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ORGANIC LIGHT EMITTING DISPLAY
DEVICES AND METHODS OF
MANUFACTURING ORGANIC LIGHT
EMITTING DISPLAY DEVICES

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims priority under 35 U.S.C.
§119 to Korean patent Application No. 10-2014-0100590,
filed on Aug. 5, 2014, the disclosure of which is hereby
incorporated by reference herein in its entirety.

BACKGROUND
[0002] 1. Technical Field
[0003] Example embodiments relate to organic light emit-

ting display devices and method of manufacturing organic
light emitting display devices. More particularly, example
embodiments relate to an organic light emitting display
devices including a capacitor disposed in a transparent
region, and method of manufacturing the organic light emit-
ting display devices.

[0004] 2. Description of the Related Art

[0005] An organic light emitting display (OLED) device
may display various informations such as images or charac-
ters by combining electrons provided from a cathode with
holes provided from an anode in an organic light emitting
layer. The organic light emitting display device has been
expected as one of promising next generation display devices
because of some advantages such as a wide viewing angle, a
rapid response speed, a thin thickness, a low power consump-
tion, etc.

[0006] Recently, a transparent organic light emitting dis-
play device has been rapidly developed. In the transparent
organic light emitting display device, an image of an object
before or after a transparent region of the organic light emit-
ting display device may be recognized by a user when the
organic light emitting display device operates in an “ON”
state. In an “OFF” state, an image may be displayed in a pixel
region of the organic light emitting display device using a
light generated from the organic light emitting layer.

[0007] Generally, a conventional transparent organic light
emitting display device includes a substrate having a pixel
region in which pixels are arranged and a transparent region
adjacent to the pixel region. Components including semicon-
ductor devices, capacitors and peripheral circuits may be
disposed in the pixel region. That is, in the conventional
transparent organic light emitting display device, the semi-
conductor devices and the capacitors are positioned in the
pixel region. In this case, the capacitors may occupy limited
areas in the pixel region, so that the capacitors may not pro-
vide sufficient capacitances for other components of the
organic light emitting display device.

SUMMARY

[0008] Example embodiments provide an organic light
emitting display device including capacitors in a pixel region
and a transparent region to improve a capacitance for com-
ponents thereof,

[0009] Example embodiments provide a method of manu-
facturing an organic light emitting display device including
capacitors in a pixel region and a transparent region.
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[0010] Example embodiments provide an organic light
emitting display device including a capacitor in a transparent
region to provide a sufficient capacitance for components
thereof.

[0011] According to one embodiment, there is provided an
organic light emitting display device. The organic light emit-
ting display device may include a substrate having a pixel
region and a transparent region, a first capacitor disposed in
the transparent region of the substrate, a semiconductor
device disposed in the pixel region of the substrate, a second
capacitor disposed on the semiconductor device, and an
organic light emitting structure disposed on the second
capacitor.

[0012] Inexampleembodiments, the semiconductor device
may include an active pattern disposed on the substrate, a gate
insulation layer disposed on the active pattern, a gate structure
disposed on the gate insulation layer, a source electrode con-
tacting a source region of the active pattern, and a drain
electrode contacting a drain region of the active pattern. The
gate insulation layer may extend to the transparent region.
The first capacitor may include a first lower electrode dis-
posed on the substrate, a first dielectric structure disposed on
the first lower electrode, and a first upper electrode disposed
on the first dielectric structure. For example, the first lower
electrode may include polysilicon doped with impurities. The
first dielectric structure may include a portion of the gate
insulation layer positioned in the transparent region. The gate
structure of the semiconductor device may include a first gate
electrode disposed on the gate insulation layer, and a second
gate electrode disposed on the first gate electrode. The first
upper electrode may include a material substantially the same
as a material of the first gate electrode. For example, each of
the first electrode and the first gate electrode may include a
material having a transmittance. The second capacitor may
include a second lower electrode, a second dielectric structure
disposed on the second lower electrode, and a second upper
electrode disposed on the second dielectric structure. The
second lower electrode of the second capacitor may be the
gate structure of the semiconductor device. The second
dielectric structure may include a portion of an insulating
interlayer disposed on the gate structure.

[0013] Inexample embodiments, the organic light emitting
display device may additionally include at least one insulat-
ing interlayer disposed on the second capacitor, and a first
connection wiring disposed on the at least one insulating
interlayer. The first connection wiring may electrically con-
nect the semiconductor device to the first capacitor. The
organic light emitting display device may further include a
second connection wiring disposed on the at least one insu-
lating interlayer. The second connection wiring may be adja-
cent to the first connection wiring. The second connection
wiring may electrically connect the first capacitor to the sec-
ond capacitor.

[0014] According to another embodiment, there is pro-
vided an organic light emitting display device that may
include a substrate having a pixel region and a transparent
region, a capacitor disposed in the transparent region of the
substrate, a semiconductor device disposed in the pixel region
of the substrate, and an organic light emitting structure dis-
posed on the semiconductor device.

[0015] In some example embodiments, the semiconductor
device may include an active pattern disposed on the sub-
strate, a gate insulation layer disposed on the active pattern, a
gate structure disposed on the gate insulation layer, a source
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electrode contacting a source region of the active pattern, and
a drain electrode contacting a drain region of the active pat-
tern. The gate insulation layer may extend to the transparent
region. The capacitor may include a lower electrode disposed
on the substrate, a dielectric structure disposed on the lower
electrode and an upper electrode disposed on the dielectric
structure. The dielectric structure may include a portion of the
gate insulation layer positioned in the transparent region. The
lower electrode may include polysilicon doped with impuri-
ties, and the upper electrode may include a material having a
transmittance. The organic light emitting display device may
additionally include at least one insulating interlayer dis-
posed between the semiconductor device and the organic
light emitting structure, and a connection wiring disposed on
the at least one insulating interlayer. The connection wiring
may electrically connect the semiconductor device to the
capacitor. The connection wiring may contact the gate struc-
ture of the semiconductor device and the upper electrode of
the capacitor.

[0016] According to still another aspect, there is provided a
method of manufacturing an organic light emitting display
device. In the methods, a substrate having a pixel region and
a transparent region may be provided. A semiconductor
device may be formed in the pixel region of the substrate. A
first capacitor may be formed in the transparent region of the
substrate. A second capacitor may be formed on the semicon-
ductor device. An organic light emitting structure may be
formed on the second capacitor.

[0017] In the formations of the semiconductor device and
the first capacitor according to example embodiments, an
active pattern of the semiconductor device and a first lower
electrode of the capacitor may be formed on the substrate. A
gate insulation layer may be formed on the active pattern and
the first lower electrode. A first upper electrode of the first
capacitor may be formed on the gate insulation layer in the
transparent region. A gate structure of the semiconductor
device may be formed on the gate insulation layer in the pixel
region.

[0018] In example embodiments, the first upper electrode
and the gate structure may be formed by forming a first
electrode layer on the gate insulation layer, by forming a
second electrode layer on the first electrode layer, and by
etching the first electrode layer and the second electrode
layer. The first electrode layer may be formed using material
different from a material of the second electrode layer. The
first electrode layer and the second electrode layer may be
etched using a halftone mask or a halftone slit mask.

[0019] In some example embodiments, the first upper elec-
trode and the gate structure may be formed by forming a first
electrode layer on the gate insulation layer, by forming the
first upper electrode by patterning the first electrode layer, by
forming a second electrode layer on the gate insulation layer,
and by forming the gate structure by patterning the second
electrode layer.

[0020] In the formation of the second capacitor according
to example embodiments, an insulating interlayer may be
formed on the gate structure. A second upper electrode may
be formed on the insulating interlayer.

[0021] In example embodiments, at least one insulating
interlayer may be additionally formed on the second capaci-
tor. A first connection wiring may be formed on the at least
one insulating interlayer. The first connection wiring may
electrically connect the semiconductor device to the first
capacitor.
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[0022] 1In the formation of the first connection wiring
according to example embodiments, a first contact hole and a
second contact hole may be formed through the at least one
insulating interlayer. The first contact hole may expose the
gate structure and the second contact hole may expose the first
upper electrode. The first connection wiring may be formed
on the gate structure exposed through the first contact hole, a
sidewall of the first contact hole, the first upper electrode
exposed through the second contact hole, a sidewall of the
second contact hole, and the at least one insulating interlayer.
[0023] Inexample embodiments, a second connection wir-
ing may be formed on the at least one insulating interlayer.
The second connection wiring may electrically connect the
first capacitor to the second capacitor.

[0024] According to example embodiments, an organic
light emitting display device may include a capacitor dis-
posed in a transparent region and an additional capacitor
located in a pixel region. Therefore, the organic light emitting
display device may have a sufficient capacitance for compo-
nents including a semiconductor device and an organic light
emitting structure without increasing an area of the pixel
region while maintaining a transmittance of the organic light
emitting display device. Meanwhile, an organic light emitting
display device may include a capacitor positioned in the
transparent region only, so that the organic light emitting
display device may have a simple configuration while ensur-
ing a sufficient capacitance by adjusting dimensions of the
capacitor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Illustrative, non-limiting example embodiments
will be more clearly understood from the following detailed
description taken in conjunction containing the accompany-
ing drawings.

[0026] FIG. 1 is a plan view illustrating an organic light
emitting display device in accordance with example embodi-
ments.

[0027] FIG. 2 is a cross sectional view illustrating the
organic light emitting display device taken along a line of
A-A'inFIG. 1.

[0028] FIGS.3,4,5,6,7,8 and 9 are cross sectional views
illustrating a method of manufacturing an organic light emit-
ting display device in accordance with example embodi-
ments.

[0029] FIG. 10 is a cross sectional view illustrating an
organic light emitting display device in accordance with some
example embodiments.

[0030] FIGS.11,12,13, 14 and 15 are cross sectional views
illustrating a method of manufacturing an organic light emit-
ting display device in accordance with some example
embodiments.

[0031] FIG. 16 is a plan view illustrating an organic light
emitting display device in accordance with some example
embodiments.

[0032] FIG. 17 is a cross sectional view illustrating the
organic light emitting display device taken along a line of
B-B'in FIG. 16.

[0033] FIGS. 18, 19, 20 and 21 are cross sectional views
illustrating a method of manufacturing an organic light emit-
ting display device in accordance with some example
embodiments.

[0034] FIG. 22 is a cross sectional view illustrating an
organic light emitting display device in accordance with some
example embodiments.



US 2016/0043157 A1l

[0035] FIGS. 23, 24, 25 and 26 are cross sectional views
illustrating a method of manufacturing an organic light emit-
ting display device in accordance with some example
embodiments.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0036] Hereinafter, organic light emitting display devices
and methods of manufacturing organic light emitting display
devices in accordance with example embodiments will be
described in detail with reference to the accompanying draw-
ings. The inventive concept may, however, be embodied in
many different forms and should not be construed as limited
to the embodiments set forth herein. Rather, these embodi-
ments are provided so that this description will be thorough
and complete, and will fully convey the scope of the inventive
concept to those skilled in the art.

[0037] FIG. 1 is a plan view illustrating an organic light
emitting display device 100 in accordance with example
embodiments. FIG. 2 is a cross sectional view illustrating the
organic light emitting display device 100 taken along a line of
A-A'inFIG. 1.

[0038] Referring to FIGS. 1 and 2, the organic light emit-
ting display device 100 may include a substrate 110, a semi-
conductor device, a first capacitor, a second capacitor, an
organic light emitting structure, etc. In example embodi-
ments, the organic light emitting display device 100 may have
a transparent region [ and a pixel region II. The first capacitor
may be disposed in the transparent region I while the semi-
conductor device, the second capacitor and the organic light
emitting structure may be located in the pixel region II. For
example, the second capacitor in the pixel region Il may serve
as a main capacitor for components of the organic light emit-
ting display device 100, and the first capacitor may function
as an auxiliary capacitor for the components.

[0039] Inexampleembodiments, the semiconductor device
may include an active pattern 125, a first gate insulation layer
130, a second gate insulation layer 135, a gate structure, a
source electrode 137 and a drain electrode 138. In this case,
the gate structure may include a first gate electrode 142 and a
second gate electrode 146. The first capacitor in the transpar-
ent region I may include a first lower electrode 126, a first
dielectric structure and a first upper electrode 141. The first
dielectric structure may include portions of the first and the
second gate insulation layers 130 and 135 in the transparent
region . Additionally, the second capacitorin the pixel region
1I may include a second lower electrode, a second dielectric
structure and a second upper electrode 155. The second lower
electrode may be the gate structure of the semiconductor
device. That is, at least one of the first gate electrode 142 and
the second gate electrode 146 may be the second lower elec-
trode of the second capacitor. The second dielectric structure
may include a portion of a first insulating interlayer 150
located in the pixel region II. The organic light emitting
structure may include a first electrode 180, an organic light
emitting layer 190 and a second electrode 195.

[0040] As illustrated in FIGS. 1 and 2, the substrate 110
may include a transparent insulation material. For example,
the substrate 110 may include a glass substrate, a quartz
substrate, a transparent resin substrate, etc. Examples of the
transparent resin substrate may include polyimide-based
resin, acryl-based resin, polyacrylate-based resin, polycar-
bonate-based resin, polyether-based resin, polyethylene-
terephthalate-based resin, etc. The substrate 110 may have a
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pixel region 1T and a transparent region I as the organic light
emitting display device 100. For example, images may be
displayed in the pixel region IT using the organic light emit-
ting structure. Further, images of objects, which are posi-
tioned before or after the front and the rear of the organic light
emitting display device 100, may pass through the transparent
region 1.

[0041] A firstbufferlayer 115 and a second buffer layer 120
may be disposed on the substrate 110. The first and the second
buffer layers 115 and 120 may prevent metal ions and/or
impurities in the substrate 110 from diffusing upwardly and
also may make the active pattern 125 of the semiconductor
device and the first lower electrode 126 of the first capacitor
substantially uniform. Further, the first and the second buffer
layers 115 and 120 may improve the flatness of the surface of
the substrate 110. Each of the first and the second buffer
layers 115 and 120 may include silicon compound such as
silicon oxide, silicon nitride, silicon oxynitride, silicon car-
bide, etc. The first buffer layer 115 may include a material
substantially the same as that of the second buffer layer 120.
Alternatively, the first buffer layer 115 may include a material
different from that of the second buffer layer 120.

[0042] The semiconductor device may be disposed on the
second buffer layer 120. Although only one semiconductor
device is shown in FIGS. 1 and 2, a plurality semiconductor
device may be disposed in the pixel region II. These semi-
conductor devices may serve as switching devices and driving
devices of the organic light emitting display device 100. In
example embodiments, each of the semiconductor devices
may include the active pattern 125, the first gate insulation
layer 130, the second gate insulation layer 135, the gate
structure having the first and the second gate electrodes 142
and 146, the source electrode 137 and the drain electrode 138.
Here, a second insulating interlayer 160 and a third insulating
interlayer 165 may be interposed among the gate structure,
the source electrode 137 and the drain electrode 138.

[0043] As illustrated in FIG. 2, the active pattern 125 and
the first lower electrode 126 may be positioned on the second
buffer layer 120. In example embodiments, each of the active
pattern 125 and the first lower electrode 126 may include a
material containing silicon. For example, the active pattern
125 and the first lower electrode 126 may include polysilicon.
Here, the first lower electrode 126 of the first capacitor may
additionally include P+ type impurities such as boron (B),
gallium (Ga), indium (In), etc. The active pattern 125 may be
located on a portion of the second buffer layer 120 in the pixel
region Il while the first lower electrode 126 may be positioned
on a portion of the second buffer layer 120 in the transparent
region 1.

[0044] The first gate insulation layer 130 may be disposed
on the second buffer layer 120 to cover the active pattern 125
and the first lower electrode 126. For example, the first gate
insulation layer 130 may include silicon nitride, silicon
oxynitride, silicon oxide, metal oxide, etc. The first gate insu-
lation layer 130 may be disposed in the transparent and the
pixel regions I and II.

[0045] The second gate insulation layer 135 may be dis-
posed on the first gate insulation layer 130. For example, the
second gate insulation layer 135 may include silicon nitride,
silicon oxynitride, silicon oxide, metal oxide, etc. The second
gate insulation layer 135 may include a material different
from that of the first gate insulation layer 130. Alternatively,
the second gate insulation layer 135 may include a material
substantially the same as a material of the first gate insulation
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layer 130. In the transparent region I, portions of the first and
the second gate insulation layers 130 and 135 may serve as the
first dielectric structure of the first capacitor.

[0046] The first upper electrode 141 and the first gate elec-
trode 142 may be disposed on the second gate insulation layer
135. The first upper electrode 141 in the transparent region I
may be located on the first lower electrode 126 by interposing
the portions of the first and the second gate insulation layers
130 and 135 therebetween. The first gate electrode 142 in the
pixel region II is positioned on the active pattern 125 with
portions of the first and the second gate insulation layers 130
and 135 therebetween. The first upper electrode 141 and the
first gate electrode 142 may have areas substantially greater
than those of the first lower electrode 126 and the active
pattern 125, respectively. The first upper electrode 141 and
the first gate electrode 142 may be positioned at the same level
over the substrate 110. Further, each of the first upper elec-
trode 141 and the first gate electrode 142 may include a
material having a transmittance. For example, each of the first
upper electrode 141 and the first gate electrode 142 may
include a transparent conductive material such as indium tin
oxide, indium zinc oxide, zinc oxide, tin oxide, gallium oxide,
indium oxide, etc. When the first capacitor having the above-
described configuration is provided in the transparent region
T ofthe organic light emitting display device 100, the organic
light emitting display device 100 may ensure an improved
entire capacitance for all of the components thereof compared
to that of the conventional organic light emitting display
device without reducing the transmittance of the organic light
emitting display device 100.

[0047] Referring to FIG. 2 again, the second gate electrode
146 may be disposed on the first gate electrode 142. Thus, the
gate structure formed by the first and second gate electrodes
142, 146 of the semiconductor device may be provided over
the substrate 110 in the pixel region II. The second gate
electrode 146 may have an area substantially smaller than that
of the first gate electrode 142. The second gate electrode 146
may include metal, alloy, metal nitride, etc. For example, the
second gate electrode 146 may include aluminum, an alloy
containing aluminum, aluminum nitride, silver, an alloy con-
taining silver, tungsten, tungsten nitride, copper, an alloy
containing copper, nickel, chromium, chromium nitride,
molybdenum, an alloy containing molybdenum, titanium,
titanium nitride, platinum, tantalum, tantalum nitride, etc.
[0048] In example embodiments, the gate structure of the
semiconductor device may partially or entirely serve as the
second lower electrode of the second capacitor. In other
words, the second capacitor may be disposed on the semicon-
ductor device while the semiconductor device and the second
capacitor share the gate structure as an electrode. Addition-
ally, a wiring 143, which is adjacent to the first capacitor and
the semiconductor device, may be disposed on the second
gate insulation layer 135. The wiring 143 may have a multi-
layered structure that includes a first wiring pattern and a
second wiring pattern. In this case, the first and the second
wirings may include materials substantially the same as those
ofthe first and the second gate electrodes 142 and 146, respec-
tively. Alternatively, the wiring 143 may include one wiring
pattern. For example, the wiring 143 may include a scan line.
[0049] The first insulating interlayer 150 may be disposed
on the second gate insulation layer 135 while covering the
first upper electrode 141, the second gate electrode 146 and
the wiring 143. That is, the first insulating interlayer 150 may
be positioned in the transparent and the pixel regions I and II.
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For example, the first insulating interlayer 150 may include
silicon nitride, silicon oxide, silicon oxynitride, etc. In the
pixel region 11, a portion of the first insulating interlayer 150
located on the gate structure may serve as the second dielec-
tric structure of the second capacitor.

[0050] Inthe pixelregion II, the second upper electrode 155
may be disposed on the first insulating interlayer 150. The
second upper electrode 155 may be located on the second gate
electrode 146 by interposing the first insulating interlayer 150
therebetween. Hence, the second capacitor including the sec-
ond lower electrode, the second dielectric structure and the
second upper electrode 155 may be provided on the semicon-
ductor device. The second upper electrode 155 may include
metal, alloy, metal nitride, etc. For example, the second upper
electrode 155 may include aluminum, an alloy containing
aluminum, aluminum nitride, silver, an alloy containing sil-
ver, tungsten, tungsten nitride, copper, an alloy containing
copper, nickel, chromium, chromium nitride, molybdenum,
an alloy containing molybdenum, titanium, titanium nitride,
platinum, tantalum, tantalum nitride, etc.

[0051] As described above, the first capacitor may be dis-
posed in the transparent region I of the organic light emitting
display device 100 while the second capacitor may be verti-
cally arranged on the semiconductor device in the pixel
region II of the organic light emitting display device 100.
Therefore, the area of the pixel region 1 may be decreased
without reducing the transmittance of the organic light emit-
ting display device 100 while effectively providing a suffi-
cient capacitance for the components of the organic light
emitting display device 100.

[0052] Asillustrated in FIG. 1, a first lower wiring 157 and
asecond lower wiring 159 may be provided in the pixel region
11. The first lower wiring 157 may be electrically connected to
the semiconductor device, and the second lower wiring 159
may be connected to the first lower wiring 157 through a
contact. The first lower wiring 157 and the active pattern 125
may be positioned at the same level over the substrate 110. In
addition, the second lower wiring 159 and the first lower
electrode 126 may be positioned at the same level over the
substrate 110. Therefore, a power voltage EVLDD may be
applied to the first lower electrode 126 via the first lower
wiring 157 and the second lower wiring 159.

[0053] The second insulating interlayer 160 may be dis-
posedon the first insulating interlayer 150 to cover the second
upper electrode 155. For example, the second insulating inter-
layer 160 may include silicon nitride, silicon oxide, silicon
oxynitride, etc. The second insulating interlayer 160 may also
be disposed in the transparent and the pixel regions I and II.
[0054] The third insulating interlayer 165 may be located
on the second insulating interlayer 160. The third insulating
interlayer 165 may also be disposed in the transparent and the
pixel regions I and II. For example, the third insulating inter-
layer 165 may include silicon nitride, silicon oxide, silicon
oxynitride, etc. Alternatively, the third insulating interlayer
165 may be omitted in accordance with the material and/or
the dimension of the second insulating interlayer 160.
[0055] Asillustrated in FIG. 1, the source electrode 137 and
the drain electrode 138 may be disposed on the third insulat-
ing interlayer 165. For example, each of the source and the
drain electrodes 137 and 138 may include metal, alloy, metal
nitride, conductive metal oxide, etc. Further, the source elec-
trode 137 and the drain electrode 138 may pass through via
holes forming in the first to the third insulating interlayers
150, 160 and 165 and the first and the second gate insulation
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layers 130 and 135, so that the source electrode 137 and the
drain electrode 138 may make contact with a source region
and a drain region of the active pattern 125, respectively.

[0056] A first connection wiring 170 and a second connec-
tion wiring 172 may be disposed on the third insulating intet-
layer 165. The first and the second connection wirings 170
and 172 may be positioned at a level the same as that of the
source and the drain electrodes 137 and 138. A first contact
hole 167 and a second contact hole 169 may be provided
through the first to the third insulating interlayers 150, 160
and 165. The first contact hole 167 and the second contact
hole 169 may extend to and expose the second gate electrode
146 and the first upper electrode 141, respectively.

[0057] The first connection wiring 170 may extend on a
sidewall ofthe first contact hole 167 provided through the first
to the third insulating interlayers 150, 160 and 165, such that
the first connection wiring 170 may make contact with the
second gate electrode 146. Further, the first connection wiring
170 may extend into the transparent region I, and the first
connection wiring 170 may contact the first upper electrode
141 via the second contact hole 169 provided through the first
to the third insulating interlayers 150, 160 and 165. In other
words, the first capacitor may be electrically connected to the
semiconductor device via the first connection wiring 170.

[0058] The second connection wiring 172 adjacent to the
first connection wiring 170 may be located on the third insu-
lating interlayer 165. The second connection wiring 172 may
electrically connect the second upper electrode 155 of the
second capacitor to the first lower electrode 126 of the first
capacitor. For example, a first additional contact hole (not
illustrated) may be provided through the second the third
insulating interlayers 160 and 165 to expose a portion of the
second upper electrode 155. Further, a second additional con-
tact hole (not illustrated) exposing the first lower electrode
126 may be provided through the first to the third insulating
interlayers 155, 160 and 165 and the first and the second gate
insulation layers 130 and 135. The second connection wiring
172 may make contact with the second upper electrode 155
and the first lower electrode 126 through the first and the
second additional contact holes. Therefore, the first capacitor
may be electrically connected to the second capacitor via the
second connection wiring 172. For example, the first and the
second connection wirings 170 and 172 may include materi-
als substantially the same as those of the source and the drain
electrodes 137 and 138.

[0059] Referring to FIGS. 1 and 2 again, an insulation layer
175 may be disposed on the third insulating interlayer 165.
The insulation layer 175 may substantially cover the first
connection wiring 170, the second connection wiring 172, the
source electrode 137 and the drain electrode 138. The insu-
lation layer 175 may include an organic material. For
example, the insulation layer 175 may include polyimide-
based resin, photoresist, acryl-based resin, polyamide-based
resin, siloxane-based resin, etc. Alternatively, the insulation
layer 175 may include an inorganic material such as silicon
compound, metal oxide, etc.

[0060] In the pixel region II, the first electrode 180 may be
disposed on the insulation layer 175. The first electrode 180
may include metal, alloy, metal nitride, etc. For example, the
first electrode 180 may include aluminum, an alloy contain-
ing aluminum, silver, an alloy containing silver, tungsten,
tungsten nitride, copper, an alloy containing copper, nickel,
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chromium, chromium nitride, molybdenum, an alloy contain-
ing molybdenum, titanium, titanium nitride, tantalum, tanta-
lum nitride, etc.

[0061] A pixel defining layer 185 may be disposed on the
insulation layer 175. The pixel defining layer 185 may have
an opening that partially exposes the first electrode 180. The
luminescent region of the organic light emitting display
device 100 may be defined by the pixel defining layer 185
having such opening. The pixel defining layer 185 may
include an organic material. For example, the pixel defining
layer 185 may include polyimide-based resin, photoresist,
polyacryl-based resin, polyamide-based resin, acryl-based
resin, etc.

[0062] An organiclightemitting layer 190 may be disposed
on a portion of the first electrode 180 exposed by the opening
of the pixel defining layer 185. The organic light emitting
layer 190 may include different light emitting materials such
as a material generating a red color of light, a material gen-
erating a greed color of light or a material generating a blue
color of light in accordance with the pixels of the organic light
emitting display device 100. Alternatively, the organic light
emitting layer 190 may include a stack of these materials for
generating a white color of light.

[0063] The second electrode 195 may be disposed on the
organic light emitting layer 190 and the pixel defining layer
185. The second electrode 195 may include metal, alloy,
metal nitride, etc. For example, the second electrode 195 may
include aluminum, an alloy containing aluminum, silver, an
alloy containing silver, tungsten, tungsten nitride, copper, an
alloy containing copper, nickel, chromium, chromium
nitride, molybdenum, an alloy containing molybdenum, tita-
nium, titanium nitride, tantalum, tantalum nitride, etc. Thus,
the organic light emitting structure including the first elec-
trode 180, the organic light emitting layer 190 and the second
electrode 195 may be provided in the pixel region II.
Although it is not illustrated, an additional substrate such as a
transparent substrate, an encapsulation substrate or a window
may be disposed on the second electrode 195.

[0064] As for the conventional transparent organic light
emitting display device, the semiconductor device and the
capacitor are disposed in the pixel region II only, so that the
capacitance of the capacitor may not properly increased
because of the limited area of the pixel region I1. According to
example embodiments, the organic light emitting display
device 100 may include the main capacitor positioned in the
pixel region II and the auxiliary capacitor located in the
transparent region I. Therefore, the organic light emitting
display device 100 may ensure the sufficient capacitance of
the capacitors for the components thereof without increasing
the area of the pixel region II while maintaining the transmit-
tance of the organic light emitting display device 100.

[0065] FIGS. 3 10 9 are cross sectional views illustrating a
method of manufacturing an organic light emitting display
device in accordance with example embodiments. In FIGS. 3
to 9, like elements are denoted by like reference numerals as
FIGS. 1 and 2.

[0066] Referring to FIG. 3, a first buffer layer 115 and a
second buffer layer 120 may be formed on a substrate 110.
The substrate 110 may have a pixel region Il and a transparent
region 1. Images may be displayed in the pixel region II and
images of objects may be transmitted through the transparent
region I. For example, the substrate 110 may be formed using
a transparent insulation material.
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[0067] The first and the second buffer layers 115 and 120
may improve a flatness of the substrate 110 and also prevent
diffusion of impurities from the substrate 110. For example,
each of the first and the second buffer layers 115 and 120 may
be formed using silicon nitride, silicon oxynitride, silicon
oxide, etc. The first and the second buffer layers 115 and 120
may be formed using the same material. Alternatively, the
first and the second buffer layers 115 and 120 may be formed
using different materials.

[0068] An active pattern 125 ofa semiconductor device and
a first lower electrode 126 of a first capacitor may be formed
on the second buffer layer 120. In example embodiments, a
material layer (not illustrated) containing silicon may be
formed on the second buffer layer 120, and then the material
layer may be patterned to form the active pattern 125 in the
pixel region Il and to form the first lower electrode 126 in the
transparent region I. For example, the material layer may
include polysilicon. The first lower electrode 126 may have
an area substantially greater than an area of the active pattern
125. The material layer containing silicon may be formed on
the second buffer layer 120 by a chemical vapor deposition
process, plasma enhanced chemical vapor deposition pro-
cess, low pressure chemical vapor deposition process, high
density plasma chemical vapor deposition process, etc.

[0069] Referring to FIG. 4, a first gate insulation layer 130
may be formed on the second buffer layer 120 to cover the
active pattern 125 and the first lower electrode 126. The first
gate insulation layer 130 may be formed using silicon com-
pound or metal oxide. The first gate insulation layer 130 may
be conformally formed on the second buffer layer 120 along
profiles of the active pattern 125 and the first lower electrode
126.

[0070] A second gate insulation layer 135 may be formed
on the first gate insulation layer 130. The second gate insula-
tion layer 135 may be formed using silicon compound or
metal oxide. The first and the second gate insulation layers
130 and 135 may be formed using different materials, respec-
tively. Alternatively, the first and the second gate insulation
layers 130 and 135 may be formed using the same material.
Further, the second gate insulation layer 135 may be confor-
mally formed along a profile of the first gate insulation layer
130.

[0071] Referring to FIG. 5, a first electrode layer 140 may
be formed on the second gate insulation layer 135. In example
embodiments, the first electrode layer 140 may be formed
using a material having a transmittance. For example, the first
electrode layer 140 may be formed using a transparent con-
ductive material such as indium tin oxide, indium zinc oxide,
zinc oxide, tin oxide, gallium oxide, indium oxide, etc. The
first electrode layer 140 may be formed in the transparent and
the pixel regions I and II of the substrate 110.

[0072] A second electrode layer 145 may be formed on the
first electrode layer 140. The second electrode layer 145 may
be formed using metal, alloy, metal nitride, etc. For example,
the second electrode layer 145 may be formed using alumi-
num, an alloy containing aluminum, silver, an alloy contain-
ing silver, tungsten, tungsten nitride, copper, an alloy contain-
ing copper, nickel, chromium, chromium nitride,
molybdenum, an alloy containing molybdenum, titanium,
titanium nitride, platinum, tantalum, tantalum nitride, etc.
Alternatively, the second electrode layer 145 may be formed
using a material the same as a material of the first electrode
layer 140.
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[0073] Referring to FIG. 6, after an etching mask (not illus-
trated) may be provided on the second electrode layer 145, the
second electrode layer 145 may be patterned using the etch-
ing to thereby form a first upper electrode 141 of the first
capacitor, a gate structure of the semiconductor device and a
wiring 143 on the second gate insulation layer 135.

[0074] According to example embodiments, the first upper
electrode 141 may be positioned on the first lower electrode
126 by interposing portions of the first and the second gate
insulation layers 130 and 135 therebetween. In other words,
the portions the first and the second gate insulation layers 130
and 135 may serve as a first dielectric structure of the first
capacitor in the transparent region 1. Thus, the first capacitor
including the first lower electrode 126, the first dielectric
structure and the first upper electrode 141 may be formed on
the substrate 110 in the transparent region 1. Here, the first
upper electrode 141 may have an area substantially greater
than that of the first lower electrode 126. In the pixel region II,
the gate structure of the semiconductor device may include a
first gate electrode 142 and a second gate electrode 146. The
first gate electrode 142 may be located on the active pattern
125 by interposing portions of the first and the second gate
insulation layers 130 and 135 therebetween. The wiring 143
may be adjacent to the first capacitor and the semiconductor
device. For example, the wiring 143 may include scan lines.
[0075] In example embodiments, the first upper electrode
141, the wiring 143, the first gate electrode 142 and the
second gate electrode 146 may be formed by an etching
process using an etching mask such as a halftone mask or a
halftone slit mask. For example, a photoresist film (not illus-
trated) may be formed on the second electrode layer 145, and
then the photoresist film may be selectively exposed using the
etching mask and developed, so that the etching mask may be
provided on the second electrode layer 145. Here, a first
portion of the etching mask in the transparent region I may
have a thickness substantially larger than a thickness of a
second portion of the etching mask in the pixel region II. In
case that the etching process is performed about the second
electrode layer 145 and the first electrode layer 140 using the
etching mask such as the halftone mask or the halftone slit
mask, the first upper electrode 141, the wiring 143, the first
gate electrode 142 and the second gate electrode 146 may be
obtained in the transparent and the pixel regions [ and II,
respectively. In other words, the first upper electrode 141 of
the first capacitor, the wiring 143 and the gate structure of the
semiconductor device may be formed by one etching process,
so that an additional etching process for forming the first
capacitor in the transparent region [ may not be required.
[0076] According to example embodiments, impurities
may be implanted into the first lower electrode 126 using the
first upper electrode 141 as a mask. For example, p+ type
impurities such as boron (B), gallium (Ga) or indium (In) may
be implanted into the first lower electrode 126. In some
example embodiments, the impurities may be implanted into
the first lower electrode 126 while doping impurities into the
active pattern 125 using the gate structure as a mask to form
a source region and a drain region.

[0077] Referring to FIG. 7, a first insulating interlayer 150
may be formed on the second gate insulation layer 135 to
cover the first upper electrode 141, the second gate electrode
146 and the wiring 143. For example, the first insulating
interlayer 150 may be formed using silicon compound, metal
nitride, etc. The first insulating interlayer 150 may be formed
in the pixel region II and the transparent region I.
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[0078] After a second electrode layer (not illustrated) may
be formed on the first insulating interlayer 150, the second
electrode layer may be patterned to form a second upper
electrode 155 of a second capacitor on the second gate elec-
trode 146. The second electrode layer may be formed using
metal, alloy, metal nitride, conductive metal oxide, transpar-
ent conductive material, etc. For example, the second elec-
trode layer may be formed using aluminum, an alloy contain-
ing aluminum, aluminum nitride, silver, an alloy containing
silver, tungsten, tungsten nitride, copper, an alloy containing
copper, nickel, chromium, chromium nitride, molybdenum,
an alloy containing molybdenum, titanium, titanium nitride,
platinum, tantalum, tantalum nitride, zinc oxide, indium tin
oxide, tin oxide, indium oxide, gallium oxide, indium zinc
oxide, etc.

[0079] In example embodiments, the second capacitor in
the pixel region II may include a second lower electrode, a
second dielectric structure and the second upper electrode
155. The second lower electrode of the second capacitor may
be the gate structure of the semiconductor device, and the
second dielectric structure may include a portion of the first
insulating interlayer 150 positioned in the pixel region IT and
between the second lower electrode formed by the first and
second gate electrodes 142, 146 and the second upper elec-
trode 155. That is, the second capacitor may be formed on the
semiconductor device while the second capacitor and the
semiconductor device may share the gate structure as an
electrode.

[0080] Although it is not illustrated in FIG. 7, a second
lower wiring contacting a first lower wiring may be formed at
alevel the same as that of the active pattern 125 as described
with reference to FIG. 1. Here, the first lower wiring may be
electrically connected to the semiconductor device. Accord-
ingly, a power voltage EVLDD may be applied to the first
lower electrode 126 via the first and the second lower wirings.
[0081] Referring to FIG. 8, a second insulating interlayer
160 may be formed on the first insulating interlayer 150 to
cover the second upper electrode 155. For example, the sec-
ond insulating interlayer 160 may be formed using silicon
compound or metal nitride. The second insulating interlayer
160 may be formed using a material substantially the same as
or different from that of the first insulating interlayer 150. The
second insulating interlayer 160 may be formed in the trans-
parent and the pixel regions I and II.

[0082] A third insulating interlayer 165 may be formed on
the second insulating interlayer 160. For example, the third
insulating interlayer 165 may be formed using silicon com-
pound or metal nitride. The third insulating interlayer 165
may be formed using a material substantially the same as or
different from that of the second insulating interlayer 160
and/or that of the first insulating interlayer 150. The third
insulating interlayer 165 may also be formed in the transpar-
ent and the pixel regions [ and IL.

[0083] A first connection wiring 170 may be formed on the
third insulating interlayer 165. In example embodiments, a
first contact hole 167 and a second contact hole 169 may be
formed by partially removing the third insulating interlayer
165, the second insulating interlayer 160 and the first insu-
lating interlayer 150. The first contact hole 167 and the second
contact hole 169 may extend to and expose the second gate
electrode 146 of the semiconductor device and the first upper
electrode 141 of the first capacitor, respectively. A conductive
layer (not illustrated) may be formed on the third insulating
interlayer 165 to fill the first and the second contact holes 167,
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169, and then the conductive layer may be patterned to form
the first connection wiring 170 which may be electrically
connected to the first upper electrode 141 and the second gate
electrode 146. Therefore, the semiconductor device in the
pixel region 1T may be electrically connected to the first
capacitor in the transparent region I via the first connection
wiring 170. For example, the conductive layer may be formed
using a transparent conductive material, metal, alloy, metal
nitride, conductive metal oxide, etc.

[0084] Although it is not illustrated in FIG. 8, a source
electrode and a drain electrode may be formed on the third
insulating interlayer 165 in the pixel region II as described
with reference to FIG. 1. For example, each of the source and
the drain electrodes may be formed using metal, alloy or
metal nitride. The source and the drain electrodes may make
contact with the source and the drain regions of the active
pattern 125, respectively. Further, a second connection wiring
adjacent to the first connection wiring 170 may be formed at
alevel the same as that of the source and the drain electrodes.
The second connection wiring contacting the second upper
electrode 155 may extend into an additional contact hole
extending to and exposing the first lower electrode 126, so
that the second connection wiring may electrically connect
the second upper electrode 155 of the second capacitor to the
first lower electrode 126 of the first capacitor.

[0085] Referring to FIG. 9, an insulation layer 175 may be
formed on the third insulating interlayer 165 to cover the first
connection wiring 170. The insulation layer 175 may be
formed using an organic material. For example, the insulation
layer 175 may be formed using photoresist, acryl-based resin,
polyimide-based resin, polyamide-based resin, siloxane-
based resin, etc. In example embodiments, the insulation
layer 175 may be formed in the pixel region II only. For
example, the insulation layer 175 may be formed onto a
boundary between the pixel region II and the transparent
region 1.

[0086] In the pixel region II, a first electrode 180 may be
formed on the insulation layer 175. The first electrode 180
may be formed using metal, alloy, metal nitride, conductive
metal oxide, etc. A contact hole (not illustrated) exposing the
drain electrode of the semiconductor device may be formed
through the insulation layer 175, and then the first electrode
180 may be formed on the exposed drain electrode, a sidewall
of the contact hole and the insulation layer 175.

[0087] A pixel defining layer 185 may be formed on the
insulation layer 175 to cover the first electrode 180. The pixel
defining layer 185 may be partially removed to form an open-
ing exposing a portion of the first electrode 180. The pixel
defining layer 185 may be formed using an organic material
or an inorganic material. For example, the pixel defining layer
185 may be formed from the pixel region II to the boundary
between the pixel region II and the transparent region 1.
[0088] Referring to FIG. 9 again, an organic light emitting
layer 190 may be formed on a portion of the first electrode 180
exposed by the opening of the pixel defining layer 185. For
example, the organic light emitting layer 190 may be obtained
by sequentially stacking an organic light emitting layer (EL),
a hole injection layer (HIL), a hole transfer layer (HTL), an
electron transfer layer (ETL) and an electron injection layer
(ELL) on the exposed portion of the first electrode 180.
[0089] A second electrode 195 may be formed on the pixel
defining layer 185 and the organic light emitting layer 190.
The second electrode 195 may be formed using metal, alloy,
metal nitride, conductive metal oxide, etc. As the formation of
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the second electrode 195, an organic light emitting structure
including the first electrode 180, the organic light emitting
layer 190 and the second electrode 195 may be formed in the
pixel region II. An additional substrate such as a transparent
substrate, a window or an encapsulation substrate may be
formed on the second electrode 190.

[0090] FIG. 10 is a cross sectional view illustrating an
organic light emitting display device in accordance with some
example embodiments. It will be omitted the descriptions of
elements substantially the same as those described with ref-
erence to FIGS. 1 and 2.

[0091] Referring to FIG. 10, an organic light emitting dis-
play device 200 may include a semiconductor device pro-
vided on a substrate 210 having a first buffer layer 215 and a
second buffer layer 220, a first capacitor, a second capacitor,
an organic light emitting structure, etc.

[0092] The semiconductor device may be located in a pixel
region II of the organic light emitting display device 200, and
may include an active pattern 225, a first gate insulation layer
230, a second gate insulation layer 235, a gate electrode 246,
a source electrode (not illustrated) and a drain electrode (not
illustrated). In a transparent region I of the organic light
emitting display device 200, the first capacitor may include a
first lower electrode 226, a first dielectric structure and a first
upper electrode 241. For example, the first lower electrode
226 may include polysilicon doped with impurities. The first
dielectric structure may include portions of the first and the
second gate insulation layers 230 and 235 positioned in the
transparent region . In the pixel region I, the second capaci-
tor may include a second lower electrode, a second dielectric
structure and a second upper electrode 255. The organic light
emitting structure may include a first electrode 280, an
organic light emitting layer 290 and a second electrode 295.
The second lower electrode of the second capacitor may be
the gate electrode 246 of the semiconductor device, and the
second dielectric structure may include a portion of a first
insulating interlayer 250 located in the pixel region II.

[0093] As illustrated in FIG. 10, the first upper electrode
241 and the gate electrode 246 may be disposed on the first
and the second gate insulation layers 230 and 235 under
which the first lower electrode 226 and the active pattern 225
are positioned. The first upper electrode 241 may include a
transparent conductive material, and the gate electrode 246
may include metal, alloy, metal nitride, conductive metal
oxide, etc. Alternatively, the gate electrode 246 may also
include a transparent conductive material. A wiring 243 adja-
cent to the gate electrode 246 may be disposed on the second
gate insulation layer 235. For example, the wiring 243 may
include a material substantially the same as that of the gate
electrode 246. The semiconductor device illustrated in FIG.
10 may include a gate structure composed of the gate elec-
trode 246, so that the semiconductor device may have a con-
figuration simpler than that of the semiconductor device
described with reference to FIG. 2.

[0094] Thefirstinsulating interlayer 250 may cover the first
upper electrode 241, the wiring 243 and the gate electrode
246. The first insulating interlayer 250 may be positioned on
the second gate insulation layer 235. The second upper elec-
trode 255 may be located on a portion of the first insulating
interlayer 250 where the gate electrode 246 is positioned. A
second insulating interlayer 260 and a third insulating inter-
layer 265 may be sequentially disposed on the first insulating
interlayer 250 and the second upper electrode 255.
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[0095] A first connection wiring 270 may make contact
with the first upper electrode 241 and the gate electrode 246
via a first contact hole 267 and a second contact hole 269
formed through the first to the third insulating interlayers 250,
260 and 265. An insulation layer 275 may be disposed on the
third insulating interlayer 265 and the first connection wiring
270.

[0096] In the pixel region II, the first electrode 280 may be
disposed on the insulation layer 275, and a pixel defining
layer 285 may be positioned on the insulation layer 275 and
the first electrode 280. The pixel defining layer 285 may have
an opening that partially exposes the first electrode 280. The
organic light emitting layer 290 may be disposed on the
exposed first electrode 280, and the second electrode 295 may
be located on the pixel defining layer 285 and the organic light
emitting layer 290. A transparent substrate, a window and/or
an encapsulation substrate may be selectively disposed on the
second electrode 295.

[0097] FIGS.11 to 15 are cross sectional views illustrating
a method of manufacturing an organic light emitting display
device in accordance with some example embodiments. The
method illustrated in FIGS. 11 to 15 may provide an organic
light emitting display device having a configuration substan-
tially the same as or similar to that of the organic light emit-
ting display device 200 in FIG. 10.

[0098] Referring to FIG. 11, a first buffer layer 215 and a
second buffer layer 220 may be formed on a substrate 210,
and then an active pattern 225 and a first lower electrode 226
may be formed on the second buffer layer 220. The first lower
electrode 226 and the active pattern 225 may be positioned in
a transparent region [ and a pixel region II of an organic light
emitting display device.

[0099] A first gate insulation layer 230 and a second gate
insulation layer 235 may be successively formed on the sec-
ond buffer layer 220, the active pattern 225 and the first lower
electrode 226. For example, each of the first and the second
gate insulation layers 230 and 235 may be formed using the
same material or the first and the second gate insulation layers
230 and 235 may be formed using different materials, respec-
tively. Alternatively, only one of the first and the second gate
insulation layers 230 and 235 may be formed on the second
buffer layer 220.

[0100] A first electrode layer 240 may be formed on the
second gate insulation layer 235. In example embodiments,
the first electrode layer 240 may be formed using a material
having a transmittance such as an indium tin oxide, indium
zine oxide, zinc oxide, tin oxide, gallium oxide, indium oxide,
etc.

[0101] Referring to FIG. 12, the first electrode layer 240
may be patterned to form a first upper electrode 241 on a
portion of the second gate insulation layer 235 in the trans-
parent region 1. The first upper electrode 241 may be located
on the first lower electrode 226 by interposing the first and the
second gate insulation layers 230 and 235 therebetween.
Accordingly, a first capacitor including the first lower elec-
trode 226, a first dielectric structure (i.e., portions of the first
and the second gate insulation layers 230 and 235 in the
transparent region I) and the first upper electrode 241 may be
provided in the transparent region I of the organic light emit-
ting display device.

[0102] A second electrode layer 245 may be formed on the
first upper electrode 241 and the second gate insulation layer
235. For example, the second electrode layer 245 may be
formed using metal, alloy, metal nitride, etc. Alternatively, the
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second electrode layer 245 may be formed using a material
substantially the same as that of the first electrode layer 240.
[0103] Referring to FIG. 13, the second electrode layer 245
may be patterned to form a gate electrode 246 and a wiring
243 in the pixel region II. The gate electrode 246 may be
formed on the active pattern 225 by interposing the first and
the second gate insulation layers 230 and 235 therebetween.
The wiring 243 may be formed on the second gate insulation
layer 235. The wiring 243 may adjacent to the first upper
electrode 241 and the gate electrode 246. In some example
embodiments, the first upper electrode 241 and the gate elec-
trode 246 may be obtained a relatively simple etching process
without a halftone mask or a halftone slit mask. The semi-
conductor device may include the gate electrode 246 having a
simple configuration obtained by simplified processes, such
that the organic light emitting display device may also have a
simple configuration while ensuring a sufficient capacitance
for components thereof.

[0104] A first insulating interlayer 250 may be formed on
the first upper electrode 241, the wiring 243, the gate elec-
trode 246 and the second gate insulation layer 235. For
example, the first insulating interlayer 250 may be formed
using silicon compound. The first insulating interlayer 250
may be conformally formed on the second gate insulation
layer 235 along profiles of the first upper electrode 241, the
wiring 243 and the gate electrode 246.

[0105]  After forming a conductive layer (not illustrated) on
the first insulating interlayer 250, the conductive layer may be
patterned to form a second upper electrode 255 on a portion of
the first insulating interlayer 250 under which the gate elec-
trode 246 1s located. For example, the conductive layer may
be formed using metal, alloy, metal nitride, etc. Thus, a sec-
ond capacitor including a second lower electrode (i.e., the
gate electrode 246), a second dielectric structure (i.e., a por-
tion of the first insulating interlayer 250 in the pixel region II)
and the second upper electrode 255 may be provided in the
pixel region II.

[0106] Referring to FIG. 14, a second insulating interlayer
260 and a third insulating interlayer 265 may be additionally
formed on the second upper electrode 255 and the first insu-
lating interlayer 250. Alternatively, one of the second insu-
lating interlayer 260 and the third insulating interlayer 265
may be formed on the first insulating interlayer 250 to cover
the second upper electrode 255. For example, the second and
the third insulating interlayers 260 and 265 may be formed
using different materials, or each of the second and the third
insulating interlayers 260 and 265 may be formed using the
same material.

[0107] Although it is not illustrated in FIG. 14, a source
electrode and a drain electrode may be formed on the third
insulating interlayer 265. The source electrode and the drain
electrode may pass through the third to the first insulating
interlayers 265, 260 and 250 and the second and the first gate
insulation layers 235 and 230, and then make contact with a
source region and a drain region of the active pattern 225,
respectively.

[0108] A first connection wiring 270 may be formed on the
third insulating interlayer 265. The first connection wiring
270 may contact the gate electrode 246 and the first upper
electrode 241 via the first and the second contact holes 267
and 269 formed through the first to the third insulating inter-
layers 250, 260 and 265. Hence, the semiconductor device
may be electrically connected to the first capacitor via the first
connection wiring 270. Although it is not illustrated, a second
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connection wiring adjacent to the first connection wiring 270
may be formed on the third insulating interlayer 265. The
second connection wiring may make contact with the second
upper electrode 255 and the first lower electrode 226 through
additional contact holes, so that the second capacitor may be
electrically connected to the first capacitor.

[0109] Referring to FIG. 15, an insulation layer 275 may be
formed on the first connection wiring 270 and the third insu-
lating interlayer 265, and a first electrode 280 may be formed
ontheinsulation layer 275. Here, the insulation layer 275 may
have a substantially flat upper face. A pixel defining layer 285
may be formed on the first electrode 280 and the insulation
layer 275. The pixel defining layer 285 may be partially
removed to form an opening that exposes a portion of the first
electrode 280. An organic light emitting layer 290 may be
formed on the exposed portion of the first electrode 280, and
then a second electrode 295 may be formed on the organic
light emitting layer 290 and the pixel defining layer 285.
Hence, an organic light emitting structure including the first
electrode 280, the organic light emitting layer 290 and the
second electrode 295 may be provided in the pixel region II.
A transparent substrate, a window and/or an encapsulation
substrate may be additionally formed on the second electrode
295.

[0110] FIG. 16 is a plan view illustrating an organic light
emitting display device 300 in accordance with some
example embodiments. FIG. 17 is a cross sectional view
illustrating the organic light emitting display device 300
taken along a line of B-B' in FIG. 16. In the organic light
emitting display device 300 illustrated in FIGS. 16 and 17, 1t
will be omitted detailed description for elements substantially
the same as those described with reference to FIGS. 1 and 2.
Referring to FIGS. 16 and 17, the organic light emitting
display device 300 may include a substrate having a pixel
region Il and a transparent region I, a semiconductor device,
a capacitor, an organic light emitting structure, etc.

[0111] The semiconductor device and the organic light
emitting structure may be located in the pixel region IT and the
capacitor may be positioned in the transparent region 1. That
is, the organic light emitting display device 300 may include
the capacitor disposed in the transparent region I without a
capacitor in the pixel region I1. Thus, the organic light emit-
ting display device 300 may have a simple configuration
while ensuring a capacitance for components including the
semiconductor device and the organic light emitting struc-
ture.

[0112] The semiconductor device may include, an active
pattern 325, a first gate insulation layer 330, a second gate
insulation layer 335, a gate structure having a first gate elec-
trode 342 and a second gate electrode 346, a source electrode
337 and a drain electrode 338. The organic light emitting
structure may be electrically connected to the semiconductor
device. The organic light emitting structure may include a
first electrode 375, an organic light emitting layer 385 and a
second electrode 390. Additionally, the capacitor electrically
contacting the semiconductor device may include a lower
electrode 326, a dielectric structure and an upper electrode
341. Here, the dielectric structure may include portions of the
first and the second gate insulation layers 330 and 335 posi-
tioned in the transparent region I.

[0113] A firstbufferlayer 315 and a second buffer layer 320
may be successively disposed on the substrate 310. The semi-
conductor device and the capacitor may be provided on the
second buffer layer 320. The first and the second gate insula-
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tion layers 330 and 335 may be sequentially formed on the
second buffer layer 320, the active pattern 325 and the lower
electrode 326. As illustrated in FIG. 16, a first lower wiring
329 may be electrically connected to the semiconductor, and
asecond lower wiring 327 may be connected to the first lower
wiring 329 through a contact. The second lower wiring 327
and the active pattern 325 may be positioned at the same level
over the substrate 310. Hence, a power voltage ELVDD
applied to the first lower wiring 329 may be transmitted to the
active pattern 325 and the lower electrode 326 via the second
lower wiring 327.

[0114] The upper electrode 341, a wiring 343 and the first
gate electrode 342 may be disposed on the second gate insu-
lation layer 335, and the second gate electrode 346 may be
located on the first gate electrode 342. Thus, the capacitor
including the lower electrode 326, the dielectric structure
(i.e., the portions of the first and the second gate insulation
layers 330 and 335 in the transparent region I) and the upper
electrode 341 may be provided in the transparent region I. For
example, the lower electrode 326 may include polysilicon
doped with impurities and the upper electrode 341 may
include a transparent conductive material.

[0115] A first insulating interlayer 350 may be disposed on
the second gate insulation layer 335 to cover the upper elec-
trode 341, the wiring 343 and the second gate electrode 346.
A second insulating interlayer 355 and a third insulating
interlayer 360 may be sequentially disposed on the first insu-
lating interlayer 350. Alternatively, one or two of the first to
the third insulating interlayers 350, 355 and 360 may be
omitted in accordance with materials and/or dimensions
thereof. A first contact hole 362 and, a second contact hole
364 may be provided through the first to the third insulating
interlayers 350, 355 and 360. The first contact hole 362 and
the second contact hole 364 may extend to and expose the
second gate electrode 346 and the upper electrode 341,
respectively.

[0116] A connection wiring 365 may be disposed on the
third insulating interlayer 360, and may be electrically con-
nected to the second gate electrode 346 and the upper elec-
trode 341 through the first and the second contact holes 362
and 364. Thus, the semiconductor device may be electrically
connected to the capacitor. An insulation layer 370 may be
located on the third insulating interlayer 360 to cover the
connection wiring 365. The first electrode 375 may be dis-
posed on a portion of the insulation layer 370 in the pixel
region II.

[0117] A pixel defining layer 380 may be disposed on the
first electrode 375 and the insulation layer 370. The pixel
defining layer 380 may have an opening that partially exposes
the first electrode 375. The organic light emitting layer 385
may be positioned on the exposed first electrode 375 in the
opening ofthe pixel defining layer 380. The second electrode
390 may be disposed on the organic light emitting layer 385
and the pixel defining layer 380. Hence, the organic light
emitting structure may be provided over the semiconductor
device in the pixel region II.

[0118] As described above, the organic light emitting dis-
play device 300 may include the capacitor disposed in the
transparent region I, such that the organic light emitting dis-
play device 300 may have a sufficient capacitance for the
components by adjusting the dimensions of the capacitor
without reducing the transmittance thereof.
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[0119] FIGS. 18 to 21 are cross sectional views illustrating
a method of manufacturing an organic light emitting display
device in accordance with some example embodiments.

[0120] Referring to FIG. 18, after successively forming a
first buffer layer 315 and a second buffer layer 320 on a
substrate 310, an active pattern 325 and a lower electrode 326
may be formed on the second buffer layer 320. The active
pattern 325 and the lower electrode 326 may be formed in a
pixel region II and a transparent region 1. Here, the lower
electrode 326 may be formed using polysilicon, and then p+
type impurities may be implanted into the lower electrode
326.

[0121] A first gate insulation layer 330 covering the active
pattern 325 and the lower electrode 326 may be formed on the
second buffer layer 320. A second gate insulation layer 335
may be formed on the first gate insulation layer 330. Alterna-
tively, one of the first and the second gate insulation layers
330 and 335 may be formed on the second buffer layer 320.

[0122] A first electrode layer 340 and a second electrode
layer 345 may be sequentially formed on the second gate
insulation layer 335. For example, the first electrode layer 340
may be formed using a transparent conductive material and
the second electrode layer 345 may be formed using metal,
alloy, metal nitride, etc.

[0123] Referring to FIG. 19, the second electrode layer 345
and the first electrode layer 340 may be patterned by an
etching process using a halftone mask or a halftone slit mask,
so that an upper electrode 341, a first gate electrode 342, a
second gate electrode 346 and a wiring 343 may be formed on
the second gate insulation layer 335.

[0124] A first insulating interlayer 350 may be formed on
the second gate insulation layer 335 to cover the upper elec-
trode 341, the second gate electrode 346 and the wiring 343.
A second insulating interlayer 355 and a third insulating
interlayer 360 may be successively formed on the first insu-
lating interlayer 350. In some example embodiments, one or
two of the first to the third insulating interlayers 350, 355 and
360 may be formed on the second gate insulation layer 335.

[0125] Portions of the first to the third insulating interlayers
350, 355 and 360 may be etched to form a first contact hole
362 extending to and exposing the second gate electrode 346
and a second contact hole 364 extending to and exposing the
upper electrode 341. A connection wiring 365 may be formed
on the third insulating interlayer 360, and may extend into the
first and the second contact holes 362 and 364 to thereby
make contact with the second gate electrode 346 and the
upper electrode 341. Although it is not illustrated, a source
electrode and a drain electrode may be formed on the third
insulating interlayer 360. The source electrode and the drain
electrode may pass through the third to the first insulating
interlayers 360, 355 and 350 and the second and the first gate
insulation layers 335 and 330 to make contact with a source
region and a drain region of the active pattern 325, respec-
tively.

[0126] Referring to FIG. 20, a connection wiring 365 may
be formed on the third insulating interlayer 360. The connec-
tion wiring 365 may extend into a first contact hole 362 and a
second contact hole 364 formed through the third to the first
insulating interlayers 360, 355 and 350. The first contact hole
362 and the second contact hole 364 may extending to and
expose the second gate electrode 346 and the upper electrode
341. Thus, the connection wiring 365 may electrically con-
nect a semiconductor device to a capacitor.
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[0127] Referring to FIG. 21, an insulation layer 370 cover-
ing the connection wiring 365 may be formed on the third
insulation layer 360. A first electrode 375 may be formed on
the insulation layer 370 in the pixel region II, and then a pixel
defining layer 380 may be formed on the first electrode 375
and the insulation layer 370. The pixel defining layer 380 may
be partially etched to form an opening that extends to and
exposes a portion of the first electrode 375.

[0128] An organic light emitting layer 385 may be formed
on the exposed portion of the first electrode 375, and a second
electrode 390 may be formed on the organic light emitting
layer 385 and the pixel defining layer 380. An additional
substrate such as a transparent substrate, a window and/or an
encapsulation substrate may be formed on the second elec-
trode 390.

[0129] FIG. 22 is a cross sectional view illustrating an
organic light emitting display device 400 in accordance with
some example embodiments. In the organic light emitting
display device 400 illustrated in FIG. 22, it will be omitted
detailed descriptions of elements substantially the same as
those illustrated in FIGS. 1 and 2. The organic light emitting
display device 400 in FIG. 22 may have a configuration
substantially the same as or similar to that of the organic light
emitting display device 300 described with reference to FIG.
17 except for a semiconductor device.

[0130] Referring to FIG. 22, the organic light emitting dis-
play device 400 may include a semiconductor device, a
capacitor and an organic light emitting structure, which are
provided on a substrate 410. The capacitor may be located in
a transparent region I while the semiconductor device and the
organic light emitting structure may be positioned in a pixel
region I1. Thus, the organic light emitting display device 400
may have a sufficient capacitance without reducing a trans-
mittance thereof while the organic light emitting display
device 400 may have a simple configuration.

[0131] The semiconductor device may include an active
pattern 425, a first gate insulation layer 430, a second gate
insulation layer 435, a gate electrode 446, a source electrode
(not illustrated) and a drain electrode (not illustrated). That is,
the semiconductor device may include a gate structure com-
posed of one gate electrode 446. The organic light emitting
structure may include a first electrode 475, an organic light
emitting layer 485 and a second electrode 490. The capacitor
may include a lower electrode 426, a dielectric structure and
an upper electrode 441. In this case, the dielectric structure
may include portions of the first and the second gate insula-
tion layers 430 and 435 located in the transparent region 1.
[0132] The semiconductor device and the capacitor may be
arranged on the substrate 410 having a first buffer layer 415
and a second buffer layer 420 thereon. A first insulating
interlayer 450, a second insulating interlayer 455 and a third
insulating interlayer 460 may be sequentially disposed on the
second gate insulation layer 435 to cover the upper electrode
441, a wiring 443 and the gate electrode 446. A first contact
hole 462 and a second contact hole 464 may be provided
through the first to the third insulating interlayer 450, 455 and
460. The first contact hole 462 may extend to and partially
expose the gate electrode 446 and the second contact hole 464
may extend to and partially expose the upper electrode 441. A
connection wiring 465 may extend from an upper face of the
third insulating interlayer 460 into the first and the second
contact holes 462 and 464, so that the connection wiring 465
may contact the gate electrode 446 and the upper electrode
441.
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[0133] Inthe pixel region II, an insulation layer 470 cover-
ing the connection wiring 465 may be disposed on the third
insulating interlayer 460, and the first electrode 475 contact-
ing a drain electrode of the semiconductor device may be
located on the insulation layer 470 in the pixel region II. A
pixel defining layer 480 having an opening exposing the first
electrode 475 may be disposed on the insulation layer 470.
The organic light emitting layer 485 may be positioned on the
exposed first electrode 475. The second electrode 490 may be
located on the organic light emitting layer 485 and the pixel
defining layer 480.

[0134] FIGS. 23 to 26 are cross sectional views illustrating
a method of manufacturing an organic light emitting display
device in accordance with some example embodiments.

[0135] Referring to FIG. 23, a first buffer layer 415 and a
second buffer layer 420 may be successively formed on a
substrate 410, and then an active pattern 425 and a lower
electrode 426 may be formed on the second buffer layer 420.
The active pattern 425 and the lower electrode 426 may be
positioned in a pixel region I1 and a transparent region 1. A
first gate insulation layer 430 and a second gate insulation
layer 435 may be sequentially formed on the second buffer
layer 420 to cover the active pattern 425 and the lower elec-
trode 426.

[0136] A first electrode layer 440 may be formed on the
second gate insulation layer 435. For example, the first elec-
trode layer 440 may be formed using a transparent material
such as indium tin oxide, indium zinc oxide, zinc oxide, tin
oxide, gallium oxide, indium oxide, etc.

[0137] Referring to FIG. 24, the first electrode layer 440
may be patterned to form an upper electrode 441 on a portion
of the second gate insulation layer 435 in the transparent
region . Thus, a capacitor including the lower electrode 426,
a dielectric structure (i.e., portions of the first and the second
gate insulation layers 430 and 435 in the transparent region I)
and the upper electrode 441 may be formed in the transparent
region 1.

[0138] A second electrode layer (not illustrated) may be
formed on the second gate insulation layer 435 to cover the
upper electrode 441, and then the second electrode layer may
be patterned to form a gate electrode 446 and a wiring 443 on
a portion of the second gate insulation layer 435 in the pixel
region II.

[0139] Referring to FIG. 25, a first insulating interlayer 450
may be formed on the second gate insulation layer 435 to
cover the upper electrode 441, the wiring 443 and the gate
electrode 446. A second insulating interlayer 455 and a third
insulating interlayer 460 may be sequentially formed on the
first insulating interlayer 450. Alternatively, one or two of the
first to the third insulating interlayers 450, 455 and 460 may
be formed on the second gate insulation layer 435. Although
it is not illustrated, a source electrode and a drain electrode of
asemiconductor device may be formed on the third insulating
interlayer 460.

[0140] The third to the first insulating interlayers 460, 455
and 450 may be partially etched to form a first contact hole
462 extending to and partially exposing the gate electrode 446
and a second contact hole 464 extending to and partially
exposing the upper electrode 441. A connection wiring 465
may be formed on the third insulating interlayer 460, a side-
wall of the first contact hole 462, an exposed portion of the
gate electrode 446, a sidewall of the second contact hole 464
and an exposed portion of the upper electrode 441. Such
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connection wiring 465 may electrically connect the semicon-
ductor device to the capacitor.

[0141] Referring to FIG. 26, an insulation layer 470 may be
formed on the third insulating interlayer 460 to cover the
connection wiring 465. A first electrode 475 may be formed
ontheinsulation layer 470, and then a pixel defining layer 480
may be formed on the insulation layer 470 to cover the first
electrode 475. The pixel defining layer 480 may be partially
etched to form an opening that extends to and exposes a
portion of the first electrode 475. An organic light emitting
layer 485 may be formed on the exposed portion of the first
electrode 475, and then a second electrode 490 may be
formed on the organic light emitting layer 485 and the pixel
defining layer 480. Additionally, a transparent substrate, a
window and/or an encapsulation substrate may be formed on
the second electrode 490.

[0142] The organic light emitting display device according
to example embodiments may be employed in various electric
or electronic apparatuses. For example, the organic light
emitting display device having the above-described configu-
ration may be employed in a display apparatuses for automo-
biles, aircrafts, vessels, portable electronic appliances, dis-
play apparatuses for various goods and/or information,
display apparatuses for medical use, etc.

[0143] 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 modifica-
tions are possible in the example embodiments without mate-
rially departing from the novel teachings and advantages of
the present inventive concept. Accordingly, all such modifi-
cations 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.

What is claimed is:
1. An organic light emitting display device comprising:
a substrate having a pixel region and a transparent region;

a first capacitor disposed in the transparent region of the
substrate;

asemiconductor device disposed in the pixel region of the
substrate;

a second capacitor disposed on the semiconductor device;
and

an organic light emitting structure disposed on the second
capacitor.

2. The organic light emitting display device of claim 1,
wherein the semiconductor device comprises:
an active pattern disposed on the substrate;

a gate insulation layer disposed on the active pattern, the
gate insulation layer extending to the transparent region;

a gate structure disposed on the gate insulation layer;

a source electrode contacting a source region of the active
pattern; and

a drain electrode contacting a drain region of the active
pattern.
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3. The organic light emitting display device of claim 2,
wherein the first capacitor comprises:

a first lower electrode disposed on the substrate;

a first dielectric structure disposed on the first lower elec-

trode; and

a first upper electrode disposed on the first dielectric struc-

ture.

4. The organic light emitting display device of claim 3,
wherein the first lower electrode includes polysilicon doped
with impurities.

5. The organic light emitting display device of claim 3,
wherein the first dielectric structure includes a portion of the
gate insulation layer positioned in the transparent region.

6. The organic light emitting display device of claim 3,
wherein the gate structure of the semiconductor device com-
prises a first gate electrode disposed on the gate insulation
layer, and a second gate electrode disposed on the first gate
electrode.

7. The organic light emitting display device of claim 6,
wherein the first upper electrode includes a material same as
a material of the first gate electrode.

8. The organic light emitting display device of claim 3,
wherein the second capacitor comprises:

a second lower electrode;

a second dielectric structure disposed on the second lower

electrode; and

a second upper electrode disposed on the second dielectric

structure.

9. The organic light emitting display device of claim 8,
wherein the second lower electrode of the second capacitor is
the gate structure of the semiconductor device.

10. The organic light emitting display device of claim 8,
wherein the second dielectric structure includes a portion of
an insulating interlayer disposed on the gate structure.

11. The organic light emitting display device of claim 1,
further comprising:

at least one insulating interlayer disposed on the second

capacitor; and

a first connection wiring disposed on the at least one insu-

lating interlayer, wherein the first connection wiring
electrically connects the semiconductor device to the
first capacitor.

12. The organic light emitting display device of claim 11,
further comprising a second connection wiring disposed on
the at least one insulating interlayer, wherein the second
connection wiring is adjacent to the first connection wiring
and the second connection wiring electrically connects the
first capacitor to the second capacitor.

13. A method of manufacturing an organic light emitting
display device, which comprises:

providing a substrate having a pixel region and a transpar-

ent region;

forming a semiconductor device in the pixel region of the

substrate;

forming a first capacitor in the transparent region of the

substrate;

forming a second capacitor on the semiconductor device;

and

forming an organic light emitting structure on the second

capacitor.

14. The method of manufacturing an organic light emitting
display device of claim 13, wherein forming of the semicon-
ductor device and forming of the first capacitor comprise:
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forming an active pattern of the semiconductor device and
a first lower electrode of the capacitor on the substrate;

forming a gate insulation layer on the active pattern and the
first lower electrode;

forming a first upper electrode of the first capacitor on the

gate insulation layer in the transparent region; and
forming a gate structure of the semiconductor device on the
gate insulation layer in the pixel region.

15. The method of manufacturing an organic light emitting
display device of claim 14, wherein forming of the first upper
electrode of the first capacitor and forming of the gate struc-
ture of the semiconductor device comprise:

forming a first electrode layer on the gate insulation layer;

forming a second electrode layer on the first electrode

layer; and

etching the first electrode layer and the second electrode

layer.

16. The method of manufacturing an organic light emitting
display device of claim 14, wherein forming of the first upper
electrode of the first capacitor and forming of the gate struc-
ture of the semiconductor device comprise:

forming a first electrode layer on the gate insulation layer;

forming the first upper electrode by patterning the first

electrode layer;

forming a second electrode layer on the gate insulation

layer; and

forming the gate structure by patterning the second elec-

trode layer.

17. The method of manufacturing an organic light emitting
display device of claim 14, wherein forming of the second
capacitor comprises:
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forming an insulating interlayer on the gate structure; and

forming a second upper electrode on the insulating inter-
layer.

18. The method of manufacturing an organic light emitting
display device of claim 13, further comprising:

forming at least one insulating interlayer on the second
capacitor; and

forming a first connection wiring on the at least one insu-
lating interlayer, wherein the first connection wiring
electrically connects the semiconductor device to the
first capacitor.

19. The method of manufacturing an organic light emitting
display device of claim 18, wherein forming the first connec-
tion wiring comprises:

forming a first contact hole and a second contact hole

through the at least one insulating interlayer, the first
contact hole exposing the gate structure and the second
contact hole exposing the first upper electrode; and
forming the first connection wiring on the gate structure
exposed through the first contact hole, a sidewall of the
first contact hole, the first upper electrode exposed
through the second contact hole, a sidewall of the second
contact hole, and the at least one insulating interlayer.

20. The method of manufacturing an organic light emitting
display device of claim 18, further comprising forming a
second connection wiring on the at least one insulating inter-
layer, wherein the second connection wiring electrically con-
nects the first capacitor to the second capacitor.

* ok %k



THMBW(EF)

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

HAT R E (TR AGE)

FRI& B A

KRN

IPCHRS

CPCHRF

L 5ER
HAh A TF 30k
HAEREEEE

E)

BNAAEREETNSEEAGEXRGMEAXFNER , RETER
HBEAXHPNE-—BRE , REEERNEEX S F SEHRMT
REEF¥SH ENE _BRR[BHFNREEFE _BRFLNANEKSE
o BNEAXEREEAUEREBNBRATIERFSBEENEFN
RAGHWNEH , MAENERRXENER , BEHREENALE RE

BHIES R,

BNAKXEREENFEENRXEREEN X

US20160043157A1 NI (»&E)B
US14/595930 RiEHR
ZEERAERLNA

=EDISPLAY CO., LTD.

=EDISPLAY CO., LTD.

PARK GYUNG SOON
KIM KEUM NAM
JEONG MIN JAE

PARK, GYUNG-SOON
KIM, KEUM-NAM
JEONG, MIN-JAE

HO1L27/32 HO1L29/786 HO1L49/02 HO1L51/56

patsnap

2016-02-11

2015-01-13

HO1L27/3265 HO1L27/3262 HO1L28/60 HO1L2227/323 HO1L27/3276 HO1L51/56 HO1L29/78645

HO1L27/1255

1020140100590 2014-08-05 KR

uUS9634077

Espacenet USPTO



https://share-analytics.zhihuiya.com/view/131480fa-4ff9-4e04-9d0e-579fc24de2e5
https://worldwide.espacenet.com/patent/search/family/055268019/publication/US2016043157A1?q=US2016043157A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220160043157%22.PGNR.&OS=DN/20160043157&RS=DN/20160043157

