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

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from and the benefit
of Korean Patent Application No. 10-2014-0124827, filed on
Sep. 19, 2014, which is hereby incorporated by reference for
all purposes as if fully set forth herein

BACKGROUND

[0002] 1.Field

[0003] Exemplary embodiments relate to organic light
emitting display devices and method of manufacturing
organic light emitting display devices. More particularly,
exemplary embodiments relate to organic light emitting dis-
play devices including insulation layers having inclined
structures, and method of manufacturing organic light emit-
ting display devices including insulation layers having
inclined structures.

[0004]
[0005] A transparent organic light emitting display device
can transmit an image of an object from in front or behind a
transparent region of the organic light emitting display device
when the organic light emitting display device operates in an
“OFF” state. In an “OFF” state, the organic light emitting
display device may display an image in a pixel region adja-
cent to the transparent region using a light generated from an
organic light emitting layer thereof.

[0006] In aconventional transparent organic light emitting
display device, the transparent region may be reduced when
the area of the pixel region is increased so as to improve the
resolution of the image. Thus, the conventional transparent
organic light emitting display device may have reduced trans-
mittance. In case that the area of the transparent region is
increased, the resolution of the image may be deteriorated
although the transmittance can be improved. Therefore, it
would be beneficial to have a transparent organic light emit-
ting display device having enhanced transmittance in a trans-
parent region while ensuring desired resolution in a pixel
region.

[0007] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the inventive concept, and, therefore, it
may contain information that does not form the prior art that
is already known in this country to a person of ordinary skill
in the art.

2. Discussion of the Background

SUMMARY

[0008] Exemplary embodiments provide an organic light
emitting display device including an insulation layer having
an inclined structure and symmetrically arranged transparent
regions so as to have improved transmittance and high reso-
lution.

[0009] Exemplary embodiments also provide a method of
manufacturing an organic light emitting display device
including an insulation layer having an inclined structure and
symmetrically arranged transparent regions so as to have
improved transmittance and high resolution.
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[0010] Additional aspects will be set forth in the detailed
description which follows, and, in part, will be apparent from
the disclosure, or may be learned by practice of the inventive
concept.

[0011] An exemplary embodiment of the present invention
discloses an organic light emitting display device that
includes a substrate having a pixel region and a transparent
region, a semiconductor device disposed on the substrate, an
insulation layer having an inclined structure disposed on the
semiconductor device, a first electrode disposed on the insu-
lation layer, a pixel defining layer disposed on the insulation
layer and the first electrode, an organic light emitting layer
disposed on the exposed first electrode and the pixel defining
layer, and a second electrode disposed on the organic light
emitting layer and the pixel defining layer. The pixel defining
layer may have a pixel opening exposing the first electrode
positioned on the inclined structure. Light generated from the
organic light emitting layer may be directed in different direc-
tions by the inclined structure.

[0012] An exemplary embodiment of the present invention
also discloses a method of manufacturing an organic light
emitting display device. In the method, a substrate having a
pixel region and a transparent region may be provided, and
then a semiconductor device may be formed on the substrate.
An insulation layer including an inclined structure may be
formed on the semiconductor device. After forming first elec-
trode on the insulation layer, a pixel defining layer may be
formed on the insulation layer and the first electrode. The
pixel defining layer may have a pixel opening exposing the
first electrode positioned on the inclined structure. An organic
light emitting layer may be formed on the exposed first elec-
trode and the pixel defining layer. A second electrode may be
formed on the organic light emitting layer and the pixel defin-
ing layer. Lights generated from the organic light emitting
layer may proceed in different directions by the inclined
structure.

[0013] The foregoing general description and the following
detailed description are exemplary and explanatory and are
intended to provide further explanation of the claimed subject
matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The accompanying drawings, which are included to
provide a further understanding of the inventive concept, and
are incorporated in and constitute a part of this specification,
illustrate exemplary embodiments of the inventive concept,
and, together with the description, serve to explain principles
of the inventive concept.

[0015] FIG. 1isaplan sectional view illustrating an organic
light emitting display device in accordance with exemplary
embodiments.

[0016] FIG. 2 is a cross sectional view illustrating an
organic light emitting display device in accordance with
exemplary embodiments.

[0017] FIG. 3 is a cross sectional view illustrating adjacent
pixels of an organic light emitting display device in accor-
dance with exemplary embodiments.

[0018] FIG. 4 is a cross sectional view illustrating an
organic light emitting display device in accordance with some
exemplary embodiments.

[0019] FIG. 5, FIG. 6, FIG. 7, F1G. 8, F1G. 9, FIG. 10, and
FIG. 11 are cross sectional views illustrating a method of
manufacturing an organic light emitting display device in
accordance with exemplary embodiments.
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[0020] FIG.12,FI1G.13,FIG.14,FI1G.15,FIG. 16,FIG.17,
and FIG. 18 are cross sectional views illustrating a method of
manufacturing an organic light emitting display device in
accordance with exemplary embodiments.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0021] In the following description, for the purposes of
explanation, numerous specific details are set forth in order to
provide a thorough understanding of various exemplary
embodiments. It is apparent, however, that various exemplary
embodiments may be practiced without these specific details
or with one or more equivalent arrangements. In other
instances, well-known structures and devices are shown in
block diagram form in order to avoid unnecessarily obscuring
various exemplary embodiments.

[0022] In the accompanying figures, the size and relative
sizes of layers, films, panels, regions, etc., may be exagger-
ated for clarity and descriptive purposes. Also, like reference
numerals denote like elements.

[0023] When an element or layer is referred to as being
“on,” “connected to,” or “coupled to” another element or
layer, it may be directly on, connected to, or coupled to the
other element or layer or intervening elements or layers may
be present. When, however, an element or layer is referred to
as being “directly on,” “directly connected to,” or “directly
coupled to” another element or layer, there are no intervening
elements or layers present. For the purposes of this disclosure,
“atleastone of X, Y, and 7Z” and “at least one selected from the
group consisting of X, Y, and Z” may be construed as X only,
Y only, Z only, or any combination of two or more of X, Y, and
Z, such as, for instance, XYZ, XYY, YZ, and ZZ. Like num-
bers refer to like elements throughout. As used herein, the
term “and/or” includes any and all combinations of one or
more of the associated listed items.

[0024] Although the terms first, second, etc. may be used
herein to describe various elements, components, regions,
layers, and/or sections, these elements, components, regions,
layers, and/or sections should not be limited by these terms.
These terms are used to distinguish one element, component,
region, layer, and/or section from another element, compo-
nent, region, layer, and/or section. Thus, a first element, com-
ponent, region, layer, and/or section discussed below could be
termed a second element, component, region, layer, and/or
section without departing from the teachings of the present
disclosure.

[0025] Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper.” and the like, may be used herein
for descriptive purposes, and, thereby, to describe one ele-
ment or feature’s relationship to another element(s) or feature
(s) as illustrated in the drawings. Spatially relative terms are
intended to encompass different orientations of an apparatus
in use, operation, and/or manufacture in addition to the ori-
entation depicted in the drawings. For example, if the appa-
ratus in the drawings is turned over, elements described as
“below” or “beneath” other elements or features would then
be oriented “above” the other elements or features. Thus, the
exemplary term “below” can encompass both an orientation
of above and below. Furthermore, the apparatus may be oth-
erwise oriented (e.g., rotated 90 degrees or at other orienta-
tions), and, as such, the spatially relative descriptors used
herein interpreted accordingly.

[0026] The terminology used herein is for the purpose of
describing particular embodiments and is not intended to be
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[IPNELINT)

limiting. As used herein, the singular forms, “a,” “an,” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. Moreover, the terms
“comprises,” comprising,” “includes,” and/or “including,”
when used in this specification, specify the presence of stated
features, integers, steps, operations, elements, components,
and/or groups thereof, but do not preclude the presence or
addition of one or more other features, integers, steps, opera-
tions, elements, components, and/or groups thereof.

[0027] Various exemplary embodiments are described
herein with reference to sectional illustrations that are sche-
matic illustrations of idealized exemplary embodiments and/
or intermediate structures. As such, variations from the
shapes of the illustrations as a result, for example, of manu-
facturing techniques and/or tolerances, are to be expected.
Thus, exemplary embodiments disclosed herein should not be
construed as limited to the particular illustrated shapes of
regions, but are to include deviations in shapes that result
from, for instance, manufacturing. For example, an implanted
region illustrated as a rectangle will, typically, have rounded
or curved features and/or a gradient of implant concentration
at its edges rather than a binary change from implanted to
non-implanted region. Likewise, a buried region formed by
implantation may result in some implantation in the region
between the buried region and the surface through which the
implantation takes place. Thus, the regions illustrated in the
drawings are schematic in nature and their shapes are not
intended to illustrate the actual shape of a region of a device
and are not intended to be limiting.

[0028] Various exemplary embodiments are described
herein with reference to sectional illustrations that are sche-
matic illustrations of idealized exemplary embodiments and/
or intermediate structures. As such, variations from the
shapes of the illustrations as a result, for example, of manu-
facturing techniques and/or tolerances, are to be expected.
Thus, exemplary embodiments disclosed herein should not be
construed as limited to the particular illustrated shapes of
regions, but are to include deviations in shapes that result
from, for instance, manufacturing. For example, an implanted
region illustrated as a rectangle will, typically, have rounded
or curved features and/or a gradient of implant concentration
at its edges rather than a binary change from implanted to
non-implanted region. Likewise, a buried region formed by
implantation may result in some implantation in the region
between the buried region and the surface through which the
implantation takes place. Thus, the regions illustrated in the
drawings are schematic in nature and their shapes are not
intended to illustrate the actual shape of a region of a device
and are not intended to be limiting.

[0029] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this disclosure is a part. Terms, such as those defined in
commonly used dictionaries, should be interpreted as having
ameaning that is consistent with their meaning in the context
of the relevant art and will not be interpreted in an idealized or
overly formal sense, unless expressly so defined herein.
[0030] FIG. 1isaplan sectional view illustrating an organic
light emitting display device in accordance with exemplary
embodiments. FIG. 2 is a cross sectional view illustrating an
organic light emitting display device in accordance with
exemplary embodiments. FIG. 3 is a cross sectional view
illustrating adjacent pixels of an organic light emitting dis-
play device in accordance with exemplary embodiments.
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[0031] Referring to FIG. 1, FIG. 2, and FIG. 3, an organic
light emitting display device 100 may includea substrate 105,
a semiconductor device, an insulation layer 145, a first elec-
trode 150, a pixel defining layer 155, an organic light emitting
layer 160, a second electrode 165, etc.

[0032] A plurality of pixels 10 may be arranged on the
substrate 105. Each of the pixels 10 may have a pixel region
T and a transparent region II. In exemplary embodiments, the
transparent regions 11 of adjacent pixel 11 and 12 regions I
may be combined, as illustrated in FIG. 3. In other words, the
transparent region II of one pixel 11 and the transparent
region 11 of adjacent another pixel 12 may be symmetrically
disposed centering a reference line L.1. Because of such com-
bined transparent regions I1, the organic light emitting display
device 100 may include an entire transparent region 1T having
an increased area by about 20%, so that the organic light
emitting display device 100 may have improved transmit-
tance.

[0033] A buffer layer 110 may be disposed on the substrate
105. The buffer layer 110 may include silicon oxide and/or
silicon nitride. The buffer layer 110 may prevent the diffusion
of impurities or metal ions from the substrate 105. Addition-
ally, the buffer layer 110 may improve the flatness of the
substrate 105. However, the buffer layer 110 may be omitted
in accordance with the ingredients included in the substrate
105.

[0034] The semiconductor device may be disposed on the
substrate 105 or the buffer layer 110. The semiconductor
device may include a thin film transistor, an oxide semicon-
ductor device, or the like. This semiconductor device may
include an active pattern 115, a gate insulation layer 120, a
gate electrode 125, an insulating interlayer 130, a source
electrode 135, and a drain electrode 140. In an example
embodiment, the organic light emitting display device 100
may have improved transmittance when the semiconductor
device is an oxide semiconductor device.

[0035] The insulation layer 145 may be disposed on the
substrate 105 to substantially cover the semiconductor
device. The insulation layer 145 may have an inclined struc-
ture, as illustrated in FIG. 2 and FIG. 3. Because of this
inclined structure of the insulation layer 145, light generated
from the organic light emitting layer 160 may be emitted in
different directions, respectively. Inexemplary embodiments,
the inclined structure of the insulation layer 145 may include
an upper face having different angles with respect to the
substrate 105 in the pixel region 1. Particularly, a first portion
146 of the upper face of the insulation layer 145 may be
substantially in parallel to an upper surface of the substrate
105, and a second portion 147 of the upper surface of the
insulation layer 145 may be downwardly inclined toward the
upper surface of the substrate 105. For example, the second
portion 147 of the upper face of the insulation layer 145 may
have an inclination angle 61 of about 30° to about 60° with
respect to the upper surface of the substrate 105. The organic
light emitting display device 100 may display an image with
the highest resolution when the inclination angle 81 of the
second portion 147 is in a range between about 30° and about
60°. In this case, the organic light emitting display device 100
may be a top emission type organic light emitting display
device.

[0036] When the organic light emitting display device 100
is of the top emission type, some of the light generated from
the organic light emitting layer 160 may be directed into the
transparent region I1 by the inclined structure of the insulation
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layer 145. Thus, a portion of the transparent region IT of the
organic light emitting display device 100 may serve as an
extension of the pixel region 1. That is, the organic light
emitting display device 100 may display the image using the
portion of the transparent region IT as well as the pixel region
1. An area of the portion of the transparent region II utilized
the pixel region I may vary in accordance with the inclination
angle 01 of the second portion 147 of the upper face of the
insulation layer 145. More specifically, as the inclination
angle 01 of the second portion 147 increases, the area of the
portion of the transparent region I utilized as an extension of
the pixel region I may also increase.

[0037] The insulation layer 145 may include an organic
material. Examples of the organic material for the insulation
layer 145 may include photoresist, acryl-based polymer,
polyimide-based polymer, polyamide-based polymer, silox-
ane-based polymer, photosensitive polymer containing car-
boxyl groups, novolac resin, water-soluble alkali resin, and
the like. These may be used alone or in a combination thereof.
Alternatively, the insulation layer 145 may include an inor-
ganic material. Examples of the inorganic material for the
insulation layer 145 may include silicon oxide (Si0,), silicon
nitride (SiN,), silicon oxynitride (SiO,N,), silicon oxycar-
bide (Si0,C)), silicon carbon nitride (SiC,N,), aluminum
oxide (AlO,), titanium oxide (TiO,), magnesium oxide
(MgO,), zinc oxide (Zn0O,), hafnium oxide (HfO,), tantalum
oxide (Ta0,), zirconium oxide (ZrQ,), and the like. These
may be used alone or in a combination thereof.

[0038] Theinsulation layer 145 may have a contact hole in
the pixel region I and an opening 159 in the transparent region
11. The contact hole may expose a portion of the drain elec-
trode 140, and the opening 159 may partially expose the
insulating interlayer 130. As the contact hole and the opening
159 are provided through the insulation layer 145, the pixel
region I and the transparent region II of the organic light
emitting display device 100 may be defined. Further, as
described above, the organic light emitting display device 100
may utilize the portion of the transparent region II as an
extension of the pixel region I, the transparent region I1 of one
pixel 11 and the transparent region 1l of adjacent another pixel
12 may be combined without reducing the resolution of the
image displayed by the organic light emitting display device
100. While light may diverge from the organic light emitting
layer 160 in the different directions by the inclined structure,
as illustrated in FIG. 2 and FIG. 3, the invention may not be
limited thereto. For example, the insulating interlayer 130
may alternatively or additionally include an inclined structure
having an inclination angle substantially the same as or simi-
lar to the above-described inclination angle 61, so that the
light emitted from the organic light emitting layer 160 may be
sent in different directions by the inclined structure of the
insulating interlayer 130.

[0039] The first electrode 150 may be disposed on the insu-
lation layer 145. The first electrode 150 may extend onto the
inclined structure of the insulation layer 145. Hence, a first
portion 151 of the first electrode 150, which is disposed on the
first portion 146 of the upper face of the insulation layer 145,
may be substantially parallel to the upper surface of the sub-
strate 105. Further, a second portion 152 of the first electrode
150, positioned on the second portion 147 of the upper face of
the insulation layer 145, may be inclined downward by an
angle substantially the same as the inclination angle 61 . The
first electrode 150 may include a material having a reflectivity
or amaterial having a transmittance according to the emission
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type of the organic light emitting display device 100. For
example, when the organic light emitting display device 100
is of the top emission type, the first electrode 150 may include
material having transmittance.

[0040] The pixel defining layer 155 may be disposed on the
insulation layer 145 and the first electrode 150. In exemplary
embodiments, the pixel defining layer 155 may include a
pixel opening 157 partially exposing the first electrode 150 in
the pixel region I. In this case, a first portion of a sidewall of
the pixel opening 157 may have an inclination angle different
from an inclination angle of a second portion of the sidewall
of the pixel opening 157. The inclination angle of the first
portion of the sidewall of the pixel opening 157 may be
substantially greater than the inclination angle of the second
portion of the sidewall of the pixel opening 157. For example,
the inclination angle of the first portion of the sidewall of the
pixel opening 157 may be in a range between about 100° and
about 170°, and the inclination angle of the second portion of
the sidewall of the pixel opening 157 may be in a range of
about 90° to about 170°. Therefore, a ratio between the incli-
nation angle of the first portion of the sidewall and the incli-
nation angle of the second portion of the sidewall may be ina
range of about 1.0:0.5 to about 1.0:1.7.

[0041] As illustrated in FIG. 2 and FIG. 3, the opening 159
may be provided through the pixel defining layer 155 and the
insulation layer 145 in the transparent region I1. The opening
159 may expose a portion of the insulating interlayer 130 in
the transparent region 1I. With the formation of the opening
159 through the pixel defining layer 155 and the insulation
layer 145, the pixel and the transparent regions I and 1T may be
completely defined. Here, the pixel opening 157 of the pixel
defining layer 155 may be located in the pixel region 1. When
the opening 159 is provided in the transparent region II, the
organic light emitting display device 100 may have improved
transmittance of incident light from than that of a conven-
tional organic light emitting display device having no open-
ing in a transparent region thereof. Moreover, the opening 159
may be symmetrically disposed between adjacent pixels 11
and 12, such that the organic light emitting display device 100
may have considerably increased transmittance in compatri-
son witha conventional organic light emitting display device.

[0042] The organic light emitting layer 160 may be dis-
posed on the pixel defining layer 155 and the first electrode
150. In exemplary embodiments, the organic light emitting
layer 160 may extend onto the first portions of the sidewall of
the pixel opening 157. Accordingly, a first portion 161 of the
organic light emitting layer 160 positioned on the first portion
151 of the first electrode 150 may be substantially parallel to
the upper surface of the substrate 105, and a second portion
162 of the organic light emitting layer 160 positioned on the
second portion 152 of the first electrode 150 may have an
inclination angle relative to the upper surface of the substrate
105. Here, the second portion 162 of the organic light emit-
ting layer 160 may have the inclination angle substantially the
same as the inclination angle 01 of the second portion 147 of
the upper face of the insulation layer 145. Further, a sidewall
of the organic light emitting layer 160 may be inclined in
accordance with the sidewall of the pixel opening 157.
According to exemplary embodiments, some of the light may
be emitted from the organic light emitting layer 160 normal to
the inclination angle 01 ofthe second portion 147 of the upper
face of the insulation layer 145, and then may proceed into the
transparent region I1. As a result, the organic light emitting
display device 100 have high resolution because a portion of

Mar. 24, 2016

the transparent region I can be utilized as an extension of the
pixel region I without reducing the transmittance of the
organic light emitting display device 100.

[0043] The second electrode 165 may be disposed on the
organic light emitting layer 160 and the pixel defining layer
155 in the pixel region 1. Similarly, a first portion 166 of the
second electrode 165 located on the first portion 161 of the
organic light emitting layer 160 may be substantially parallel
to the upper surface of the substrate 105, and a second portion
167 of the second electrode 165 positioned on the second
portion 162 of the organic light emitting layer 160 may have
an inclination angle relative to the upper surface of the sub-
strate 105, which may be substantially the same as the incli-
nation angle 61 of the second portion 147 of the upper face of
the insulation layer 145. Additionally, portions of the second
electrode 165 on the sidewall of the pixel opening 157 may
have inclination angles substantially the same as the inclina-
tion angles of the first and the second portions of the sidewall
of the pixel opening 157. The second electrode 165 may
include a material substantially the same as that included in
the first electrode 150. In an example embodiment, the second
electrode 165 may include a material having a transmittance
when the organic light emitting display device 100 is of the
top emission type. Alternatively, the second electrode 165
may include a material having a reflectivity when the organic
light emitting display device 100 is of the bottom emission
type.

[0044] The conventional transparent organic light emitting
display device may not have the desired transmittance
because the area of the transparent region decreases when the
area of the pixel region increases so as to improve the reso-
lution of the image. Additionally, the resolution of the image
may deteriorate when the area of the transparent region is
augmented in order to improve the transmittance. Moreover,
although the transparent regions of adjacent pixels may be
continuously arranged to increase the area of the entire trans-
parent region, adjacent pixel regions may be separated by the
widths of two transparent regions. As such, a user may rec-
ognize about 50 percent of the entire area of the adjacent
pixels. The organic light emitting display device 100 in accor-
dance with exemplary embodiments may include the open-
ings 159 of the transparent regions II of the adjacent pixels 11
and 12 substantially symmetrically disposed each other, such
that the entire area of the transparent regions II is increased
relative to that of a conventional organic light emitting dis-
play device. Moreover, because some of the light emitted
from the organic light emitting layer 160 may be directed
toward the transparent region IT by the insulation layer 145
having the inclined structure, the resolution of the image
displayed by the organic light emitting display device 100
may be improved even though the transparent regions 1T of the
adjacent pixels 11 and 12 may be continuously arranged.
[0045] FIG. 4 is a cross sectional view illustrating an
organic light emitting display device in accordance with fur-
ther exemplary embodiments. An organic light emitting dis-
play device 200 illustrated in FIG. 4 may have a configuration
substantially the same as that of the organic light emitting
display device 100 described with reference to FIG. 1, FIG. 2,
and FIG. 3, except for the insulation layer 245.

[0046] Referring to FIG. 4, the organic light emitting dis-
play device 200 may include a substrate 205, a semiconductor
device, the insulation layer 245, a first electrode 250, a pixel
defining layer 255, an organic light emitting layer 260, a
second electrode 265, etc.
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[0047] A buffer layer 210 may be disposed on the substrate
205, and the semiconductor device may be provided on the
bufferlayer 210. Alternatively, the semiconductor device may
be provided directly on the substrate 205 when the buffer
layer 210 may be omitted as described above. The semicon-
ductor device may include an active pattern 215, a gate insu-
lation layer 220, a gate electrode 225, an insulating interlayer
230, a source electrode 235, and a drain electrode 240.
[0048] The insulation layer 245 may be disposed on the
insulating interlayer 230 to cover the source and the drain
electrodes 235 and 240. The insulation layer 245 may include
an inclined structure that may have portions inclined with
respect to an upper surface of the substrate 205. Particularly,
the inclined structure may include a first portion 246 of an
upper face of the insulation layer 245 and a second portion
247 of the upper face of the insulation layer 245. The first
portion 246 of the upper face may be substantially parallel to
the upper surface of the substrate 205, and the second portion
247 of the upper face may be upwardly inclined away from
the substrate 205. For example, the second portion 247 of the
upper face of the insulation layer 245 may have an inclination
angle 62 of about 120° to about 150° relative to the upper
surface of the substrate 205 (and relative to the first portion
246 that is parallel thereto). When the organic light emitting
display device 200 is of a bottom emission type, some of light
emitted from the organic light emitting layer 260 may be
directed toward the transparent region II, so that the organic
light emitting display device 200 may have improved resolu-
tion while increasing the transmittance of the organic light
emitting display device 200.

[0049] FIG. 5, FIG. 6, FIG. 7, F1G. 8, F1G. 9, FIG. 10, and
FIG. 11 are cross sectional views illustrating a method of
manufacturing an organic light emitting display device in
accordance with exemplary embodiments. The method illus-
trated in FIGS. 5 to 11 may provide an organic light emitting
display device having a configuration substantially the same
as or similar to that of the organic light emitting display
device 100 described with reference to FIGS. 1 to 3, however,
the organic light emitting display device 200 may also be
manufactured by modifying or changing the processes of the
method in FIGS. 5 to 11.

[0050] Referring to FIG. 5, a substrate 305 having a pixel
region | and a transparent region Il may be provided. A buffer
layer 310 then may be formed on the substrate 305. The buffer
layer 310 may be formed using silicon oxide and/or silicon
nitride. In some exemplary embodiments, the buffer layer 310
may be omitted depending on the ingredients included in the
substrate 305.

[0051] A semiconductor device may be formed on the
buffer layer 310 or may be directly formed on the substrate
305. In the formation of the semiconductor device, an active
pattern 315 may be formed on the buffer layer 310 or the
substrate 305, and then a gate insulation layer 320 may be
formed on the buffer layer 310 or the substrate 305 to cover
the active pattern 315. A gate electrode 325 may be formed on
a portion of the gate insulation layer 320 over the active
pattern 315. An insulating layer 330 may be formed on the
gate insulation layer 320 to cover the gate electrode 325. A
source electrode 335 and a drain electrode 340 may be formed
through the insulating interlayer 330 and the gate insulation
layer 325 to thereby contact a source region and a drain region
of the active pattern 315, respectively.

[0052] Referring to FIG. 6, a preliminary insulation layer
343 may be formed on the substrate 305 to substantially cover
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the semiconductor device. The preliminary insulation layer
343 may be formed using an organic material, for example,
photoresist, acryl-based polymer, polyimide-based polymer,
polyamide-based polymer, siloxane-based polymer, photo-
sensitive polymer containing carboxyl groups, novolac resin,
water-soluble alkali resin, and the like. Alternatively. the pre-
liminary insulation layer 343 may be formed using an inor-
ganic material, for example, silicon oxide, silicon nitride,
silicon oxynitride, silicon oxycarbide, silicon carbonnitride,
aluminum oxide, titanium oxide, magnesium oxide, zinc
oxide, hafnium oxide, tantalum oxide, zirconium oxide, or
the like. The preliminary insulation layer 343 may be formed
by any suitable process, including but not limited to a spin
coating process, a printing process, a sputtering process, a
chemical vapor deposition (CVD) process, an atomic layer
deposition (ALD) process, a plasma enhanced chemical
vapor deposition (PECVD) process, a high density plasma-
chemical vapor deposition (HDP-CVD) process, or a vacuum
evaporation process in accordance with the ingredients
included in the preliminary insulation layer 343.

[0053] Referring to FIG. 7, the preliminary insulation layer
343 may be pressed using a mold 370 for forming an insula-
tion layer 345 having an inclined structure. For example, the
mold 370 may have a profile substantially opposed to the
inclined structure of the insulation layer 345. Then, the pre-
liminary insulation layer 343 may be cured to complete the
insulation layer 345 including the inclined structure. For
example, the preliminary insulation layer 343 may be cured
by a thermal treatment and/or ultra violet (UV) rays. The
inclined structure may include an upper face of the insulation
layer 345. A first portion 346 of the upper face may be sub-
stantially parallel to an upper surface of the substrate 305
whereas a second portion 347 of the upper face may be
downwardly inclined toward the substrate 305 by a predeter-
mined inclination angle 01. For example, this inclination
angle 61 may be in a range of about 30° to about 60° relative
to the upper surface of the substrate 305 (or a first portion 346
substantially parallel thereto).

[0054] Inexemplary embodiments, the mold 370 may have
a configuration substantially opposed to that of the insulation
layer 345 having the inclined structure. For example, the
mold 370 may have a first pressing face 371 and a second
pressing face 372 corresponding to the first portion 346 and
the second portion 347 of the upper face of the insulation
layer 345. Further, while forming the inclined structure of the
insulation layer 345 using the mold 370, a preliminary open-
ing may be formed in the transparent region I1 and a contact
hole may be formed in the pixel region 1. The contact hole
may expose a portion of the drain electrode 340, and the
preliminary opening may partially expose the insulating layer
345. In some exemplary embodiments, the contact hole and
the preliminary opening may be formed after forming the
inclined structure of the insulation layer 345. In other exem-
plary embodiments, the preliminary opening may be formed
by partially removing a pixel defining layer 355 (see FIG. 9)
and the insulation layer 345 while forming the pixel defining
layer 355.

[0055] Referring to FIG. 8, a first electrode 350 may be
formed on the insulation layer 345 having the inclined struc-
ture. The first electrode 350 may be formed using a material
having transmittance or reflectivity in accordance with the
emission type of the organic light emitting display device.
The first electrode 350 may be formed on the insulation layer
345 along the profile of the inclined structure. Thus, a first
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portion 351 of the first electrode 350 formed on the first
portion 346 of the upper face may be substantially parallel to
the upper surface of the substrate 305, and a second portion
352 of the first electrode 350 formed on the second portion
347 of the upper face may be inclined relative to the substrate
305 by an inclination angle substantially the same as the
inclination angle 61 of the second portion 347 of the upper
face of the insulation layer 345.

[0056] Referring to FIG. 9, the pixel defining layer 355 may
be formed on the insulation layer 345 and the first electrode
350. The pixel defining layer 355 may be formed using an
organic material having a relatively high transmittance, for
example, polyimide-based polymer, polyamide-based poly-
mer, and the like. The pixel defining layer 355 may be par-
tially removed to form a pixel opening 357 in the pixel region
Tand to form an opening 359 in the transparent region II. The
pixel opening 357 may expose a portion of the first electrode
350, and the opening 359 may pass through the pixel defining
layer 355 and the insulation layer 345 to expose a portion of
the insulating interlayer 330. Here, a sidewall of the pixel
opening 357 may include a first portion and a second portion
having different inclination angles, respectively, as described
above.

[0057] Referring to FIG. 10, an organic light emitting layer
360 may be formed on the exposed portion of the first elec-
trode 350 and the pixel defining layer 355. The organic light
emitting layer 360 may be formed over the sidewall of the
pixel opening 357 along the first electrode 350. Hence, a first
portion 361 of the organic light emitting layer 360 formed on
the first portion 351 of the first electrode 350 may be substan-
tially parallel to the upper surface of the substrate 350. Addi-
tionally, a second portion 362 of the organic light emitting
layer 360 formed on the second portion 352 of the first elec-
trode 350 may have an inclination angle 61 with respect to the
substrate 305, which may be substantially the same as that of
the second portion 347 of the upper face of the insulation
layer 345. Moreover, portions of the organic light emitting
layer 360 formed on the sidewall of the pixel opening 357
may have different inclination angles in accordance with the
first and the second portions of the sidewall of the pixel
opening 357. Accordingly, some of the light generated from
the organic light emitting layer 360 may be directed toward a
portion of the transparent region Il by the inclined structure of
the insulation layer 345, and other light emitted from the
organic light emitting layer 360 may be directed toward the
front of the organic light emitting display device. Therefore,
the organic light emitting display device may increase the
resolution of the image by utilizing the light directed into the
transparent region II while maintaining the desired transmit-
tance thereof.

[0058] Referring to FIG. 11, a second electrode 365 may be
formed on the organic light emitting layer 360 and the pixel
defining layer 355. The second electrode 365 may also be
formed using a material having a transmittance or a reflectiv-
ity in accordance with the emission type of the organic light
emitting display device. A portion 366 of the second electrode
365 may be substantially parallel to the substrate 305 and
another portion 367 may be inclined about the substrate 305
as described above. Further, portions of the second electrode
365 formed on the sidewall of the pixel opening 357 may have
inclination angles different from each other.

[0059] FIG.12,FIG.13,FIG. 14,FIG.15,FI1G. 16,FIG. 17,
and FIG. 18 are cross sectional views illustrating a method of
manufacturing an organic light emitting display device in
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accordance with exemplary embodiments. In the method
illustrated in FIGS. 12 to 18, an organic light emitting display
device having a configuration substantially the same as or
similar to that of the organic light emitting display device 100
described with reference to FIGS. 110 3 can be manufactured.
Similarly, the organic light emitting display device 200 may
be manufactured by modifying or changing the processes of
the method in FIGS. 5 to 11.

[0060] Referring to FIG. 12, a semiconductor device may
be formed on a substrate 405 including a pixel region I and a
transparent region II. In some exemplary embodiments, the
semiconductor device may include an oxide semiconductor
device having an active pattern composed of oxide semicon-
ductor. Alternatively, the semiconductor device may be
formed to have a configuration substantially the same as that
of the semiconductor device described with reference to FIG.
5. In the formation of the semiconductor device, an active
pattern 415 may be formed on the buffer layer 410 or the
substrate 405, and then a gate insulation layer 420 may be
formed on the buffer layer 410 or the substrate 405 to cover
the active pattern 415. A gate electrode 425 may be formed on
a portion of the gate insulation layer 420 over the active
pattern 415. An insulating layer 430 may be formed on the
gate insulation layer 420 to cover the gate electrode 425. A
source electrode 435 and a drain electrode 440 may be formed
through the insulating interlayer 430 and the gate insulation
layer 425 to thereby contact a source region and a drain region
of the active pattern 415, respectively.

[0061] Referring to F1G. 13, a preliminary insulation layer
443 may be formed on the substrate 405 to cover the semi-
conductor device 405. The preliminary insulation layer 443
may be formed using silicon oxide, silicon nitride, silicon
oxynitride, silicon carbon nitride, aluminum oxide, titanium
oxide, tantalum oxide, zinc oxide, magnesium oxide, zirco-
nium oxide, hafnium oxide, or the like. The preliminary insu-
lation layer 443 may be obtained by any suitable process,
including but not limited to a spin coating process, a printing
process, a chemical vapor deposition process, an atomic layer
deposition process, a plasma enhanced chemical vapor depo-
sition process, a high density plasma-chemical vapor deposi-
tion process, or a vacuum evaporation process.

[0062] Referring to FIG. 14, the preliminary insulation
layer 443 may be etched to form an insulation layer 445
having an inclined structure. For example, the preliminary
insulation layer 443 may be anisotropically etched by a dry
etching process. Examples of dry etching processes for form-
ing the insulation layer 445 include, but are not limited to, an
ion beam etching process, or a reactive ion etching process. In
the formation of the insulation layer 445 having the inclined
structure, a halfrone mask or a halftone slit mask may be used
to form the inclined structure of the insulation layer 455.
Alternatively, a mask having mask patterns disposed by dif-
ferent distances may be used in the etching process. In this
case, a portion of the preliminary insulation layer 443
exposed between mask patterns separated by a relative large
distance may be more rapidly etched than a portion of the
preliminary insulation layer 443 exposed between mask pat-
terns separated by a relative small distance, so that the
inclined structure may be formed on the insulation layer 445.
As described above, a first portion 446 of an upper face of the
insulation layer 445 may be substantially parallel to an upper
surface of the substrate 405, and a second portion 447 of the
upper face of the insulation layer 445 may be inclined by an
inclination angle 61 of about 30° to about 60° with respect to
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the upper surface of the substrate 405 (and the first portion
446 substantially parallel thereto).

[0063] Referring to FIG. 15, a first electrode 450 may be
formed on the insulation layer 445 having the inclined struc-
ture. The first electrode 450 may be formed using a material
having a transmittance or a reflectivity depending on the
emission type of the organic light emitting display device.
The first electrode 450 may extend on the insulation layer 445
along the profile of the inclined structure so as to have a first
portion 451 substantially parallel to an upper surface of the
substrate 405, and a second portion 452 inclined the same as
a second portion 447 of the upper face of the insulation layer
445.

[0064] Referring to FIG. 16, a pixel defining layer 455 may
be formed on the insulation layer 445 and the first electrode
450. The pixel defining layer 455 may be formed using an
organic material having a relatively high transmittance, such
as polyimide-based polymer, polyamide-based polymer, and
the like. The pixel defining layer 455 may be partially etched
to form a pixel opening 457 in the pixel region I and to form
an opening 459 in the transparent region II. The pixel opening
457 may partially expose the first electrode 450, and the
opening 459 may pass through the pixel defining layer 455
and the insulation layer 445 to partially expose the insulating
interlayer 430. In exemplary embodiments, the openings 459
of adjacent transparent regions Il may be substantially sym-
metrically formed, so that the area of the transparent region 11
of the organic light emitting display device may be increased.
[0065] Referring to FIG. 17, an organic light emitting layer
460 may be formed on the exposed first electrode 450 and the
pixel defining layer 455. As described above, some of the
light generated from the organic light emitting layer 460 may
be directed toward the transparent region II by the inclined
structure of the insulation layer 445, and other light emitted
from the organic light emitting layer 460 may be directed
toward the front of the organic light emitting display device.
Accordingly, the organic light emitting display device may
increase the resolution of the image by utilizing the light
directed into the transparent region II.

[0066] Referring to FIG. 18, a second electrode 465 may be
formed on the organic light emitting layer 460 and the pixel
defining layer 455. The second electrode 465 may be formed
using a material substantially the same as or similar to that of
the first electrode 450. A portion 466 of the second electrode
465 may be substantially parallel to the substrate 405 and
another portion 467 may be inclined about the substrate 405
as described above. Further, portions of the second electrode
465 formed on the sidewall of the pixel opening 457 may have
inclination angles different from each other.

[0067] According to exemplary embodiments, an organic
light emitting display device may include the openings of the
transparent regions of the adjacent pixels substantially sym-
metrically disposed each other. As such, the entire area of
transparent regions may be increased relative to those in a
conventional organic light emitting display device. Moreover,
because some of the light emitted from the organic light
emitting layer may be directed toward the transparent region
by the insulation layer having the inclined structure, the reso-
lution of the image displayed by the organic light emitting
display device may be improved.

[0068] The organic light emitting display device according
to exemplary embodiments may be employed in various elec-
tronic apparatuses, for example, a display apparatus having a
relatively large screen, a smart window, a transparent tablet
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personal computer, a wearable display device, a display appa-
ratus for an automobile, a vessel or an aircraft, or the like.
[0069] Although certain exemplary embodiments and
implementations have been described herein, other embodi-
ments and modifications will be apparent from this descrip-
tion. Accordingly, the inventive concept is not limited to such
embodiments, but rather to the broader scope of the presented
claims and various obvious modifications and equivalent
arrangements.

What is claimed is:

1. An organic light emitting display device comprising:

a substrate having a pixel region and a transparent region;

a semiconductor device disposed on the substrate;

an insulation layer disposed on the semiconductor device,
the insulation layer including an inclined structure;

a first electrode disposed on the insulation layer;

a pixel defining layer disposed on the insulation layer and
the first electrode, the pixel defining layer having a pixel
opening exposing the first electrode positioned on the
inclined structure;

to an organic light emitting layer disposed on the exposed
first electrode and the pixel defining layer; and

a second electrode disposed on the organic light emitting
layer and the pixel defining layer,

wherein light generated from the organic light emitting
layer is directed in different directions by the inclined
structure.

2. The organic light emitting display device of claim 1,
wherein the inclined structure includes an upper face of the
insulation layer having portions inclined by different inclina-
tion angles relative to the substrate.

3. The organic light emitting display device of claim 2,
wherein a first portion of the upper face of the insulation layer
is parallel to an upper surface of the substrate, and a second
portion of the upper face of the insulation layer is inclined
toward the upper surface of the substrate.

4. The organic light emitting display device of claim 3,
wherein the second portion of the upper face of the insulation
layer has an inclination angle of about 30° to about 60° with
respect to the upper surface of the substrate.

5. The organic light emitting display device of claim 4,
wherein a first portion of the first electrode on the first portion
of the upper face of the insulation layer is parallel to the upper
surface of the substrate, and a second portion of the first
electrode on the second portion of the upper face of the
insulation layer has an inclination angle substantially identi-
cal to the inclination angle of the second portion of the upper
face.

6. The organic light emitting display device of claim 5,
wherein a first portion of the organic light emitting layer on
the first portion of the first electrode is parallel to the upper
surface of the substrate, and a second portion of the organic
light emitting layer on the second portion of the first electrode
has an inclination angle substantially identical to the inclina-
tion angle of the second portion of the first electrode.

7. The organic light emitting display device of claim 3,
wherein the organic light emitting layer extends onto a side-
wall of the pixel opening.

8. The organic light emitting display device of claim 3,
wherein the organic light emitting display device is a top
emission type.

9. The organic light emitting display device of claim 2,
wherein a first portion of the upper face of the insulation layer
is parallel to an upper surface of the substrate, and a second
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the upper face of the insulation layer is inclined away from the
upper surface of the substrate.

10. The organic light emitting display device of claim 9,
wherein the second the upper face of the insulation layer has
an inclination angle of about 120° to about 150° with respect
to the upper surface of the substrate.

11. The organic light emitting display device of claim 9,
wherein the organic light emitting display device is a bottom
emission type.

12. The organic light emitting display device of claim 1,
further comprising an opening provided through the insula-
tion layer and the pixel defining layer in the transparent
region, wherein openings of adjacent pixels are symmetri-
cally arranged each other.

13. The organic light emitting display device of claim 1,
wherein a first portion of a sidewall of the pixel opening has
an inclination angle greater than an inclination angle of a
second portion of the sidewall of the pixel opening.

14. The organic light emitting display device of claim 13,
wherein a ratio between the inclination angle of the first
portion and the inclination angle of the second portion is in a
range of about 1.0:0.5 to about 1.0:1.7.

15. A method of manufacturing an organic light emitting
display device, comprising:

providing a substrate having a pixel region and a transpar-

ent region;

forming a semiconductor device on the substrate;

forming an insulation layer including an inclined structure

on the semiconductor device;

forming a first electrode on the insulation layer;

forming a pixel defining layer on the insulation layer and

the first electrode, the pixel defining layer having a pixel
opening exposing the first electrode positioned on the
inclined structure;
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forming an organic light emitting layer on the exposed first
electrode and the pixel defining layer; and

forming a second electrode on the organic light emitting
layer and the pixel defining layer.

16. The method of claim 15, wherein the inclined structure
is formed in a configuration to cause light generated from the
organic light emitting layer to be directed in different direc-
tions.

17. The method of claim 15, wherein forming the insula-
tion layer includes:

forming the insulation layer on the substrate to cover the
semiconductor device;

pressing the insulation layer using a mold having a profile
opposed to the inclined structure; and

curing the insulation layer.

18. The method of claim 15, wherein forming the insula-
tion layer includes:

forming the insulation layer on the substrate to cover the
semiconductor device; and

partially removing the insulation layer using a mask having
mask patterns disposed at different distances.

19. The method of claim 15, further comprising forming an
opening by partially removing the pixel defining layer and the
insulation layer in the transparent region, wherein openings
of adjacent pixels are symmetrically arranged with each
other.

20. The method of claim 19, wherein the organic light
emitting layer is formed to extend onto a sidewall of the pixel
defining layer.
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