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(57) A transparent organic light emitting display de-
vice comprising a transparent base substrate, a semi-
conductor device disposed on the transparent base sub-
strate, a display structure electrically connected to the
semiconductor device, and a protection layer comprising
a blue dye disposed on the display structure. The pro-
tection layer may improve the transparency of the trans-

parent base substrate by calibrating discoloration of the
transparent base substrate. Thus, the transparent dis-
play device including the protection layer may ensure an
enhanced transparency. Further, the transparent display
device may have an enhanced mechanical strength and
an increased heat resistance because of the transparent
base substrate.
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Description

[0001] The invention relates to transparent display devices and methods of manufacturing transparent display devices.
[0002] Recently, a transparent display device has been rapidly developed. In the conventional transparent display
device, an image of an object before or after a transparent region of the transparent display device may be recognized
by a user when the transparent display device operates in an "OFF" state. In an "ON" state of the transparent display
device, an image may be displayed in a pixel region of the transparent display device.
[0003] In the conventional transparent display device, a base substrate may be formed using polyimide so as to
improve the flexibility of the transparent display device. However, such a base substrate may not have a desired level
of heat resistance and mechanical strength. So the conventional transparent display device may provide neither desired
level of transparency nor proper mechanical strength.
[0004] The above information disclosed in this Background 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.
[0005] The invention provides transparent display devices including transparent base substrates to enhance trans-
parencies and mechanical strengths.
[0006] The invention provides a method of manufacturing transparent display devices including transparent base
substrates to enhance transparencies and mechanical strengths
[0007] 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.
[0008] According to one aspect of the invention, there is provided a transparent organic light emitting display device
comprising a transparent base substrate, a semiconductor device disposed on the transparent base substrate, a display
structure electrically connected to the semiconductor device, and a protection layer comprising a blue dye disposed on
the display structure.
[0009] In example embodiments, the protection layer may comprise an adhesion film and a protection film. The blue
dye may be contained in at least one of the adhesion film and the protection film. For example, the adhesion film may
comprise a pressure sensitive adhesive (PSA) containing the blue dye.
[0010] In example embodiments, the adhesion film may comprise a polymer polymerized with a monomer and the
blue dye. The adhesion film may comprise an acryl-based resin combined with the blue dye.
[0011] In some example embodiments, the transparent organic light emitting display device may additionally comprise
an encapsulation layer covering the display structure. The adhesion film may be attached to the encapsulation layer.
[0012] In example embodiments, the blue dye may comprise anthraquinone-based blue dye, azo-based blue dye
and/or phthalocyanine-based blue dye.
[0013] In some example embodiments, the protection layer may comprise blue pigment particles.
[0014] In example embodiments, the transparent base substrate may be a transparent polymer substrate or a colored
polymer substrate. For example, the colored polymer substrate may comprise a polyimide-based material containing
an electron donor unit combined between adjacent imide units, and a charge transfer complex formed by a molecular
interaction between the electron donor unit and the imide unit serving as an electron acceptor unit. The colored polymer
substrate may have a yellow color. Additionally, the transparent base substrate may comprise a transparent polyimide-
based material.
[0015] In example embodiments, the display structure comprises an organic light emitting layer or a liquid crystal layer.
In this case, the display structure may comprise a first electrode electrically connected to the semiconductor device, and
a second electrode opposed to the first electrode. The organic light emitting layer or the liquid crystal layer may be
disposed between the first electrode and the second electrode.
[0016] According to one aspect of the invention, there is provided a method of manufacturing a transparent organic
light emitting display device. In the method, a transparent base substrate is formed on a carrier substrate. A semiconductor
device is formed on a transparent base substrate. An insulation layer is formed on the transparent base substrate to
substantially cover the semiconductor device. A display structure is formed on the insulation layer. The display structure
is electrically connected to the semiconductor device. An encapsulation layer may be formed to substantially cover the
display structure. A protection layer comprising a blue dye is formed on the encapsulation layer.
[0017] When forming the protection layer according to example embodiments, an adhesion film may be formed on a
surface of a protection film. The blue dye may be contained in the adhesion film and/or the protection film.
[0018] In some example embodiments, the adhesion film may be attached to the encapsulation layer.
[0019] When forming the adhesion film according to example embodiments, an adhesion composition containing the
blue dye, a monomer, a polymerization initiator and a solvent may be coated on the surface of the protection film. Here,
a polymer resin may be formed by a polymerization of the blue dye and the monomer. The monomer may include an
acryl-based monomer and the polymer resin may include an acryl-based resin combined with the blue dye. Examples
of the acryl-based monomer may include methacrylic acid, acrylic acid, methyl methacrylate, benzyl methacrylate, 2-
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hydroxyethyl methacrylate, aryl methacrylate and/or glycidyl methacrylate.
[0020] When forming the protection layer according to some example embodiments, an adhesion film may be formed
on an upper surface of the encapsulation layer. A protection film may be formed on the adhesion film. Here, the blue
dye may be contained in at least one of the adhesion film and the protection film.
[0021] In the formation of the adhesion film according to some example embodiments, an adhesion composition
comprising the blue dye, a monomer, a polymerization initiator and a solvent may be coated onto the upper surface of
the encapsulation layer. Here, a polymer resin may be formed by a polymerization of the blue dye and the monomer.
[0022] In example embodiments, the transparent base substrate may be attached on a carrier substrate, and then the
carrier substrate may be separated from transparent base substrate after forming the encapsulation layer. Alternatively,
the carrier substrate may be separated after forming the protection layer.
[0023] According to example embodiments, the adhesion film and/or the protection film comprising the blue dye may
improve the transparency of the transparent base substrate by calibrating discoloration of the transparent base substrate.
Thus, the transparent display device including the protection layer may provide enhanced transparency. Moreover, the
transparent base substrate may have enhanced mechanical strength and increased heat resistance because of the
charge transfer complex, so that the transparent display device may also have enhanced mechanical strength and
increased heat resistance.
[0024] 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.
[0025] 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.

FIG. 1 is a cross-sectional view illustrating a transparent display device in accordance with example embodiments.
FIGS. 2 through 7 are cross-sectional views illustrating a method of manufacturing a transparent display device in
accordance with example embodiments.
FIGS. 8 through 14 are cross-sectional views illustrating a method of manufacturing a transparent display device
in accordance with some example embodiments.

[0026] FIG. 1 is a cross-sectional view illustrating a transparent display device in accordance with example embodi-
ments.
[0027] Referring to FIG. 1, a transparent display device 100 may include a transparent base substrate 105, a semi-
conductor device, a display structure, an encapsulation layer 165, a protection layer 180, etc.
[0028] The transparent base substrate 105 may support the elements of the transparent display device 100. For
example, the transparent base substrate 105 may include a polymer having a desired flexibility, and thus the transparent
display device 100 may be a flexible transparent display device.
[0029] In example embodiments, the transparent base substrate 105 may include a polyimide-base material. Here,
an electron donor unit may be combined with adjacent nitrogen atoms of an imide unit contained in the polyimide-base
material. Examples of the electron donor unit may include an aromatic ring such as benzene. The imide unit in the
polyimide-base material may serve as an electron acceptor unit. A charge transfer complex (CTC) may be formed
because of the molecular interaction between the electron donor unit and the electron acceptor unit. Accordingly, the
transparent base substrate 105 may have enhanced heat resistance and improved mechanical strength. The charge
transfer complex may absorb a light having a wavelength of about 560nm to about 580nm so that the transparent base
substrate 105 may be a colored base substrate having, for example, a yellow color.
[0030] In some example embodiments, functional groups having a relatively high electronegativity such as -CF3 or
-SiO2 may be introduced between the imide units or into the imide unit. This may decrease the electron density of the
imide unit and suppress the formation of the charge transfer complex. Further, a relatively bulky functional group con-
taining a plurality of aromatic rings may be introduced between the imide units or into the imide unit, which may inhibit
the formation of the charge transfer complex. Accordingly, the transparent base substrate 105 may serve as a substantially
transparent polymer substrate. That is, the transparent polymer substrate may include a polyimide-base material.
[0031] The semiconductor device may be disposed on the transparent base substrate 105. The semiconductor device
may include a thin film transistor (TFT). Additionally, wirings electrically connected to the semiconductor device may be
arranged on the transparent base substrate 105. In some example embodiments, the semiconductor device may include
an active pattern 110, a gate insulation layer 115, a gate electrode 120, a source electrode 130 and a drain electrode 135.
[0032] Although it is not shown, a barrier layer may be additionally disposed on the transparent base substrate 105.
The barrier layer may have a structure in which silicon compound layers containing silicon oxide (SiOx) or silicon nitride
(SiNx) may be stacked on the transparent base substrate 105. The barrier layer may prevent oxygen and/or moisture
from being permeated into the transparent base substrate 105.
[0033] In example embodiments, a buffer layer (not illustrated) may be disposed on the barrier layer. The buffer layer
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may include a silicon compound, for example, silicon oxide, silicon nitride, silicon oxynitride (SiOxNy), etc. The buffer
layer may have a single layer structure or a multilayer structure. The buffer layer may prevent the diffusion of impurities,
metal ions and/or moisture toward the overlying structures.
[0034] The active pattern 110 of the semiconductor device may be disposed on the transparent base substrate 105
or the buffer layer. The active pattern 110 may include polysilicon, amorphous silicon, partially crystallized silicon,
microcrystal containing silicon, etc. Alternatively, the active pattern 110 may include oxide semiconductor.
[0035] The gate insulation layer 115 may be disposed on the transparent base substrate 105 to substantially cover
the active pattern 110. The gate insulation layer 115 may include a silicon compound, for example, silicon oxide, silicon
nitride, silicon oxynitride, etc.
[0036] The gate electrode 120 may be disposed on the gate insulation layer 115. The gate electrode 120 may be
positioned on a portion of the gate insulation layer 115 under which the active pattern 110 is located. The gate electrode
120 may include metal, alloy, metal nitride, etc. For example, the gate electrode 120 may include molybdenum (Mo),
alloy containing molybdenum, aluminum (Al), alloy containing aluminum, aluminum nitride (AlNx), silver, alloy containing
silver, tungsten (W), tungsten nitride (WNx), copper (Cu), alloy containing copper, nickel (Ni), titanium (Ti), titanium
nitride (TiNx), platinum (Pt), tantalum (Ta), tantalum nitride (TaNx), etc. Alternatively, the gate electrode 120 may include
a transparent conductive material such as indium tin oxide, indium zinc oxide, etc.
[0037] An insulating interlayer 125 may be disposed on the gate insulation layer 115 and the gate electrode 120. The
insulating interlayer 125 may include a silicon compound, for example, silicon oxide, silicon nitride, etc.
[0038] The source electrode 130 and the drain electrode 135 may be disposed on the insulating interlayer 125. The
source and the drain electrodes 130 and 135 may pass through the insulating interlayer 125 and the gate insulation
layer 115, and then may contact the active pattern 110. Each of the source and the drain electrodes 130 and 135 may
include metal, alloy, metal nitride, conductive metal oxide, etc. Alternatively, each of the source and the drain electrodes
130 and 135 may include a transparent conductive material.
[0039] The wirings may be electrically connected to the semiconductor device. For example, the wirings may include
a scan line electrically connected to the gate electrode 120, and a data line electrically connected to the source electrode
130.
[0040] An insulation layer 140 may be disposed on the insulating interlayer 125 to cover the semiconductor device
and the wirings. For example, the insulation layer 140 may include acryl-based resin, polyimide-based resin, epoxy-
based resin, polyester-based resin, etc.
[0041] The display structure may be disposed on the insulation layer 140. The display structure may include a first
electrode 145, a display layer 155 and a second electrode 160.
[0042] The first electrode 145 may be positioned on the insulation layer 140. The first electrode 145 may be electrically
connected to the drain electrode 135. For example, the first electrode 145 may pass through the insulation layer 140,
and then may contact the drain electrode 135. The first electrode 145 may include metal, alloy, metal nitride, conductive
metal oxide, etc. The first electrode 145 may serve as a reflective electrode or a transmissive electrode in accordance
with the type of the transparent display device 100.
[0043] A pixel defining layer 150 may be disposed the insulation layer 140. The pixel defining layer 150 may substantially
cover a peripheral portion of the first electrode 145, and may define a display region, a pixel region or a luminescent
region of the transparent display device 100. For example, the pixel defining layer 150 may include photoresist, acryl-
based resin, polyimide-based resin, polyamide-based resin, etc.
[0044] The display layer 155 may be located on the first electrode 145. In example embodiments, the display layer
155 may include an organic light emitting layer. Here, the transparent display device 100 may be a transparent organic
light emitting display device. The organic light emitting layer may additionally include a hole transfer layer (HTL), an
electron transfer layer (ETL), etc.
[0045] In some example embodiments, the display layer 155 may include a liquid crystal layer, and thus the transparent
display device 100 may be a transparent liquid crystal display device. In this case, an alignment layer for the alignment
of liquid crystal molecules may be disposed on the first electrode 145 and/or the second electrode 160.
[0046] Although the display layer 155 extends on the pixel defining layer 150 from the first electrode 145 in FIG. 1,
the display layer 155 may be confined by a pixel opening of the pixel defining layer exposing the first electrode 145.
[0047] The second electrode 160 may be disposed on the display layer 155. For example, the second electrode 160
may extend onto the pixel defining layer 150. The second electrode 160 may include metal, metal nitride, transparent
conductive metal oxide, etc.
[0048] The encapsulation layer 165 may be disposed on the second electrode 160 to cover the display structure. For
example, the encapsulation layer 165 may substantially cover a front surface of the transparent display device 100. The
encapsulation layer 165 may include a transparent organic material or a silicon-based material.
[0049] The protection layer 180 may be disposed on the encapsulation layer 165 to protect the display structure. In
example embodiments, the protection layer 180 may include an adhesion film 170 and a protection film 175. At least
one of the adhesion film 170 and the protection film 175 may contain a blue dye. Examples of the blue dye may include
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anthraquinone-based blue dye, azo-based blue dye, phthalocyanine-based blue dye, etc. These may be used alone or
in a mixture thereof. The blue dye may selectively absorb a light having a wavelength of about 460nm to about 480nm.
[0050] The adhesion film 170 may include a pressure sensitive adhesive (PSA). Alternatively, the adhesion film 170
may include a polymer resin formed by a polarization of the blue dye and a monomer. For example, the adhesion film
170 may include an acryl-based resin combined with the blue dye.
[0051] The protection film 175 may be attached to the front surface of the transparent display device 100 to prevent
moisture and dusts from being permeated into the transparent display device 100 from an outside. Additionally, the
protection film 175 may prevent the transparent display device 100 from damages, such as scratch. In example embod-
iments, the protection film 175 may include the blue dye so that the protection film 175 and/or the adhesion film 170
may perform a color calibration of an image displayed on the transparent display device 100.
[0052] As described above, when the transparent base substrate 105 is the colored polymer substrate having the
yellow color, the adhesion film 170 may calibrate a large yellow index caused by the charge transfer complex existing
in the colored polymer substrate. For example, the blue color of the adhesion film 170 may be superimposed with the
yellow color of the colored polymer substrate to achieve the transparency of the transparent base substrate 105. There-
fore, the charge transfer complex may improve the mechanical strength and the heat resistance of the transparent base
substrate 105 while enhancing transparency of the transparent base substrate 105 by the adhesion film 170.
[0053] In some example embodiments, when the transparent base substrate 105 is the transparent polymer substrate,
it may have relatively low heat resistance and mechanical strength compared to the colored polymer substrate. Thus,
the transparent base substrate 105 may be discolored such as yellowing by a thermal treatment when forming the active
pattern 110 or a curing the elements such as an organic material. In this case, the adhesion film 170 may calibrate the
yellowing of the transparent base substrate 105 to improve the transparency of the transparent base substrate 105.
[0054] According to example embodiments, an amount of the blue dye may be properly adjusted to address the
discoloration of the transparent base substrate 105. In some example embodiments, the protection layer 180 may
additionally include blue pigment particles. Examples of the blue pigment particles may include phthalocyanine-based
blue pigment particles, cobalt blue-based pigment particles, prussian blue-based pigment particles, turkey blue-based
pigment particles, etc. These may be used alone or in a mixture thereof. For example, the blue pigment particles may
have an average diameter of about 10nm to about 100nm.
[0055] FIGS. 2 through 7 are cross-sectional views illustrating a method of manufacturing a transparent display device
in accordance with example embodiments.
[0056] Referring to FIG. 2, a transparent base substrate 105 may be attached on a carrier substrate 200. The carrier
substrate 200 may include, for example, a glass substrate. The transparent base substrate 105 may be the above-
described colored polymer substrate or the transparent polymer substrate.
[0057] Referring to FIG. 3, a semiconductor device and wirings may be formed on the transparent base substrate 105,
and then a display structure may be formed over the semiconductor device and wirings. The semiconductor device may
include an active pattern 110, a gate insulation layer 115, a gate electrode 120, a source electrode 130 and a drain
electrode 135. The wirings may include a scan line, a data line, etc.
[0058] Although it is not illustrated, a barrier layer may be formed on the transparent base substrate 105. The barrier
layer may prevent permeation of moisture and/or oxygen into the transparent base substrate 105 from outside. The
barrier layer may be formed of silicon oxide, silicon nitride, etc. Additionally, a buffer layer may be formed on the barrier
layer to prevent diffusion of impurities, metal ions and/or moisture into the overlying elements of the transparent display
device. The buffer layer may be formed using silicon oxide, silicon nitride, silicon oxynitride, etc.
[0059] The active pattern 110 may be formed on the buffer layer or and transparent base substrate 105. The active
pattern 110 may be formed using polysilicon, amorphous silicon, partially crystallized silicon, silicon containing micro
crystals, or oxide semiconductor such as indium zinc oxide, indium tin oxide, indium gallium zinc oxide, etc.
[0060] The gate insulation layer 115 may be formed on the buffer layer or the transparent base substrate 105 to
substantially cover the active pattern 110. The gate insulation layer 115 may be formed of silicon oxide, silicon nitride,
silicon oxynitride, etc.
[0061] The gate electrode 120 may be formed on the gate insulation layer 115. The gate electrode 120 may be located
directly over the active pattern 110. The gate electrode 120 may be formed of metal, alloy, metal nitride, transparent
conductive metal oxide, etc.
[0062] An insulating interlayer 125 may be formed on the gate insulation layer 115 to cover the gate electrode 120.
The insulating interlayer 125 may have a substantially level upper surface. The insulating interlayer 125 may be formed
using silicon oxide, silicon nitride, silicon oxynitride, etc.
[0063] The source and the drain electrodes 130 and 135 may be formed on the insulating interlayer 125. After forming
contact holes exposing portions of the active pattern 110 through the insulating interlayer 125 and the gate insulation
layer 115, the source and the drain electrodes 130 and 135 may be formed to substantially fill the contact holes. Each
of the source and the drain electrodes 130 and 135 may be formed using metal, alloy, metal nitride, transparent conductive
metal oxide, etc.
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[0064] An insulation layer 140 may be formed on the insulating layer 125 to cover the source and the drain electrodes
130 and 135. The insulation layer 140 may be formed using an acryl-based resin, a polyimide-based resin, an epoxy-
based resin, a polyester-based resin etc.
[0065] A display structure including a first electrode 145, a display layer 155 and a second electrode 160 may be
formed in the insulation layer 140.
[0066] The first electrode 145 may be formed on the insulation layer 140. After a hole exposing the drain electrode
135 may be formed through the insulation layer 140, the first electrode 145 may be formed in the hole to contact the
drain electrode 135. The first electrode 145 may be formed of a material either reflective or transmissive depending on
the type of the transparent display device.
[0067] A pixel defining layer 150 may be formed on the first electrode 145 and the insulation layer 140. The pixel
defining layer 150 may be formed of polyimide-based resin, photoresist, polyacryl-based resin, polyamide-based resin,
acryl-based resin, etc. A pixel opening may be formed through pixel defining layer 150. The pixel opening may partially
expose the first electrode 145.
[0068] The display layer 155 may be formed on the exposed first electrode 145. The display layer 155 may include
an organic light emitting layer or a liquid crystal layer in accordance with the type of the transparent display device.
[0069] The second electrode 160 may be formed on the display layer 155 and the pixel defining layer 150. The second
electrode 160 may serve as a common electrode between adjacent pixels. The second electrode 160 may also be
formed of a material either reflective or transmissive depending on the type of the transparent display device.
[0070] Referring to FIG. 3 again, an encapsulation layer 165 (see FIG. 1) may be formed on the second electrode
160. The encapsulation layer 165 may cover the display structure. The encapsulation layer 165 may be substantially
opposed to the transparent base substrate 105.
[0071] Referring to FIG. 4, a protection layer 180 may be provided. In forming of the protection layer 180 according
to example embodiments, an adhesion film 170 may be formed on a protection film 175 by coating an adhesion com-
position containing a blue dye on a surface of the protection film 175. The adhesion composition may include the blue
dye, a monomer such as an acryl-based monomer, a polymerization initiator and a solvent. The blue dye and the
monomer may be combined and/or polymerized to form a polymer resin combined with the blue dye. When the acryl-
based monomer is used, an acryl-based resin combined with the blue dye may be used to form the adhesion film 170.
[0072] Examples of the acryl-based monomer may include methacrylic acid, acrylic acid, methyl methacrylate, benzyl
methacrylate, 2- hydroxyethyl methacrylate, aryl methacrylate, glycidyl methacrylate, etc. These may be used alone or
in a mixture thereof.
[0073] Examples of the blue dye may include a compound represented by the following Formula I:

[0074] In the above Formula I, R indicates a reactive functional group such as an alkene group (e.g. a C2-C6 alkene
group), and can combine with the acryl-based monomer by an addition reaction or a condension reaction. For example,
the acryl-based resin combined with the blue dye may be obtained by a reaction between the acryl-based monomer and
the compound of Formula I. When R is -CH=CH2 in the above Formula I, the acryl-based resin combined with the blue
dye may be represented by the following Formula II:
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[0075] In the above Formula II, x and y are positive integers, and the sum of x and y is in a range of about 2 to about 1,000.
[0076] In some example embodiments, the acryl-based resin combined with the blue dye may be of about 3 to about
20 percent by weight based on a total weight of the adhesion composition. When the content of the acryl-based resin
combined with the blue dye is below about 3 percent by weight, the adhesion film 170 formed from the adhesion
composition may have low mechanical strength. When the content of the acryl-based resin combined with the blue dye
is above 20 percent by weight, the adhesion film 170 may not be uniform in thickness.
[0077] The polymerization initiator may generate radicals by a heat or a light, and may accelerate a polymerization
reaction between the monomer and the blue dye. For example, the polymerization initiator may include an azo-based
compound, azonitril-based compound, an azoamide-based compound, an azoamidine-based compound, a maxro-azo-
based compound, an acetophenone-based compound, a benzophenone-based compound, an oxime-based compound,
etc. These may be used alone or in a mixture thereof.
[0078] The polymerization initiator may have a content of about 0.5 to about 5 percent by weight based on the total
weight of the adhesion composition. When the content of the polymerization initiator is below 0.5 percent by weight, the
polymerization reaction may not be able to be properly occurred. When the content of the polymerization initiator is
above 5 percent by weight, the polymerization initiator may not be desirably controlled in the adhesion composition.
[0079] Examples of the solvent may include propyleneglycolmonomethylether acetate, ethylethoxypropionate, cy-
clohexanone, dipropyleneglycolmonomethylether acetate, n-butylacetate, isobutylacetate, ethyleneglycolmonomethyl-
acetate, ethyleneglycol n-butylacetate, diethyleneglycoldimethylether, dipropyleneglycolmonomethylacetate, diethyl-
eneglycolmethylether, dipropyleneglycol n-butylether, tripropyleneglycol n-butylether, tripropyleneglycolmethylether,
propyleneglycolmethylether acetate, propyleneglycoldiacetate, 3-ethoxy methyl propionate, methanol, ethanol, methyl-
cellusolvemonomethylether, ethylcellusolve acetate, diethyleneglycolmonomethylether, methylethylketone, 4-hydroxy-
4-methyl-2-pentanone, 2-hydroxy-2-methylethylproprionate, etc. These may be used alone or in a mixture thereof. The
solvent may have a content of about 75 to about 95 percent by weight based on the total weight of the adhesion
composition.
[0080] In some example embodiments, the adhesion composition may additionally include blue pigment particles.
Such blue pigment particles may enhance the color calibration of the adhesion film 170. Examples of the blue pigment
particles may include phthalocyanine-based blue pigment particles, cobalt blue-based pigment particles, prussian blue-
based pigment particles, turkey blue-based pigment particles, etc. These may be used alone or in a mixture thereof. For
example, the blue pigment particles may have an average diameter of about 10nm to about 100nm. The blue pigment
particles may have a content of about 1.0 to about 10.0 percent by weight based on the total adhesion composition.
When the content of the blue pigment particles is above 10 percent by weight, the adhesion composition may not be
properly cured.
[0081] In some example embodiments, the adhesion composition may additionally include additives such as a cross-
linking agent, a surfactant, etc. The cross-linking agent may accelerate a cross-linking between the acryl-based monomer
and the blue dye. For example, the cross-linking agent may include an inorganic chelating agent or an organic chelating
agent. Examples of the surfactant may include FZ-2110 or FZ-2122 (Dow Corning Co., U.S.A.), or BYK-345 (BYK Co.,
U.S.A.).
[0082] As described above, the polymer resin combined with the blue dye may be obtained from the adhesion com-
position according to example embodiments. The blue dye may be desirably confined in the adhesion film 170 by directly
combining the blue dye with the monomer, so that the adhesion film 170 may have improved reliability. Further, the blue
dye may be contained in the polymer resin to prevent the localization of the blue dye. Therefore, the transparent base
substrate 105 may have an entirely uniform transparency because of uniform distribution of the blue dye in the adhesion
film 170.
[0083] In some example embodiments, the adhesion composition may be cured by a thermal treatment of a UV
irradiation after attaching the adhesion film 170 to the surface of the protection film 175. By curing the adhesion com-
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position, the blue dye and the monomer may be combined and/or condensed to obtain the polymer resin combined with
the blue dye.
[0084] In other example embodiments, the blue dye may be distributed in the adhesion composition. Here, the mon-
omers may be polymerized and/or co-polymerized to obtain the polymer resin combined with the blue dye.
[0085] Referring to FIG. 5, the protection layer 180 may be attached to the encapsulation layer 165. The protection
layer 180 may prevent the underlying structures from impurities, moisture, scratch, etc. For example, the protection film
175 may include a transparent resin such as polyethylene terephthalate (PET), polycarbonate (PC), polyvinyl chloride
(PVC), etc. In example embodiments, the protection film 175 may be formed using a transparent resin containing the
above-described blue dye. Accordingly, the protection film 175 may also perform the color calibration of the image as
the adhesion film 170.
[0086] In some example embodiments, an optical layer and an additional transparent substrate may be provided on
the protection layer 180.
[0087] Referring to FIGS. 6 and 7, the carrier substrate 200 may be separated from the transparent base substrate
105. For example, the carrier substrate 200 may be detached from the transparent base substrate 105 by irradiating a
laser onto an interface between the carrier substrate 200 and the transparent base substrate 105. Alternatively, the
carrier substrate 200 may be separated by applying mechanical force to the interface between the carrier substrate 200
and the transparent base substrate 105.
[0088] The carrier substrate 200 may be separated after forming the adhesion film 170 and the protection film 175 on
the encapsulation layer 165. In some example embodiments, the carrier substrate 200 may be separated from the
transparent base substrate 105 before forming the protection layer 180 on the encapsulation layer 165.
[0089] FIGS. 8 to 14 are cross-sectional views illustrating a method of manufacturing a transparent display device in
accordance with some example embodiments. In the method illustrated in FIGS. 8 to 14, detailed descriptions of proc-
esses and/or elements substantially the same as the processes and/or the elements described with reference to FIGS.
2 to 7 will be omitted.
[0090] Referring to FIG. 8, a transparent base substrate 205 such as a colored polymer substrate or a transparent
polymer substrate may be formed on a carrier substrate 300 such as a glass substrate.
[0091] Referring to FIG. 9, a semiconductor device and wirings may be formed on the transparent base substrate 205.
The semiconductor device may include an active pattern 210, a gate insulation layer 215, a gate electrode 220, a source
electrode 230 and a drain electrode 235. The wirings may be electrically connected to the semiconductor device.
[0092] Although it is not illustrated, a barrier layer may be formed on the transparent base substrate 205 so as to
prevent the permeation of moisture and/or oxygen into the transparent base substrate 205. The barrier layer may be
formed using silicon oxide, silicon nitride, etc. Further, a buffer layer may be formed on the barrier layer to prevent the
diffusion of impurities, metal ions and/or moisture into the overlying elements of the transparent display device. The
buffer layer may be formed using silicon oxide, silicon nitride, silicon oxynitride, etc.
[0093] The active pattern 210 may be formed on the buffer layer or and transparent base substrate 205 using polysilicon,
amorphous silicon, partially crystallized silicon, silicon containing micro crystals, or oxide semiconductor such as indium
zinc oxide, indium tin oxide, indium gallium zinc oxide, etc.
[0094] The gate insulation layer 215 may be formed on the buffer layer or the transparent base substrate 205 to
substantially cover the active pattern 210. The gate insulation layer 215 may be formed using silicon oxide, silicon nitride,
silicon oxynitride, etc.
The gate electrode 220 may be formed on the gate insulation layer 215 using metal, alloy, metal nitride, transparent
conductive metal oxide, etc. The gate electrode 120 may be located directly over the active pattern 210.
[0095] An insulating interlayer 225 may be formed on the gate insulation layer 215 to cover the gate electrode 220
using silicon oxide, silicon nitride, silicon oxynitride, etc. The insulating interlayer 225 may have a substantially flat upper
surface.
[0096] The source and the drain electrodes 230 and 235 may be formed on the insulating interlayer 225. The source
and the drain electrodes 230 and 235 may pass through the insulating interlayer 225 and the gate insulation layer 215,
and then may make contact a source region and a drain region of the active pattern 210, respectively. Each of the source
and the drain electrodes 230 and 235 may be formed using metal, alloy, metal nitride, transparent conductive metal
oxide, etc.
[0097] An insulation layer 240 may be formed on the insulating layer 225 to cover the source and the drain electrodes
230 and 235 using an acryl-based resin, a polyimide-based resin, an epoxy-based resin, a polyester-based resin etc.
[0098] A display structure including a first electrode 245, a display layer 255 and a second electrode 260 may be
formed in the insulation layer 240. The first electrode 245 may pass through the insulation layer 240 and may contact
the drain electrode 235. The first electrode 245 may be formed using a material having a reflectivity or a transmittance
in accordance with the emission type of the transparent display device.
[0099] A pixel defining layer 250 may be formed on the first electrode 245 and the insulation layer 240 using polyimide-
based resin, photoresist, polyacryl-based resin, polyamide-based resin, acryl-based resin, etc. A pixel opening partially
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exposing the first electrode 245 may be formed through pixel defining layer 250.
[0100] The display layer 255 may be formed on the exposed first electrode 245. The display layer 255 may include
an organic light emitting layer or a liquid crystal layer in accordance with the type of the transparent display device.
[0101] The second electrode 260 may be formed on the display layer 255 and the pixel defining layer 250 using a
material having a reflectivity or a transmittance in accordance with the emission type of the transparent display device.
The second electrode 260 may serve as a common electrode between adjacent pixels.
[0102] Referring to FIG. 10, an encapsulation layer 265 may be formed on the second electrode 260 to protect the
display structure.
[0103] Referring to FIG. 11, an adhesion film 270 may be formed on the encapsulation layer 265 by coating an adhesion
composition on the encapsulation layer 265. The adhesion composition may include a blue dye, a monomer such as an
acryl-based monomer, a polymerization initiator and a solvent.
[0104] In example embodiments, the adhesion film 270 may be obtained by curing the adhesion composition by means
of a thermal treatment or a UV irradiation after coating the adhesion composition onto the encapsulation layer 265. By
curing the adhesion composition, the blue dye and the monomer may be combined and/or polymerized to obtain a
polymer resin combined with the blue dye.
[0105] In some example embodiments, the blue dye may be distributed in the adhesion composition. In this case, the
monomers may be polymerized and/or co- polymerized to obtain the polymer resin combined with the blue dye.
[0106] Referring to FIG. 12, a protection film 275 may be formed on the adhesion film 270 so as to prevent the underlying
structures from impurities, moisture, scratch, etc. Thus, a protection layer 280 may be provided on the encapsulation
layer 265. That is, the protection layer 280 may include a protection film 275 and adhesion film 270. For example, the
protection film 275 may include a transparent resin such as polyethylene terephthalate, polycarbonate, polyvinyl chloride,
etc. The protection film 275 may be formed of a transparent resin containing the above-described blue dye, so that the
protection film 275 may also perform the color calibration of the image as adhesion film 270. In other example embod-
iments, an optical layer and an additional transparent substrate may be provided on the protection layer 280.
[0107] Referring to FIGS. 13 and 14, the carrier substrate 300 may be separated from the transparent base substrate
205 by irradiating a laser onto an interface between the carrier substrate 300 and the transparent base substrate 305,
or by applying mechanical force to the interface between the carrier substrate 300 and the transparent base substrate 305.
[0108] According to example embodiments, the adhesion film and/or the protection film containing the blue dye may
improve the transparency of the transparent base substrate by calibrating discoloration of the transparent base substrate.
Thus, the transparent display device including the protection layer may ensure enhanced transparency. Moreover, the
transparent base substrate may have enhanced mechanical strength and increased heat resistance because of the
charge transfer complex, so that the transparent display device may also have enhanced mechanical strength and
increased heat resistance.
[0109] When the transparent organic light emitting display device applied to various display apparatuses for automo-
biles, vessels, aircrafts, smart windows, medical machines, telecommunication equipments, etc, the display apparatuses
may ensure enhanced characteristics, for example, improved mechanical strength, increased transparency, increased
heat resistance, etc.
[0110] Although certain exemplary embodiments and implementations have been described herein, other embodi-
ments and modifications will be apparent from this description. Accordingly, the inventive concept is not limited to such
embodiments, but rather to the broader scope of the presented claims.

Claims

1. A transparent organic light emitting display device comprising:

a transparent base substrate;
a semiconductor device disposed on the transparent base substrate;
a display structure electrically connected to the semiconductor device; and
a protection layer comprising a blue dye disposed on the display structure.

2. The transparent organic light emitting display device of claim 1, wherein the protection layer comprises:

an adhesion film; and
a protection film, and
wherein the blue dye is contained in at least one of the adhesion film and the protection film.

3. The transparent organic light emitting display device of claim 2, wherein the adhesion film comprises a pressure
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sensitive adhesive (PSA) containing the blue dye.

4. The transparent organic light emitting display device of claim 2, wherein the adhesion film comprises one selected
from the group consisting of a polymer polymerized with a monomer and the blue dye, and an acryl-based resin
combined with the blue dye.

5. The transparent organic light emitting display device of any one of claims 2 to 4, further comprising:

an encapsulation layer covering the display structure,
wherein the adhesion film is attached to the encapsulation layer.

6. The transparent organic light emitting display device of any one of the preceding claims, wherein the blue dye
comprises at least one selected from the group consisting of anthraquinone-based blue dye, azo-based blue dye
and phthalocyanine-based blue dye.

7. The transparent organic light emitting display device of any one of the preceding claims, wherein the protection
layer further comprises blue pigment particles.

8. The transparent organic light emitting display device of any one of the preceding claims, wherein the transparent
base substrate is a transparent polymer substrate or a colored polymer substrate.

9. The transparent organic light emitting display device of claim 8, wherein the colored polymer substrate comprises
a polyimide-based material containing an electron donor unit combined between adjacent imide units, and a charge
transfer complex formed by a molecular interaction between the electron donor unit and the imide unit serving as
an electron acceptor unit.

10. A method of manufacturing a transparent organic light emitting display device as defined in any one of the preceding
claims, comprising:

forming a semiconductor device on a transparent base substrate;
forming an insulation layer on the transparent base substrate to cover the semiconductor device;
forming a display structure on the insulation layer, the display structure being electrically connected to the
semiconductor device;
forming an encapsulation layer covering the display structure; and
forming a protection layer comprising a blue dye on the encapsulation layer.

11. The method of claim 10, wherein forming the protection layer further comprises:

forming an adhesion film on a surface of a protection film; and
attaching the adhesion film to the encapsulation layer, and
wherein the blue dye is contained in at least one of the adhesion film and the protection film.

12. The method of claim 11, wherein forming the adhesion film on a surface of a protection film further comprises:

coating an adhesion composition containing the blue dye, a monomer, a
polymerization initiator and a solvent on the surface of the protection film, and
wherein a polymer resin is formed by a polymerization of the blue dye and the monomer.

13. The method of claim 12, wherein
the monomer comprises an acryl-based monomer, and
the polymer resin comprises an acryl-based resin combined with the blue dye.

14. The method of claim 13, wherein the acryl-based monomer includes at least one selected from the group consisting
of methacrylic acid, acrylic acid, methyl methacrylate, benzyl methacrylate, 2-hydroxyethyl methacrylate, aryl meth-
acrylate and glycidyl methacrylate.

15. The method of claim 10, wherein forming the protection layer includes:
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forming an adhesion film on an upper surface of the encapsulation layer; and forming a protection film on the
adhesion film, and
wherein the blue dye is contained in at least one of the adhesion film and the protection film.
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