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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. 10-2014-0090714,
filed on Jul. 18, 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 methods of manufacturing organic
light emitting display devices. More particularly, example
embodiments relate to organic light emitting display devices
including at least one capacitor having a dielectric structure
containing silicon oxynitride, and methods of manufacturing
the organic light emitting display devices.

[0004] 2. Description of the Related Art

[0005] Recently, a transparent organic light emitting dis-
play device has been rapidly developed. The transparent
organic light emitting display device may include a transpar-
ent region and an opaque region. In the transparent organic
light emitting display device, an image of an object before or
after a transparent region of the organic light emitting display
device may be recognized when the organic light emitting
display device is in an ON state. In an OFF state of the organic
light emitting display device, an image may be displayed in a
pixel region of the organic light emitting display device.
[0006] In the conventional transparent organic light emit-
ting display device, since transistors and capacitors are posi-
tioned in the opaque region, an area of the transparent region
may not be sufficiently obtained, and the capacitor may not
provide a sufficient capacitance for other elements of the
organic light emitting display device.

SUMMARY

[0007] Example embodiments provide an organic light
emitting display device including a capacitor having a dielec-
tric structure containing silicon oxynitride.

[0008] Example embodiments provide a method of manu-
facturing an organic light emitting display device including a
capacitor having a dielectric structure containing silicon
oxynitride.

[0009] According to one embodiment, there is provided an
organic light emitting display device having an opaque region
and a transparent region. The organic light emitting display
device may include a substrate, a first transistor disposed on
the substrate in the opaque region, a second transistor dis-
posed on the substrate in the opaque region, the second tran-
sistor being adjacent to the first transistor along a first direc-
tion, and a capacitor disposed on the substrate in the opaque
region, the capacitor being adjacent to the first transistor
along a second direction different from the first direction.
Here, the capacitor may include a first capacitor electrode, a
dielectric structure including silicon oxynitride and a second
capacitor electrode.

[0010] In example embodiments, the first transistor may
include a first active pattern disposed on the substrate in the
opaque region, a first gate insulation layer disposed on the
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first active pattern, the first gate insulation layer extending
into the transparent region, a second gate insulation layer
including silicon oxynitride disposed on the first gate insula-
tion layer, the second gate insulation layer extending into the
transparent region, a first gate electrode disposed on the sec-
ond gate insulation layer, a first source electrode contacting
the first active pattern, the first source electrode extending
along the second direction, and a first drain electrode contact-
ing the first active pattern.

[0011] In example embodiments, a dielectric constant of
the second gate insulation layer and a refractive index of the
second gate insulation layer may be controlled in accordance
with a nitrogen content of the second gate insulation layer.
[0012] In example embodiments, the first capacitor elec-
trode may be disposed over the first gate insulation layer.
[0013] In example embodiments, the dielectric structure
may include a portion of the second gate insulation layer.
[0014] In example embodiments, the second capacitor
electrode may be disposed on the second gate insulation layer,
and may be spaced apart from the first gate electrode along the
second direction.

[0015] In example embodiments, the second capacitor
electrode may contact an extended portion of the first source
electrode.

[0016] Inexample embodiments, the second transistor may
include a second active pattern disposed on the substrate in
the opaque region, the first gate insulation layer being dis-
posed on the second active pattern, a second gate electrode
disposed on the first gate insulation layer, the second gate
insulation layer being disposed on the second gate electrode,
and a second source electrode and a second drain electrode
contacting the second active pattern.

[0017] In example embodiments, the first capacitor elec-
trode may be disposed on the first gate insulation layer, and is
spaced apart from the second gate electrode along the second
direction.

[0018] Inexample embodiments, the organic light emitting
display device may additionally include an insulating inter-
layer covering the first gate electrode, the insulating inter-
layer including silicon oxide and a data line disposed on the
insulating interlayer, the data line being spaced apart from the
first source electrode along the second direction.

[0019] Inexample embodiments, the organic light emitting
display device may additionally include an additional capaci-
tor disposed on the capacitor.

[0020] In example embodiments, the additional capacitor
may additionally include a first additional capacitor electrode
positioned at a level same as that of the first gate electrode, an
additional dielectric structure disposed on the first additional
capacitor electrode, the additional dielectric structure includ-
ing a portion of the insulating interlayer, and a second addi-
tional capacitor electrode disposed on the additional dielec-
tric structure, the second additional capacitor electrode
including a portion of the data line.

[0021] Inexample embodiments, the organic light emitting
display device may additionally include an insulation layer
disposed on the first transistor, the second transistor and the
capacitor, the insulation layer having an opening extending to
the transparent region, a first electrode disposed on the insu-
lation layer, an organic light emitting structure disposed on
the first electrode, and a second electrode disposed on the
organic light emitting structure.

[0022] According to another embodiment, there is pro-
vided a method of manufacturing an organic light emitting
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display device having an opaque region and a transparent
region. In the method, a first transistor may be formed on a
substrate in the opaque region. A second transistor may be
formed on the substrate in the opaque region. Here, the sec-
ond transistor may be adjacent to the first transistor along a
first direction. A capacitor may be formed on the substrate in
the opaque region. Here, the capacitor may be adjacent to the
first transistor along a second direction different from the first
direction. For example, the capacitor may include a first
capacitor electrode, a dielectric structure including silicon
oxynitride and a second capacitor electrode.

[0023] In the formation of the first transistor according to
example embodiments, a first active pattern may be formed
on the substrate in the opaque region. A first gate insulation
layer covering the first active pattern and extending into the
transparent region may be formed. A second gate insulation
layer including silicon oxynitride may be formed on the first
gate insulation layer. Here, the second gate insulation layer
may extend into the transparent region. A first gate electrode
may be formed on the second gate insulation layer. A first
source electrode contacting the first active pattern and extend-
ing along the second direction may be formed. A first drain
electrode contacting the first active pattern may be formed.
For example, the second gate insulation layer and the dielec-
tric structure may be simultaneously formed, and the first gate
electrode and the second capacitor electrode may be simul-
taneously formed.

[0024] In the formation of the second transistor according
to example embodiments, a second active pattern may be
formed on the substrate in the opaque region. The first gate
insulation layer covering the second active pattern may be
formed. A second gate electrode may be formed on the first
gate insulation layer. The second gate insulation layer cover-
ing the second gate electrode may be formed. A second source
electrode contacting the second active pattern may be formed.
A second drain electrode contacting the second active pattern
may be formed. For example, the second gate electrode and
the first capacitor electrode may be simultaneously formed.
[0025] Inthe formationofthe organic light emitting display
device according to example embodiments, an insulating
interlayer covering the first gate electrode may be addition-
ally formed using silicon oxide. A data line may be addition-
ally formed on the insulating interlayer. Here, the data line
may be spaced apart from the first source electrode along the
second direction.

[0026] Inthe formationofthe organic light emitting display
device according to example embodiments, an additional
capacitor including a first additional capacitor electrode
located at a level same as that of the first gate electrode, an
additional dielectric structure disposed on the first additional
capacitor electrode, the additional dielectric structure includ-
ing a portion of the insulating interlayer, and a second addi-
tional capacitor electrode disposed on the additional dielec-
tric structure, the second additional capacitor electrode
including a portion of the data line may be additionally
formed.

[0027] In example embodiments, the first transistor, the
second transistor and the capacitor may be simultaneously
formed.

[0028] Inthe formationofthe organic light emitting display
device according to example embodiments, an insulation
layer may be additionally formed on the first transistor, the
second transistor and the capacitor, the insulation layer hav-
ing an opening extending to the transparent region. A first
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electrode may be additionally formed on the insulation layer.
An organic light emitting structure may be additionally
formed on the first electrode. A second electrode may be
additionally formed on the organic light emitting structure.
[0029] According to example embodiments, the organic
light emitting display device may include the substrate, the
first transistor, the second transistor, the at least one capacitor,
etc. The dielectric structure of the capacitor may include
silicon oxynitride. Here, the dielectric constant and the
refractive index of the dielectric structure may be adjusted in
accordance with the nitrogen content therein, so that the
capacitor may provide a sufficient capacitance for elements of
the organic light emitting display device. In addition, when
the dielectric structure extends from the opaque region to the
transparent region, the transmittance of the transparent region
may not be substantially reduced because a difference of
refractive indices of adjacent layers may be minimized. Fur-
thermore, the additional capacitor may be provided over the
capacitor. In other words, the organic light emitting display
device may have the configuration in which a plurality of
capacitors is substantially vertically stacked. Thus, an area for
the capacitors may be substantially reduced compared to the
configuration in which the capacitors are disposed in parallel.
As a result, the organic light emitting display device may
ensure a more sufficient capacitance while increasing an area
of the transparent region.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] Tllustrative, non-limiting example embodiments
will be more clearly understood from the following detailed
description taken in conjunction containing the accompany-
ing drawings.

[0031] FIG. 1 is a cross sectional view illustrating an
organic light emitting display device in accordance with
example embodiments.

[0032] FIG. 2 is a cross-sectional view illustrating an
organic light emitting display device in accordance with some
example embodiments.

[0033] FIGS.3.4,5,6,7, 8,9 and are cross sectional views
illustrating a method of manufacturing an organic light emit-
ting display device in accordance with example embodi-
ments.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0034] Hereinafter, organic light emitting display devices
and methods of manufacturing organic light emitting display
devices in accordance with example embodiments will be
explained in detail with reference to the accompanying draw-
ings.

[0035] FIG. 1 is a cross sectional view illustrating an
organic light emitting display device 100 in accordance with
example embodiments.

[0036] Referring to FIG. 1, the organic light emitting dis-
play device 100 may include a substrate 102, a first transistor
TR1, a second transistor TR2, a capacitor CAP, an organic
light emitting structure 140, etc. The organic light emitting
display device 100 may include an opaque region I and a
transparent region II. While the organic light emitting display
device 1001s in an ON state, an image may be displayed inthe
opaque region [. Further, while the organic light emitting
display device 100 is in an OFF state, an image of an object
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positioned before and/or after the transparent region IT of the
organic light emitting display device 100 may be recognized
by a user.

[0037] As illustrated in FIG. 1, the first transistor TR1, the
second transistor TR2, the capacitor CAP and the organic
light emitting structure 140 may be disposed in the opaque
region I of the substrate 102. The second transistor TR2 may
be located adjacent to the first transistor TR1 along a first
direction. The capacitor CAP may be disposed adjacent to the
first transistor TR 1 along a second direction different from
the first direction. For example, the second direction may be
perpendicular to the first direction.

[0038] The substrate 102 may include a transparent insula-
tion material. For example, the substrate 102 may include a
glass substrate, a quartz substrate, a transparent resin sub-
strate, etc. A buffer layer 104 may be disposed on the substrate
102. As illustrated in FIG. 1, the buffer layer 104 may extend
from the opaque region I into the transparent region 1. The
buffer layer 104 may prevent the diffusion of metal atoms
and/or impurities from the substrate 102. In addition, the
buffer layer 104 may improve the surface flatness of the
substrate 102 when the surface of the substrate 102 may be
relatively irregular. For example, the buffer layer 104 may
include a silicon compound such as silicon oxide. When the
buffer layer 104 includes silicon oxide, an incident light from
an outside to the transparent region II may pass through the
buffer layer 104. Alternatively, the buffer layer 104 may be
omitted in accordance with the material of the substrate 102,
the surface condition of the substrate 102, etc.

[0039] The first transistor TR1 may be disposed on the
buffer layer 104 in the opaque region I. As described above,
when the buffer layer 104 is not provided on the substrate 102,
the first transistor TR1 may be directly positioned on the
substrate 102. The first transistor TR1 may include a first
active pattern 106, a first gate insulation layer 110, a second
gate insulation layer 116, a first gate electrode 118, a first
source electrode 124, and a first drain electrode 126. For
example, the first transistor TR1 may function as a driving
transistor of the organic light emitting display device 100.
[0040] The second transistor TR2 may be disposed on the
buffer layer 104 and may be adjacent to the first transistor
TR1. The second transistor TR2 may include a second active
pattern 108, the first gate insulation layer 110, a second gate
electrode 112, a second source electrode 128, and a second
drain electrode 130. For example, the second transistor TR2
may serve as a switching transistor of the organic light emit-
ting display device 100.

[0041] The first and the second active patterns 106 and 108
may be positioned on the buffer layer 104 on the opaque
region 1. The second active pattern 108 may be spaced apart
from the first active pattern 106 along the first direction. Each
of the first and the second active patterns 106 and 108 may
include a material containing silicon or oxide semiconductor.
[0042] Thefirst gate insulationlayer 110 may cover the first
and the second active patterns 106 and 108, and also may
extend into the transparent region II. For example, the first
gate insulation layer 110 may include a silicon compound, a
metal oxide, etc. In example embodiments, the first gate insu-
lation layer 110 may include silicon oxide. In some example
embodiments, the first gate insulation layer 110 may include
a material substantially the same as that of the buffer layer
104. In this case, the first gate insulation layer 110 may have
a transmittance substantially the same as that of the buffer
layer 104 in the transparent region I1.
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[0043] The second gate electrode 112 may be disposed on
the first gate insulation layer 110 so that the second gate
electrode 112 may be partially overlapped with the second
active pattern 108. The second gate electrode 112 may metal,
alloy, metal nitride, conductive metal oxide, transparent con-
ductive material, etc. These may be used alone or in a com-
bination thereof.

[0044] Inexample embodiments, a first capacitor electrode
114 may be separated from the second gate electrode 112 on
the first gate insulation layer 110 along the second direction
by apredetermined distance. The first capacitor electrode 114
may include a material substantially the same as that of the
second gate electrode 112. Alternatively, the first capacitor
electrode 114 may include a material different from that of the
second gate electrode 112.

[0045] The second gate insulation layer 116 may cover the
second gate electrode 112 and the first capacitor electrode
114, and also may extend into the transparent region II. In
example embodiments, the second gate insulation layer 116
may include silicon oxynitride, so that a dielectric constant of
the second gate insulation layer 116 and a refractive index of
the second gate insulation layer 116 may be controlled in
accordance with a nitrogen content of silicon oxynitride
included in second gate insulation layer 116. For example, the
nitrogen content of silicon oxynitride in second gate insula-
tion layer 116 may be less than about 25%. The second gate
insulation layer 116 may have the dielectric constant less than
about 5 and the refractive index less than about 1.7. Addition-
ally, the second gate insulation layer 116 including silicon
oxynitride may have a thickness substantially larger than that
ofthe first gate insulation layer 110 including silicon oxide by
about 1.2 times. Thus, when the second gate insulation layer
116 includes silicon oxynitride, the capacitor CAP may have
a sufficient capacitance without substantially reducing a
transmittance of the organic light emitting display device 100
even though the second gate insulation layer 116 is located in
the transparent region II.

[0046] In example embodiments, threshold voltages of the
firstand the second transistors TR1 and TR2 may decrease, so
that the first and the second transistors TR1 and TR2 may
have improved electrical characteristics when the second gate
insulation layer 116 includes silicon oxynitride. In addition,
when a portion of the second gate insulation layer 116 func-
tions as the dielectric structure of the capacitor CAP, the
capacitance of the capacitor CAP may be sufficiently ensured
because the capacitance of the second gate insulation layer
116 may be proportional to the dielectric constant of the
second gate insulation layer 116. Further, the transmittance of
the organic light emitting display device 100 may not
decrease even though the second gate insulation layer 116
extends into the transparent region II because the difference
between the adjacent layers may be minimized.

[0047] The first gate electrode 118 may be disposed on a
portion of the first gate insulation layer 110 and the second
gate insulation layer 116 under which the first active pattern
106 is located. The first gate electrode 118 may include a
material substantially the same as a material of the second
gate electrode 112 and a material of the first capacitor elec-
trode 114. In some example embodiments, the first gate elec-
trode 118, the second gate electrode 112, and the first capaci-
tor electrode 114 may include different materials,
respectively.

[0048] A second capacitor electrode 120 may be separated
from the first gate electrode 118 on the second gate insulation
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layer 116 along the second direction by a predetermined
distance. The second capacitor electrode 120 may extend into
a portion of the transparent region 1T along the second direc-
tion. Thus, an additional capacitor (i.e., a second capacitor
CAP2; see FIG. 2) may include the second capacitor elec-
trode 120, an insulating interlayer 122 and the second drain
electrode 130. The additional capacitor will be described
below. The second capacitor electrode 120 may include a
material substantially the same as that of the first gate elec-
trode 118. Alternatively, the second capacitor electrode 120
may include a material different from that of the first gate
electrode 118.

[0049] The insulating interlayer 122 may cover the first
gate electrode 118 and the second capacitor electrode 120,
and also may extend into the transparent region II. The insu-
lating interlayer 122 may electrically insulate the first gate
electrode 118 from the first source and drain electrodes 124
and 126. Additionally, the insulating interlayer 122 may elec-
trically insulate the second gate electrode 112 from the sec-
ond source and drain electrodes 128 and 130. In example
embodiments, the organic light emitting display device 100
including the insulating interlayer 122 may have an improved
transmittance compared with that of the conventional organic
light emitting display device including an insulating inter-
layer of silicon nitride. In addition, the insulating interlayer
122 may include a material substantially the same as a mate-
rial of the buffer layer 104 and a material of the first gate
insulation layer 110, so that the insulating interlayer 122, the
buffer layer 104 and the first gate insulation layer 110 may
have substantially the same transmittance. As a result, an
external light may efficiently pass through the insulating
interlayer 122, the buffer layer 104 and the first gate insula-
tion layer 110 in the transparent region II. Further, the insu-
lating interlayer 122 may have a thickness substantially larger
than that of the second gate insulation layer 116. For example,
the insulating interlayer 122 may have an increased thickness
substantially larger than those of other insulation layers (i.e.,
the buffer layer 104 and the first gate insulation layer 110)
including silicon oxide by about 1.6 times. Therefore, a cou-
pling effect generated between the first gate electrode 118 and
the first source electrode 124, and a coupling effect generated
between the first gate electrode 118 and the first drain elec-
trode 126 may be reduced. Additionally, a coupling effect
generated between the first source electrode 124 and the first
drain electrode 126 may also be decreased.

[0050] When a portion of the insulating interlayer 122
belongs to an additional dielectric structure of the additional
capacitor (i.e., the second capacitor CAP2), the organic light
emitting display device 100 may have an increased capaci-
tance substantially larger than the conventional organic light
emitting display device including a capacitor. The capaci-
tance of the capacitor CAP2 as described below may be
sufficiently ensured compared with that of the conventional
capacitor including the dielectric structure of silicon nitride
because the insulating interlayer 122 may have a thickness
substantially larger than the second gate insulation layer 116.
Some example embodiments in which the dielectric structure
of the second capacitor CAP2 includes the portion of the
insulating interlayer 122 will be described below.

[0051] The first source electrode 124 and the first drain
electrode 126 may be disposed on the insulating interlayer
122. The first source electrode 124 and the first drain elec-
trode 126 may pass through a portion of the insulating inter-
layer 122, a portion of the second gate insulation layer 116,
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and a portion of the first gate insulating layer 110. Then, the
first source electrode 124 and the first drain electrode 126 may
contact the first active pattern 106. In example embodiments,
since the first source electrode 124 may extend into the trans-
parent region II, an extended portion of the first source elec-
trode 124 in the transparent region II may pass through the
insulating interlayer 122 to make contact with the second
capacitor electrode 120. The first source electrode 124 and the
first drain electrode 126 may include metal, alloy, metal
nitride, conductive metal oxide, transparent conductive mate-
rial, etc. These may be used alone or in a combination thereof.
[0052] The second source electrode 128 and the second
drain electrode 130 may be disposed on the insulating inter-
layer 122. The second source electrode 128 and the second
drain electrode 130 may pass through a portion of the insu-
lating interlayer 122, a portion of the second gate insulation
layer 116, and a portion of the first gate insulating layer 110.
Then, the second source electrode 128 and the second drain
electrode 130 may contact the second active pattern 108. The
second source electrode 128 may include a material substan-
tially the same as that of the first source electrode 124. Addi-
tionally, the second drain electrode 130 may include a mate-
rial substantially the same as that of the first drain electrode
126.

[0053] An insulation layer 134 may be positioned on the
insulating interlayer 122 to cover the first source electrode
124, the second source electrode 128, the first drain electrode
126, and the second drain electrode 130. In example embodi-
ments, the insulation layer 134 may have an opening 1356
extending to and exposing a portion of the transparent region
1I. Further, the opening 135b may extend to and expose an
extended portion of the insulating interlayer 122 in the trans-
parent region II. As illustrated in FIG. 1, the insulation layer
134 may additionally have a contact hole 135a partially
exposing the extended portion of the first source electrode
124 in the transparent region II. For example, the insulation
layer 134 may include an organic material or an inorganic
material.

[0054] A first electrode 136 may be disposed on the insu-
lation layer 134 to make contact with the extended portion of
the first source electrode 124 in the transparent region II
through the contact hole 1354. The first electrode 136 may
include metal, alloy, metal nitride, conductive metal oxide.
[0055] A pixel defininglayer 138 may be located on the first
electrode 136. The pixel defining layer 138 may have an
opening partially exposing the first electrode 136. For
example, the pixel defining layer 138 may include an organic
material or an inorganic material.

[0056] The organic light emitting structure 140 may be
disposed on the exposed first electrode 136 through the open-
ing of the pixel defining layer 138. The organic light emitting
structure 140 may include a light emitting material for gen-
erating a red color of light, a green color of light or a blue
color of light. Alternatively, the organic light emitting struc-
ture 140 may include a plurality of materials for generating a
red color of light, a green color of light and/or a blue color of
light, thereby finally emitting a white color of light.

[0057] A second electrode 142 may be disposed on the
pixel defining layer 138 and the organic light emitting struc-
ture 140. The second electrode 142 may extend into the trans-
parent region I1 to make contact with the portion of the insu-
lating interlayer 122 through the opening 1356 of the
insulation layer 134. The second electrode 142 may include a
transparent conductive material. For example, the second
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electrode 142 may include indium tin oxide, indium zinc
oxide, zinc oxide, tin oxide, gallium oxide, indium oxide, etc.
Thus, the transmittance of the transparent region IT may not be
reduced even though the second electrode 142 is positioned in
the transparent region II. Alternatively, the second electrode
142 may include a material substantially the same as that of
the first electrode 136.

[0058] As for the conventional organic light emitting dis-
play device, all of the transistors and the capacitors are
located on the substrate in the opaque region, so that the
transparent region may not have a sufficient area. Thus, the
capacitor of the conventional organic light emitting display
device may not have a sufficient capacitance. The organic
light emitting display device according to example embodi-
ments may include the opaque region I in which the first
transistor TR1, the second transistor TR2 and at least one
capacitor CAP may be located. The capacitor CAP may
include the first capacitor electrode 114, the dielectric struc-
ture including silicon oxynitride (i.e., the portion of the sec-
ond gate insulation layer 116), and the second capacitor elec-
trode 120. Here, the threshold voltages of the first and the
second transistors TR1 and TR2 may decrease to thereby
improve the distribution of electrical characteristics of the
first and the second transistors TR1 and TR2 when the second
gate insulation layer 116 includes silicon oxynitride. Further,
when the portion of the second gate insulation layer 116
serves as the dielectric structure of the capacitor CAP, the
capacitance of the capacitor CAP may be sufficiently ensured
because the capacitance of the capacitor CAP may be sub-
stantially proportional to the dielectric constant of the second
gate insulation layer 116. Moreover, the transmittance of the
organic light emitting display device 100 may not be reduced
even though the second gate insulation layer 116 extends into
the transparent region II because the difference of refractive
indices of adjacent layers in the transparent region IT may be
minimized.

[0059] FIG. 2 is a cross-sectional view illustrating an
organic light emitting display device in accordance with some
example embodiments. The organic light emitting display
device 200 illustrated in FIG. 2 may have a configuration
substantially the same as or similar to the organic light emit-
ting display device 100 described with reference to FIG. 1
except a second additional capacitor CAP2. More particu-
larly, the elements 202, 204, 206, 208, 210, 212, 214, 216,
218, 222, 224, 226, 228, 230, 232, 234, 236, 238, 240, 242,
235a, 2355 of the organic light emitting display device 200
illustrated in FIG. 2 may be the same as or similar to the
elements 102, 104, 106, 108, 110, 112, 114, 116, 118, 122,
124,126, 128,130, 132, 134, 136, 138, 140, 142, 1354, 135b
of the organic light emitting display device 100 illustrated in
FIG. 1, respectively.

[0060] Referring to FIG. 2, the second additional capacitor
CAP2 may include a first additional capacitor electrode 220,
an additional dielectric structure, and a second additional
capacitor electrode. Here, the second additional capacitor
electrode may include a portion of a data line 232.

[0061] The first additional capacitor electrode 220 may be
located on the second gate insulation layer 216, and may
extend into a portion of the transparent region II along the
second direction. Thus, the second additional capacitor CAP2
may include the first additional capacitor electrode 220, por-
tions of the insulating interlayer 222, and the portion of the
data line 232. In other words, the first additional capacitor
electrode 220 may serve as a lower electrode of the additional
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capacitor CAP2, and also, as illustrated in FIG. 2, the first
additional capacitor electrode 220 may serve as the upper
electrode of the capacitor CAP1. Therefore, the organic light
emitting display device 200 may have the configuration in
which the capacitor CAP1 and the additional capacitor CAP2
may be substantially vertically stacked. Here, the capacitor
CAP1 and the additional capacitor CAP2 may share the first
capacitor electrode 220. Thus, the capacitors CAP1 and
CPA2 may occupy a substantially small area in comparison
with the configuration in which the capacitors are disposed in
parallel. As a result, the transparent region II of the organic
light emitting display device 200 may have a substantially
increased area.

[0062] As described above, the portion of the insulating
interlayer 222 including silicon oxide may serve as the addi-
tional dielectric structure of the additional capacitor CAP2.
For example, the insulating interlayer 222 according to
example embodiments may have an increased thickness sub-
stantially larger than those of other insulation layers includ-
ing silicon oxide by about 1.6 times. Accordingly when the
additional dielectric structure of the additional capacitor
includes the portion of the insulating interlayer 122, the
organic light emitting display device 200 may have a more
increased capacitance compared to the organic light emitting
display device that includes one capacitor only. In addition,
the insulating interlayer 222 may include a material substan-
tially the same as that of the buffer layer 204 and that of the
first gate insulation layer 210, so that the insulating interlayer
222, the buffer layer 204 and the first gate insulation layer 210
may have substantially the same transmittance. Therefore, an
external light may efficiently pass through the insulating
interlayer 222, the buffer layer 204 and the first gate insula-
tion layer 210 in the transparent region II.

[0063] As described above, the insulating interlayer 222
including silicon oxide may have an increased thickness sub-
stantially larger than that of other insulating interlayers
including silicon oxide by about 1.6 times. Thus, increased
thickness of the insulating interlayer 222 may prevent elec-
trostatic discharges generated among the first gate electrode
218, the first source electrode 224 and the first drain electrode
226, and among the first source electrode 224 and the first
drain electrode 226. Therefore, the organic light emitting
display device 200 may have an improved reliability. As a
result, when the portion of the insulating interlayer 222 may
serve as the additional dielectric structure of the additional
capacitor CAP2, the organic light emitting display device 200
may provide a more sufficient capacitance without substan-
tially reducing the transmittance of the organic light emitting
display device 200 even through the insulating interlayer 222
extends into the transparent region II.

[0064] FIGS. 3 to 10 are cross sectional views illustrating a
method of manufacturing an organic light emitting display
device in accordance with example embodiments. The
method illustrated in FIGS. 3 to 10 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 100 described with reference to FIG. 1,
however, the organic light emitting display device 100 or 200
illustrated in FIG. 1 or FIG. 2 may be manufactured by obvi-
ously modifying some processes such as a deposition process,
an etching process, etc.

[0065] Referring to FIG. 3, a buffer layer 104 may be
formed on a substrate 102. The substrate 102 may be formed
using a transparent insulation material. The buffer layer 104
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may be formed using silicon oxide, so that a transmittance of
a transparent region II may not be reduced even though the
buffer layer 104 is formed from an opaque region I into the
transparent region IL.

[0066] A firstactive pattern 106 and a second active pattern
108 may be formed on the buffer layer 104. As illustrated in
FIG. 3, the first active pattern 106 and the second active
pattern 108 may be separated from each other by a predeter-
mined distance in the opaque region 1.

[0067] Referring to FIG. 4, a first gate insulation layer 110
may be formed on the buffer layer 104 to cover the active
pattern 106 and the second active pattern 108. The first gate
insulation layer 110 may extend into the transparent region I1.
In other words, the first gate insulation layer 110 may be
continuously disposed on the buffer layer 104 from the
opaque region 1 to the transparent region I1I. In example
embodiments, the transmittance of the transparent region II
may not be reduced even though the first gate insulation layer
110 s disposed into the transparent region II because the first
gate insulation layer 110 may be formed using silicon oxide.

[0068] A second gate electrode 112 and a first capacitor
electrode 114 may be formed on the first gate insulation layer
110. The second gate electrode 112 and the first capacitor
electrode 114 may be positioned in the opaque region 1. For
example, the second gate electrode 112 may be overlapped
over the second active pattern 108 by interposing the first gate
insulation layer 110 therebetween. The first capacitor elec-
trode 114 and the second active pattern 108 may be separated
from each other by a predetermined distance along a second
direction. The second gate electrode 112 may include a mate-
rial substantially the same as that of the first capacitor elec-
trode 114. For example, each of the second gate electrode 112
and the first capacitor electrode 114 may be formed using
metal, alloy, metal nitride, conductive metal oxide, transpar-
ent conductive material, etc. In addition, the second gate
electrode 112 and the first capacitor electrode 114 may be
simultaneously formed by an etching process using one mask.
Alternatively, the second gate electrode 112 may include a
material different from that of the first capacitor electrode
114.

[0069] Referring to FIG. 5, a second gate insulation layer
116 may be formed on the first gate insulation layer 110 to
cover the first capacitor electrode 114 and the second gate
electrode 112. The second gate insulation layer 116 may be
positioned on the first gate insulation layer 110 in the opaque
region I and the transparent region II. In example embodi-
ments, the second gate insulation layer 116 may be formed
using silicon oxynitride. In this case, a dielectric constant and
arefractive index of the second gate insulation layer 116 may
be controlled in accordance with a nitrogen content of silicon
oxide included in the second gate insulation layer 116, so that
the difference of refraction indices of adjacent layers may be
minimized even though the second gate insulation layer 116
is formed in the transparent region II. Thus, a capacitance of
acapacitor CAP may be sufficiently ensured without substan-
tially reducing a transmittance of the organic light emitting
display device 100. Further, the second gate insulation layer
116 may have an increased thickness substantially larger than
that of the first gate insulation layer 110 including silicon
oxide by about 1.2 times. Accordingly, when a portion of the
second gate insulation layer 116 serves as a dielectric struc-
ture of the capacitor CAP, the organic light emitting display
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device 100 may have a sufficient capacitance without sub-
stantially decreasing the transmittance of the organic light
emitting display device 100.

[0070] Referring still to FIG. 5, a first gate electrode 118
may be formed on a portion of the second gate insulation layer
116 under which the first active pattern 106 is located. A
second capacitor electrode 120 may be separated from the
first gate electrode 118 by a predetermined distance along the
second direction. As illustrated in FIG. 5, the first gate elec-
trode 118 and the second capacitor electrode 120 may be
positioned in the opaque region 1. Each of the first gate elec-
trode 118 and the second capacitor electrode 120 may include
metal, alloy, metal nitride, conductive metal oxide, transpar-
ent conductive material, etc. In addition, the first gate elec-
trode 118 and the second capacitor electrode 120 may be
simultaneously formed by one etching process. As the forma-
tion of the second capacitor electrode 120, the capacitor CAP
may be provided in the opaque region I. The capacitor CAP
may include the first capacitor electrode 114, the dielectric
structure including the portion of the second gate insulation
layer 116, and the second capacitor electrode 120.

[0071] Referring to FIG. 6, an insulating interlayer 122
may be formed on the second gate insulation layer 116 to
cover the first gate electrode 118 and the second capacitor
electrode 120. The insulating interlayer 122 may extend into
the transparent region II to sufficiently cover the first gate
electrode 118 and the second capacitor electrode 120. In
example embodiments, the insulating interlayer 122 may be
formed using silicon oxide, such that the transmittance of the
transparent region I may not be substantially reduced even
though the insulating interlayer 122 is positioned in the trans-
parent region I1. Further, the insulating interlayer 122 may be
formed using silicon oxide, so that the organic light emitting
display device 100 may have an increased transmittance
larger than that of the conventional organic light emitting
display device including the insulating interlayer of silicon
nitride. Moreover, the insulating interlayer 122 may have a
thickness relatively larger than the second gate insulation
layer 116. For example, the insulating interlayer 122 accord-
ing to example embodiments may have an increased thick-
ness substantially larger than those of other insulation layers
of silicon oxide by about 1.6 times. Such insulating interlayer
122 may effectively insulate between a first source electrode
124 and the first gate electrode 118, between a second source
electrode 128 and the second gate electrode 112, and between
a second drain electrode 130 and the second gate electrode
112. Therefore, the organic light emitting display device 100
may have an enhanced reliability because of the insulating
interlayer 122 efficiently insulating the electrodes of the
organic light emitting display device 100.

[0072] Referring to FIG. 7, the first source electrode 124
and the first drain electrode 126 may be formed on the insu-
lating interlayer 122. The first source electrode 124 and the
first drain electrode 126 may contact portions of the first
active pattern 106 through contact holes provided through a
portion of the insulating interlayer 122 and portions of the
firstand the second gate insulation layers 110 and 116. Simul-
taneously, the second source electrode 128 and the second
drain electrode 130 may be formed on the insulating inter-
layer 122. The second source electrode 128 and the second
drain electrode 130 may contact portions of the second active
pattern 108 through contact holes formed through the insu-
lating interlayer 122 and the first and the second gate insula-
tion layers 110 and 116. In example embodiments, the first
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source electrode 124 may extend in the opaque region I along
the second direction. Thus, the first source electrode 124 may
contact the second capacitor electrode 120 through contact
holes provided through a portion of the insulating interlayer
122. As illustrated in FIG. 7, a data line 132 may be formed to
be spaced apart from the first source electrode 124 by a
predetermined distance in the transparent region I1. Each of
the first and the second source electrodes 124 and 128, the
first and the second drain electrodes 126 and 130, and the data
line 132 may be formed using metal, alloy, metal nitride,
conductive metal oxide, a material having a transmittance,
etc.

[0073] Referring to FIG. 8, an insulation layer 134 may be
formed on the insulating interlayer 122 to cover the first and
the second source electrodes 124 and 128, and the first and the
second drain electrodes 126 and 130. In example embodi-
ments, the insulation layer 134 may have an opening 13556
extending to and partially exposing the insulating interlayer
122 in the transparent region II. Then, a first electrode 136
may be formed on the insulation layer 134. The first electrode
136 may be formed using metal, alloy, metal nitride, conduc-
tive metal oxide, transparent conductive material, etc.

[0074] Referring to FIG. 9, a pixel defining layer 138 may
be formed on the first electrode 136 and the insulation layer
134. The pixel defining layer 138 may include a pixel opening
partially exposing the first electrode 136. For example, the
pixel defining layer 138 may be formed using an organic
material or an inorganic material.

[0075] Referring still to FIG. 9, an organic light emitting
structure 140 may be formed on the first electrode 136
exposed by the pixel opening of the pixel defining layer 138.
In example embodiments, the organic light emitting structure
140 may have a multi-layered configuration that includes an
organic light emitting layer (EL), a hole injection layer (HIL),
a hole transfer layer (HTL), an electron transfer layer (ETL),
an electron injection layer (EIL), etc.

[0076] Referring to FIG. 10, a second electrode 142 may be
formed on the pixel defining layer 138 and the organic light
emitting structure 140. For example, the second electrode 142
may be formed using a material substantially the same as that
of the first electrode 136. Alternatively, the second electrode
142 may be formed using a material different from that of the
first electrode 136.

[0077] Example embodiments may be employed in any
electronic device including a transparent organic light emit-
ting display device. For example, the transparent organic light
emitting display device according to embodiments may be
used in a reftigerator for business, a smart window, a trans-
parent tablet, a head-up display device, a wearable display
device, etc.

[0078] 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
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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 having an
opaque region and a transparent region, which comprises:

a substrate;

a first transistor disposed on the substrate in the opaque

region;

a second transistor disposed on the substrate in the opaque
region, the second transistor being adjacent to the first
transistor along a first direction; and

a capacitor disposed on the substrate in the opaque region,
the capacitor being adjacent to the first transistor along a
second direction different from the first direction,

wherein the capacitor includes a first capacitor electrode, a
dielectric structure including silicon oxynitride and a
second capacitor electrode.

2. The organic light emitting display device of claim 1,

wherein the first transistor comprises:

a first active pattern disposed on the substrate in the opaque
region;

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

a second gate insulation layer including silicon oxynitride
disposed on the first gate insulation layer, the second
gate insulation layer extending into the transparent
region;

a first gate electrode disposed on the second gate insulation
layer;

a first source electrode contacting the first active pattern,
the first source electrode extending along the second
direction; and

a first drain electrode contacting the first active pattern.

3. The organic light emitting display device of claim 2,
wherein a dielectric constant of the second gate insulation
layer and a refractive index of the second gate insulation layer
are controlled in accordance with a nitrogen content of the
second gate insulation layer.

4. The organic light emitting display device of claim 2,
wherein the first capacitor electrode is disposed over the first
gate insulation layer.

5. The organic light emitting display device of claim 2,
wherein the dielectric structure includes a portion of the sec-
ond gate insulation layer.

6. The organic light emitting display device of claim 2,
wherein the second capacitor electrode is disposed on the
second gate insulation layer, and is spaced apart from the first
gate electrode along the second direction.

7. The organic light emitting display device of claim 2,
wherein the second capacitor electrode contacts an extended
portion of the first source electrode.

8. The organic light emitting display device of claim 2, the
second transistor comprises:

a second active pattern disposed on the substrate in the

opaque region;

the first gate insulation layer being disposed on the second
active pattern;

a second gate electrode disposed on the first gate insulation
layer;

the second gate insulation layer being disposed on the
second gate electrode; and

a second source electrode and a second drain electrode
contacting the second active pattern.
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9. The organic light emitting display device of claim 8,
wherein the first capacitor electrode is disposed on the first
gate insulation layer, and is spaced apart from the second gate
electrode along the second direction.

10. The organic light emitting display device of claim 8,
further comprising:

an insulating interlayer covering the first gate electrode, the

insulating interlayer including silicon oxide; and

a data line disposed on the insulating interlayer, the data

line being spaced apart from the first source electrode
along the second direction.

11. The organic light emitting display device of claim 10,
further comprising:

an additional capacitor disposed on the capacitor.

12. The organic light emitting display device of claim 11,
wherein the additional capacitor comprises:

a first additional capacitor electrode positioned at a level

same as that of the first gate electrode;

an additional dielectric structure disposed on the first addi-

tional capacitor electrode, the additional dielectric struc-
ture including a portion of the insulating interlayer; and

a second additional capacitor electrode disposed on the

additional dielectric structure, the second additional
capacitor electrode including a portion of the data line.

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

an insulation layer disposed on the first transistor, the sec-

ond transistor and the capacitor, the insulation layer
having an opening extending to the transparent region;

a first electrode disposed on the insulation layer;

an organic light emitting structure disposed on the first

electrode; and

a second electrode disposed on the organic light emitting

structure.

14. A method of manufacturing an organic light emitting
display device including an opaque region and a transparent
region, which comprises:

forming a first transistor on a substrate in the opaque

region;

forming a second transistor on the substrate in the opaque

region, the second transistor being adjacent to the first
transistor along a first direction; and

forming a capacitor on the substrate in the opaque region,

the capacitor being adjacent to the first transistor along a
second direction different from the first direction,

wherein the capacitor includes a first capacitor electrode, a

dielectric structure including silicon oxynitride and a
second capacitor electrode.

15. The method of claim 14, wherein forming the first
transistor comprises:

forming a first active pattern on the substrate in the opaque

region;
forming a first gate insulation layer covering the first active
pattern and extending into the transparent region;

forming a second gate insulation layer including silicon
oxynitride on the first gate insulation layer, the second
gate insulation layer extending into the transparent
region;
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forming a first gate electrode on the second gate insulation

layer;

forming a first source electrode contacting the first active

pattern and extending along the second direction; and
forming a first drain electrode contacting the first active
pattern,

wherein the second gate insulation layer and the dielectric

structure are simultaneously formed, and the first gate
electrode and the second capacitor electrode are simul-
taneously formed.

16. The method of claim 15, wherein forming the second
transistor comprises:

forming a second active pattern on the substrate in the

opaque region;

forming the first gate insulation layer covering the second

active pattern;

forming a second gate electrode on the first gate insulation

layer;

forming the second gate insulation layer covering the sec-

ond gate electrode;

forming a second source electrode contacting the second

active pattern; and

forming a second drain electrode contacting the second

active pattern,

wherein the second gate electrode and the first capacitor

electrode are simultaneously formed.

17. The method of claim 15, further comprising:

forming an insulating interlayer covering the first gate elec-

trode using silicon oxide; and

forming a data line on the insulating interlayer, the data line

being spaced apart from the first source electrode along
the second direction.

18. The method of claim 17, further comprising:

forming an additional capacitor including a first additional

capacitor electrode located at a level same as that of the
first gate electrode, an additional dielectric structure dis-
posed on the first additional capacitor electrode, the
additional dielectric structure including a portion of the
insulating interlayer, and a second additional capacitor
electrode disposed on the additional dielectric structure,
the second additional capacitor electrode including a
portion of the data line.

19. The method of claim 14, wherein the first transistor, the
second transistor and the capacitor are simultaneously
formed.

20. The method of claim 14, further comprising:

forming an insulation layer on the first transistor, the sec-

ond transistor and the capacitor, the insulation layer
having an opening extending to the transparent region;
forming a first electrode on the insulation layer;

forming an organic light emitting structure on the first

electrode; and

forming a second electrode on the organic light emitting

structure.
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