
271 may not cover a side wall of a first opening of the gate
insulation layer 150, a side wall of a second opening of the
first insulating interlayer 190, or a side wall of an opening
of the second insulating interlayer 195 in the transparent
region II1. In this case, after a preliminary gate insulation
layer, a preliminary first insulating interlayer, a preliminary
second insulating interlayer, a preliminary planarization
layer, and a preliminary pixel defining layer are disposed on
the substrate 110, at least a portion of the second lower
electrode 360 may be exposed by removing a portion of a
preliminary gate insulation layer, a preliminary first insulat-
ing intetlayer, a preliminary second insulating interlayer, a
preliminary planarization layer, and a preliminary pixel
defining layer each in the transparent region III. Here, the
first insulating interlayer 190 acts as a pixel defining layer in
transparent region III, rather than the planarization layer
7M.

[0114] FIG. 13 is a cross-sectional view illustrating an
OLED device in accordance with example embodiments. An
OLED device illustrated in FIG. 13 may have a configura-
tion substantially the same as or similar to that of an OLED
device 100 described with reference to FIG. 2, except for the
presence of a second semiconductor element 955 and its
associated electrical connections. In FIG. 13, detailed
descriptions for elements which are substantially the same as
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or similar to corresponding elements described with refer-
ence to FIG. 2 will be omitted.

[0115] Referring to FIG. 13, an OLED device may include
a substrate 110, a gate insulation layer 150, a first semicon-
ductor element 250, a second semiconductor element 955, a
first insulating interlayer 190, a gate wiring 180, a second
insulating interlayer 195, a planarization layer 270, a first
lower electrode 290, a pixel defining layer 310, a second
lower electrode 360, a first light emitting layer 330, a second
light emitting layer 335, an upper electrode 340, an encap-
sulation substrate 350, etc. Here, the first semiconductor
element 250 may include an active layer 130, a gate elec-
trode 170, a first electrode 210, and a second electrode 230,
and the second semiconductor element 955 may include an
active layer 835, a gate electrode 875, a first electrode 915,
and a second electrode 935.

[0116] In example embodiments, as the OLED device
includes the second semiconductor element 955, the first
light emitting layer 330 and the second light emitting layer
335 may emit light independently. That is, as the first and
second semiconductor elements 250 and 955 may control
the first and second light emitting layers 330 and 335,
respectively, so that the first and second light emitting layers
330 and 335 may simultaneously or independently emit
light.

[0117] FIG. 14 is a cross-sectional view illustrating an
OLED device in accordance with example embodiments. An
OLED device illustrated in FIG. 14 may have a configura-
tion substantially the same as or similar to that of an OLED
device 100 described with reference to FIG. 2, except for the
presence and structure of a gate wiring 181 and a conductive
pattern 182. In FIG. 14, detailed descriptions for elements
which are substantially the same as or similar to correspond-
ing elements described with reference to FIG. 2 will be
omitted.

[0118] Referring to FIG. 14, an OLED device may include
a substrate 110, a gate insulation layer 150, a first semicon-
ductor element 250, a first insulating interlayer 190, a gate
wiring 181, a conductive pattern 182, a planarization layer
270, a first lower electrode 290, a pixel defining layer 310,
a second lower electrode 360, a first light emitting layer 330,
a second light emitting layer 335, an upper electrode 340, an
encapsulation substrate 350, etc. Here, the semiconductor
element 250 may include an active layer 130, a gate elec-
trode 170, a first electrode 210, and a second electrode 230.

[0119] In example embodiments, the gate wiring 181 may
be disposed on the gate electrode 170, and the conductive
pattern 182 may be disposed on at least a portion of the
second lower electrode 360. For example, a preliminary gate
electrode may be disposed on the entire gate insulation layer
150, and a preliminary gate wiring may be disposed on the
entire preliminary gate electrode. Then, the gate electrode
170, the gate wiring 181, and the conductive pattern 182
may be simultaneously formed by removing a portion of the
preliminary gate electrode and the preliminary gate wiring
using a half tone mask or a slit mask.

[0120] In this case, each of the gate wiring 181 and the
conductive pattern 182 may reduce a wiring resistance of the
gate electrode 170 and the second lower electrode 360,
respectively. The thicknesses of the gate wiring 181 and the
conductive pattern 182 may thus be greater than the thick-
nesses of the gate electrode 170 and second lower electrode
360, respectively.
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[0121] Embodiments of 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 a 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.

[0122] The foregoing is illustrative of example embodi-
ments and is not to be construed as limiting thereof.
Although a few example embodiments have been described,
those skilled in the art will readily appreciate that many
modifications are possible in the example embodiments
without materially departing from the novel teachings and
advantages of the present inventive concept. Accordingly, all
such modifications are intended to be included within the
scope of the present inventive concept as defined in the
claims. Therefore, it is to be understood that the foregoing
is illustrative of various example embodiments and is not to
be construed as limited to the specific example embodiments
disclosed, and that modifications to the disclosed example
embodiments, as well as other example embodiments, are
intended to be included within the scope of the appended
claims. Various features of the above described and other
embodiments can be mixed and matched in any mannet, to
produce further embodiments consistent with the invention.

What is claimed is:

1. An organic light emitting display (OLED) device,
comprising:

a substrate including a plurality of pixel regions each

having a sub-pixel region and a transparent region;

wherein each pixel region comprises:

an active layer in the sub-pixel region on the substrate;

a gate electrode overlapping the active layer;

a first electrode on the active layer, the first electrode
being in contact with a first portion of the active
layer;

a second electrode spaced apart from the first electrode
on the active layer, the second electrode being in
contact with a second portion of the active layer;

a first lower electrode in the sub-pixel region and
comnected to the second electrode, the first lower
electrode having a first thickness;

a first light emitting layer in the sub-pixel region and
positioned on the first lower electrode;

a second lower electrode in the transparent region on
the substrate, the second lower electrode being
located at a same level as the gate electrode, the
second lower electrode having a second thickness
that is less than the first thickness, the second lower
electrode being a transparent electrode;

a second light emitting layer in the transparent region
and positioned on the second lower electrode; and

an upper electrode on the first and second light emitting
layers.

2. The OLED device of claim 1, wherein a thickness of the
second lower electrode is substantially the same as a thick-
ness of the gate electrode, and

wherein the second lower electrode and the gate electrode

comprise the same material.

3. The OLED device of claim 1, wherein the gate elec-
trode is disposed on the active layer.

4. The OLED device of claim 3, each pixel region further
comprising:
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a gate insulation layer on the substrate, the gate insulation
layer covering the active layer;

a first insulating interlayer on the gate insulation layer, the
first insulating interlayer having a first opening expos-
ing a portion of the second lower electrode in the
transparent region, the first insulating interlayer cover-
ing the gate electrode in the sub-pixel region; and

a planarization layer on the first insulating interlayer, the
planarization layer having a second opening exposing a
portion of the second lower electrode in the transparent
region, the planarization layer covering the first and
second electrodes in the sub-pixel region.

5. The OLED device of claim 4, each pixel region further

comprising:

a gate wiring on the first insulating interlayer, the gate
wiring configured to transmit a gate signal to the gate
electrode, the gate wiring having a thickness that is
greater than a thickness of the gate electrode; and

a second insulating interlayer between the first insulating
interlayer and the planarization layer, the second insu-
lating interlayer having a third opening exposing a
portion of the second lower electrode in the transparent
region, the second insulating interlayer covering the
gate wiring in the sub-pixel region.

6. The OLED device of claim 4, wherein the planarization
layer covers a side wall of the first opening of the first
insulating interlayer in the transparent region, and is in
contact with an upper surface of the gate insulation layer.

7. The OLED device of claim 6, wherein a size of the
second opening is less than a size of the first opening.

8. The OLED device of claim 7, wherein the gate insu-
lation layer and the first insulating interlayer include one or
more inorganic materials, and the planarization layer
includes one or more organic materials.

9. The OLED device of claim 5, wherein the second
electrode overlaps at least a portion of the second lower
electrode.

10. The OLED device of claim 9, wherein the first
insulating interlayer includes a first contact hole exposing a
portion of the second lower electrode, and the second
insulating interlayer includes a second contact hole exposing
the first contact hole, and

wherein the second electrode extends into the first and
second contact holes so as to contact the second lower
electrode.

11. The OLED device of claim 9, wherein the planariza-
tion layer includes a third contact hole over the second
electrode and the first lower electrode, and

wherein the first lower electrode extends into the third
contact hole so as to contact the second electrode.

12. The OLED device of claim 1, wherein the active layer
is disposed on the gate electrode.

13. The OLED device of claim 12, each pixel region
further comprising:

a gate insulation layer on the substrate, the gate insulation

layer having a first opening exposing a portion of the

Jul. 20, 2017

second lower electrode in the transparent region, the
gate insulation layer covering the gate electrode in the
sub-pixel region;

an insulating interlayer on the gate insulation layer, the

insulating interlayer having a second opening exposing
a portion of the second lower electrode in the trans-
parent region, the insulating interlayer covering the
gate electrode; and

a planarization layer on the insulating interlayer, the

planarization layer having a third opening exposing a
portion of the second lower electrode in the transparent
region, the planarization layer covering the first and
second electrodes,

wherein the planarization layer covers side walls of a first

opening of the gate insulation layer and a second
opening of the insulation interlayer in the transparent
region, and contacts an upper surface of the gate
insulation layer.

14. The OLED device of claim 13, wherein a size of the
third opening is less than a size of the first opening and less
than a size of the second opening.

15. The OLED device of claim 14, wherein the gate
insulation layer and the insulating interlayer include one or
more inorganic materials, and the planarization layer
includes one or more organic materials.

16. The OLED device of claim 13, wherein the second
electrode overlaps at least a portion of the second lower
electrode,

wherein the gate insulation layer has a first contact hole

exposing a portion of the second lower electrode, and
the insulating interlayer has a second contact hole
exposing the first contact hole,

wherein the second electrode extends into the first and

second contact holes so as to contact the second lower
electrode,

wherein the planarization layer has a third contact hole

positioned over the second electrode and the first lower
electrode, and

wherein the first lower electrode extends into the third

contact hole, so as to contact the second electrode.

17. The OLED device of claim 1, wherein the first light
emitting layer is positioned so as to emit light in one
direction perpendicular to an upper surface of the substrate,
and the second light emitting layer is positioned so as to emit
light in two directions that are both perpendicular to the
upper surface of the substrate.

18. The OLED device of claim 1, wherein the first lower
electrode is configured to reflect light emitted from the first
light emitting layer, and the second lower electrode is
configured to transmit light emitted from the second light
emitting layer.

19. The OLED device of claim 18, wherein the second
light emitting layer is configured to emit a white colored
light.

20. The OLED device of claim 19, wherein when the
second light emitting layer does not emit light, the trans-
parent region is configured to pass light therethrough.
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