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TRANSPARENT ORGANIC LIGHT
EMITTING DISPLAY DEVICE

CROSS-REFERENCE TO RELATED THE
APPLICATIONS

[0001] This application claims the priority benefit of the
Korean Patent Application No. 10-2015-0151494 filed on
Oct. 30, 2015, which is hereby incorporated by reference as
if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002]

[0003] The present invention relates to an organic light
emitting display device, and more particularly, to a trans-
parent organic light emitting display device.

[0004] Discussion of the Related Art

[0005] Organic light emitting display devices are self-
emitting devices and have characteristics such as low con-
sumption power, a fast response time, high emission effi-
ciency, high luminance, and a wide viewing angle. There is
an attempt to manufacture transparent organic light emitting
display devices by transparently implementing organic light
emitting display devices. The transparent organic light emit-
ting display devices enable users to look at both a displayed
image and a rear scene simultaneously. Hereinafter, a related
art transparent organic light emitting display device will be
described with reference to the drawing.

[0006] FIG. 1 is a schematic diagram of a related art
transparent organic light emitting display device. As seen in
FIG. 1, the related art transparent organic light emitting
display device includes an emissive area and a transmissive
area. The emissive area corresponds to an area where light
is emitted from an organic light emitting device, and thus, an
image is displayed. The transmissive area corresponds to an
area which transmits external light without light being
emitted, and thus, enables a user to look at a rear scene.

[0007] The emissive area and the transmissive area each
includes a circuit device layer 20, an emission device layer
30, an encapsulation layer 40, and a second substrate 50
which are stacked on a first substrate 10. The circuit device
layer 20 is formed on the first substrate 10. The circuit
device layer 20 includes a thin film transistor (TFT) and a
capacitor for controlling emission of light from the emission
device layer 30, and a plurality of insulation layers for
insulating conductive layers. In more detail, the TFT, the
capacitor, and the plurality of insulation layers are all
provided in the circuit device layer 20 in the emissive area.
However, only the plurality of insulation layers are provided
without the TFT and the capacitor being provided in the
circuit device layer 20 in the transmissive area.

[0008] The emission device layer 30 is formed on the
circuit device layer 20. The emission device layer 30
includes an anode, a cathode, and an emission layer formed
between the anode and the cathode. In more detail, the anode
is connected to the TFT of the circuit device layer 20 and is
provided in the emissive area, but is not provided in the
transmissive area. The cathode and the emission layer may
be provided in all of the emissive area and the transmissive
area. The encapsulation layer 40 is formed on the emission
device layer 30. The encapsulation layer 40 prevents water
from penetrating into the emission device layer 30. The
second substrate 50 is formed on the encapsulation layer 40.

Field of the Invention
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The second substrate 50 protects a top of the transparent
organic light emitting display device.

[0009] In the related art transparent organic light emitting
display device, an image is displayed on the emissive area,
and external light passes through the transmissive area,
thereby enabling a viewer to look at a rear scene. Accord-
ingly, the viewer watches an image through a transparent
background.

[0010] However, in the related art transparent organic light
emitting display device, a rear scene is not transparently
viewed but is viewed in a yellowish state. That is, when
external light passes through the transmissive area, the rear
scene is changed to the yellowish state, and for this reason,
there is a limitation in implementing a high-quality display
device.

SUMMARY OF THE INVENTION

[0011] Accordingly, the present invention is directed to
provide a transparent organic light emitting display device
that substantially obviates one or more problems due to
limitations and disadvantages of the related art. In order to
solve the above-described problems of the related art, analy-
sis has been performed to determine a cause of that external
light being changed to a yellowish state when passing
through a transmissive area. A result of the analysis has
shown that the external light is changed to the yellowish
state due to an organic material provided in the transmissive
area. However, due to a stacked structure of a transparent
organic light emitting display device, it is difficult to prevent
the organic material from being provided in the transmissive
area.

[0012] An aspect of the present invention is directed to
provide a transparent organic light emitting display device
which enables a transmissive area to be seen in a transparent
state instead of a yellowish state despite organic materials
being stacked in the transmissive area.

[0013] Additional advantages and features of the inven-
tion will be set forth in part in the description which follows
and in part will become apparent to those having ordinary
skill in the art upon examination of the following or may be
learned from practice of the invention. The objectives and
other advantages of the invention may be realized and
attained by the structure particularly pointed out in the
written description and claims hereof as well as the
appended drawings.

[0014] In consideration of that external light is changed to
a yellowish state due to an organic material, an additional
wavelength change layer is provided that changes a wave-
length range of transmitted light by absorbing only light in
a yellowish wavelength range, thereby enabling a transmis-
sive area to be seen in a transparent state. Accordingly, a
transparent organic light emitting display device is imple-
mented that enables the transmissive area to be seen in the
transparent state.

[0015] In particular, in order to accomplish the above-
described object, a transparent organic light emitting display
device according to an embodiment of the present invention
may include a circuit device layer, an emission device layer,
an encapsulation layer, and a wavelength change layer. The
circuit device layer or the emission device layer may include
an organic material that changes external light to a yellowish
state, and the wavelength change layer may include a
light-absorbing material that absorbs light in the yellowish
wavelength range.
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[0016] 1t is to be understood that both the foregoing
general description and the following detailed description of
the present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this application,
illustrate embodiments of the invention and together with
the description serve to explain the principle of the inven-
tion. In the drawings:

[0018] FIG. 1 is a schematic diagram of a related art
transparent organic light emitting display device;

[0019] FIG. 2 is a schematic cross-sectional view of a
transparent organic light emitting display device according
to an embodiment of the present invention;

[0020] FIG. 3 is a schematic cross-sectional view of a
transparent organic light emitting display device according
to another embodiment of the present invention;

[0021] FIG. 4 is a schematic cross-sectional view of a
transparent organic light emitting display device according
to another embodiment of the present invention;

[0022] FIG. 5 is a schematic cross-sectional view of a
transparent organic light emitting display device according
to another embodiment of the present invention;

[0023] FIG. 6 is a graph showing a light transmittance of
a wavelength change layer according to an embodiment of
the present invention with respect to a wavelength range;
[0024] FIG. 7 is a graph showing a light transmittance of
an organic light emitting display device (OLED, a compara-
tive example) to which the wavelength change layer is not
applied and a light transmittance of an OLED (an embodi-
ment) to which the wavelength change layer is applied, with
respect to a wavelength range; and

[0025] FIG. 8 is a graph showing a light transmittance
based on a change in concentration of a dye constituting a
light-absorbing material in the wavelength change layer.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0026] Reference will now be made in detail to the exem-
plary embodiments of the present invention, examples of
which are illustrated in the accompanying drawings. Wher-
ever possible, the same reference numbers will be used
throughout the drawings to refer to the same or like parts.
[0027] Advantages and features of the present invention,
and implementation methods thereof will be clarified
through following embodiments described with reference to
the accompanying drawings. The present invention may,
however, be embodied in different forms and should not be
construed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclo-
sure will be thorough and complete, and will fully convey
the scope of the present invention to those skilled in the art.
Further, the present invention is only defined by scopes of
claims.

[0028] A shape, a size, a ratio, an angle, and a number
disclosed in the drawings for describing embodiments of the
present invention are merely an example, and thus, the
present invention is not limited to the illustrated details. Like
reference numerals refer to like elements throughout. In the
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following description, when the detailed description of the
relevant known function or configuration is determined to
unnecessarily obscure the important point of the present
invention, the detailed description will be omitted. In a case
where ‘comprise’, ‘have’, and ‘include’ described in the
present specification are used, another part may be added
unless ‘only~’ is used. The terms of a singular form may
include plural forms unless referred to the contrary.

[0029] In construing an element, the element is construed
as including an error range although there is no explicit
description.

[0030] In describing a position relationship, for example,
when a position relation between two parts is described as
‘on~’, ‘over~’, ‘under~’, and ‘next~’, one or more other
parts may be disposed between the two parts unless ‘just’ or
‘direct’ is used.

[0031] In describing a time relationship, for example,
when the temporal order is described as ‘after~’, ‘subse-
quent~’, ‘next~’, and ‘before~’, a case which is not con-
tinuous may be included unless ‘just’ or ‘direct’ is used.
[0032] It will be understood that, although the terms
“first”, “second”, etc. may be used herein to describe various
elements, these elements should not be limited by these
terms. These terms are only used to distinguish one element
from another. For example, a first element could be termed
a second element, and, similarly, a second element could be
termed a first element, without departing from the scope of
the present invention.

[0033] Features of various embodiments of the present
invention may be partially or overall coupled to or combined
with each other, and may be variously inter-operated with
each other and driven technically as those skilled in the art
can sufficiently understand. The embodiments of the present
invention may be carried out independently from each other,
or may be carried out together in co-dependent relationship.
[0034] Hereinafter, embodiments of the present invention
will be described in detail with reference to the accompa-
nying drawings.

[0035] FIG. 2 is a schematic cross-sectional view of a
transparent organic light emitting display device according
to an embodiment of the present invention. As seen in FIG.
2, the transparent organic light emitting display device
according to an embodiment of the present invention
includes an emissive area and a transmissive area. The
emissive area corresponds to an area which emits light to
display an image. The transmissive area corresponds to an
area which transmits external light without light being
emitted, and thus, enables a user to look at a rear scene.
[0036] The emissive area and the transmissive area may
each include a first substrate 100, a circuit device layer 200,
an emission device layer 300, an encapsulation layer 400, a
second substrate 500, a wavelength change layer 600, and a
protection substrate 700. The first substrate 100 may be
formed of glass or transparent plastic. The circuit device
layer 200 may be formed on a top of the first substrate 100.
The circuit device layer 200 may include a gate electrode
210, a gate insulation layer 220, a semiconductor layer 230,
a source electrode 240, a drain electrode 250, a passivation
layer 260, and a planarization layer 270.

[0037] The gate electrode 210 may be formed on the top
of the first substrate 100. The gate insulation layer 220 may
be formed on a top of the gate electrode 210 and may
insulate the gate electrode 210 from the semiconductor layer
230. The semiconductor layer 230 may be formed of a
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silicon-based semiconductor material, an oxide-based semi-
conductor material, and/or the like. The source electrode 240
and the drain electrode 250 may be spaced apart from each
other over a top of the semiconductor layer 230. The
passivation layer 260 may be formed on a top of each of the
source electrode 240 and the drain electrode 250 and may
protect a thin film transistor (TFT). The planarization layer
270 may be formed on a top of the passivation layer 260. In
the drawing, a bottom gate structure where the gate electrode
210 is disposed under the semiconductor layer 230 is
illustrated, but the present embodiment is not limited
thereto. In other embodiments, the transparent organic light
emitting display device may be implemented in a top gate
structure where the gate electrode 210 is disposed over the
semiconductor layer 230.

[0038] The gate electrode 210, the semiconductor layer
230, the source electrode 240, and the drain electrode 250
which configure the TFT may be disposed in the emissive
area, but may not be disposed in the transmissive area. The
gate insulation layer 220, the passivation layer 260, and the
planarization layer 270 may be disposed in the emissive area
and the transmissive area in common.

[0039] Since the gate insulation layer 220 and the passi-
vation layer 260 are generally formed of silicon oxide
(810x) or silicon nitride (SiNx), the gate insulation layer 220
and the passivation layer 260 barely affect to change external
light which passes through the transmissive area into a
yellowish state. On the other hand, since the planarization
layer 270 is generally formed of an organic material such as
acryl resin, epoxy resin, phenolic resin, polyamide resin,
polyimide resin, or the like, the planarization layer 270
greatly affects to change the external light which passes
through the transmissive area into the yellowish state.
[0040] The emission device layer 300 may be formed on
a top of the circuit device layer 200. The emission device
layer 300 may include a first electrode 311, an auxiliary
electrode 312, a bank layer 320, an emission part 330, and
a second electrode 340.

[0041] The first electrode 311 may be formed on a top of
the planarization layer 270. The first electrode 311 may act
as an anode. The first electrode 311 may be pattern-formed
in each of a plurality of pixels, and thus, the first electrode
311 may be disposed in the emissive area but may not be
disposed in the transmissive area. The first electrode 311
may be connected to the source electrode 240 through a first
contact hole CH1 which is included in the passivation layer
260 and the planarization layer 270. That is, the source
electrode 240 may be exposed by the first contact hole CH1,
and thus, the first electrode 311 may be connected to the
source electrode 240 through the first contact hole CHI.
Depending on the case, the first contact hole CH1 may be
formed to expose the drain electrode 250, and thus, the first
electrode 311 may be connected to the drain electrode 250.
[0042] Likewise with the first electrode 311, the auxiliary
electrode 312 may be formed on the top of the planarization
layer 270. The auxiliary electrode 312 may be electrically
insulated from the first electrode 311. The auxiliary elec-
trode 312 may be connected to the second electrode 340
capable of acting as a cathode and may lower a resistance of
the second electrode 340. According to an embodiment of
the present invention, the transparent organic light emitting
display device may be a top emission type where light
emitted from the emission part 330 is transferred in an up
direction toward the second substrate 500. Therefore, since
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the light emitted from the emission part 330 should pass
through the second electrode 340, a material of the second
electrode 340 may use a transparent conductive material
such as metal oxide or the like. However, the transparent
conductive material such as metal oxide is high in resistance.
Accordingly, the auxiliary electrode 312 may be electrically
connected to the second electrode 340, thereby lowering the
resistance of the second electrode 340. The auxiliary elec-
trode 312 may be disposed in the transmissive area or the
emissive area.

[0043] The bank layer 320 may be formed on the top of
each of the first electrode 311 and the auxiliary electrode
312. The bank layer 320 may be pattern-formed in order for
a portion of the top of the first electrode 311 to be exposed,
thereby securing an area where an image is displayed. Also,
the bank layer 320 may be formed between the first electrode
311 and the auxiliary electrode 312 and may insulate the first
electrode 311 from the auxiliary electrode 312. The bank
layer 320 may be disposed in the emissive area but may not
be disposed in the transmissive area. However, the bank
layer 320 is not limited thereto, and in other embodiments,
the bank layer 320 may be disposed in the transmissive area.
The bank layer 320 may be formed of an organic material
such as polyimide resin, acryl resin, benzocyclobutene
(BCB), or the like, and thus, if the bank layer 320 is disposed
in the transmissive area, the bank layer 320 greatly affects to
change the external light which passes through the trans-
missive area into the yellowish state.

[0044] The emission part 330 may be formed on the top of
the first electrode 311. The emission part 330 may include a
hole injecting layer, a hole transporting layer, an emission
layer, an electron transporting layer, and an electron inject-
ing layer. A structure of the emission part 330 may be
modified to various types well known to those skilled in the
art. White light may be emitted from the emission layer, and
thus, white light may be emitted from the emission part 330.
The emission part 330 may be disposed in the emissive area
and the transmissive area in common. A second contact hole
CH2 may be formed in the emission part 330 in order for the
auxiliary electrode 312 to be connected to the second
electrode 340. That is, the auxiliary electrode 312 may be
exposed by the second contact hole CH2, and thus, the
second electrode 340 may be electrically connected to the
auxiliary electrode 312 through the second contact hole
CH2. Since the emission part 330 is formed of an organic
material, the emission part 330 greatly affects to change the
external light which passes through the transmissive area
into the yellowish state.

[0045] The second electrode 340 may be formed on the
top of the emission part 330. The second electrode 340 may
act as a cathode. The second electrode 340 may be electri-
cally connected to the auxiliary electrode 312 through the
second contact hole CH2. An electrical connection between
the second electrode 340 and the auxiliary electrode 312
may be established by various methods, well known to those
skilled in the art, such as a method based on a reversely-
tapered eave structure. The second electrode 340 may be
disposed in the emissive area and the transmissive area in
commorl.

[0046] The encapsulation layer 400 may be formed on the
top of the emission device layer 300. The encapsulation
layer 400 prevents water from penetrating into the emission
device layer 300. The encapsulation layer 400 may include
a passivation layer 410 and a filling layer 420. The passi-
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vation layer 410 may be formed on the top of the emission
device layer 300, and the filling layer 420 may be formed on
a top of the passivation layer 410. The filling layer 420 may
be formed of a material having adhesive characteristic.
[0047] The second substrate 500 may be formed on the top
of the encapsulation layer 400. A black matrix 510 and a
color filter layer 520 may be formed on a bottom of the
second substrate 500. The black matrix 510 may be pattern-
formed to define a pixel area. The color filter layer 520 may
be disposed in the pixel area defined by the black matrix 510.
The color filter layer 520 may include a red (R) color filter,
a green (G) color filter, and a blue (B) color filter which are
pattern-formed in respective pixels. According to an
embodiment of the present invention, since the white light is
emitted from the emission part 330, the color filter layer 520
may be additionally pattern-formed in each pixel, and thus,
a color image may be displayed.

[0048] The wavelength change layer 600 may be formed
on a bottom of the first substrate 100. The wavelength
change layer 600 prevents the external light, passing through
the transmissive area, from being changed to the yellowish
state. Since organic materials such as the planarization layer
270, the bank layer 320, and the emission part 330 are
stacked in the transmissive area, the external light is changed
to the yellowish state by the organic materials. For this
reason, according to an embodiment of the present inven-
tion, since the wavelength change layer 600 is disposed on
the bottom of the first substrate 100, the external light
passing through the transmissive area may be put in a
transparent state. To this end, the wavelength change layer
600 may include a light-absorbing material that absorbs light
in a yellowish wavelength range. That is, despite the external
light being changed to the yellowish state by the organic
materials, since the light in the yellowish wavelength range
is absorbed by the light-absorbing material included in the
wavelength change layer 600, the external light may be
transmitted in the transparent state.

[0049] In a case where light is transmitted in a down
direction with respect to the wavelength change layer 600,
when the external light changed to the yellowish state due to
the organic materials is irradiated on the wavelength change
layer 600, the wavelength change layer 600 may absorb the
light in the yellowish wavelength range, and thus, light
passing through the wavelength change layer 600 may be
changed from the yellowish state to the transparent state and
output. Also, in a case where the light is transmitted in an up
direction with respect to the second substrate 500, since the
light in the yellowish wavelength range is absorbed by the
wavelength change layer 600 and then passes through the
organic materials, the light in the yellowish wavelength
range may increase while passing through the organic mate-
rials, and thus, light having the transparent state may be
output.

[0050] The wavelength change layer 600 may include a
light-absorbing material that absorbs light in a wavelength
range of 500 nm to 630 nm, in order for light having the
transparent state to pass through the transmissive area. In
detail, the wavelength change layer 600 may include trans-
parent resin and the light-absorbing material that absorbs the
light in the wavelength range of 500 nm to 680 nm.
[0051] The transparent resin may act as a binder of the
light-absorbing material. Also, the transparent resin may
have an adhesive force. The transparent resin having an
adhesive force enables the wavelength change layer 600 to

May 4, 2017

be adhered to the bottom of the first substrate 100. Also, the
transparent resin having an adhesive force enables the
protection substrate 700 to be adhered to the wavelength
change layer 600. Accordingly, the protection substrate 700
may be adhered to the wavelength change layer 600 without
a separate adhesive.

[0052] The light-absorbing material that absorbs the light
in the wavelength range of 500 nm to 680 nm may include
a dye that includes chromophore and auxochrome. The dye
may absorb the light in the wavelength range of 500 nm to
680 nm to have a bluish color. Therefore, the external light
changed to the yellowish state may be changed to the
transparent state by the dye having a bluish color.

[0053] The chromophore may be used to produce a color
and may include a conjugation structure where a single bond
and a double bond are alternately arranged, and particularly,
may include benzene. The auxochrome may be linked to the
chromophore and may be used to shift a color spectrum to
produce a desired color. The auxochrome may include an
amino group, a hydroxyl group, or an alkyl group, in order
for the dye to be well mixed with the transparent resin.
[0054] The dye, which includes the chromophore and the
auxochrome and absorbs the light in the wavelength range of
500 nm to 680 nm, may include a compound represented by
the following Formula 1.

[Formula 1]
Rg Ry Ryp R
R Rs R4 R;

[0055] InFormulal,R, to R, may each be independently
selected from the group consisting of hydrogen (H), an alkyl
group, a cycloalkyl group, a polycycloalkyl group, a het-
erocycloalkyl group, an aryl group, an alkaryl group, an
aralkyl group, an alkoxy group, an alkenyl group, a hydroxyl
group, an amino group, and an alkynyl group. The alkyl
group, the cycloalkyl group, the polycycloalkyl group, the
heterocycloalkyl group, the aryl group, the alkaryl group,
the aralkyl group, the alkoxy group, the alkenyl group, the
hydroxyl group, the amino group, and the alkynyl group
may each include one to fifty carbon atoms, and the carbon
may include at least one linking group selected from the
group consisting of halogen, nitrogen, oxygen, alcohols,
ester, ammonium salts, and phosphonium salts.

[0056] The dye, which includes the chromophore and the
auxochrome and absorbs the light in the wavelength range of
500 nm to 680 nm, may include a compound represented by
the following Formula 2.

[Formula 2]

R, X R,

R¢ X Rs

Rs R4
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[0057] In Formula 2, X may consist of N—Rg, O, or S. In
Formula 2, R, to Ry may each be independently selected
from the group consisting of hydrogen (H), an alkyl group,
a cycloalkyl group, a polycycloalkyl group, a heterocy-
cloalkyl group, an aryl group, an alkaryl group, an aralkyl
group, an alkoxy group, an alkenyl group, a hydroxyl group,
an amino group, and an alkynyl group.

[0058] The alkyl group, the cycloalkyl group, the polycy-
cloalkyl group, the heterocycloalkyl group, the aryl group,
the alkaryl group, the aralkyl group, the alkoxy group, the
alkenyl group, the hydroxyl group, the amino group, and the
alkvnyl group may each include one to fifty carbon atoms,
and the carbon may include at least one linking group
selected from the group consisting of halogen, nitrogen,
oxygen, alcohols, ester, ammonium salts, and phosphonium
salts.

[0059] FIG. 6 is a graph showing a light transmittance of
the wavelength change layer 600 according to an embodi-
ment of the present invention with respect to a wavelength
range. As seen in FIG. 6, according to an embodiment of the
present invention, it can be seen that a light transmittance is
reduced within a wavelength range of 500 nm to 680 nm.
This is because the wavelength change layer 600, as
described above, includes the dye that absorbs light in the
wavelength range of 500 nm to 680 nm.

[0060] FIG. 7 is a graph showing a light transmittance of
an organic light emitting display device (OLED, a compara-
tive example) to which the wavelength change layer 600 is
not applied and a light transmittance of an OLED (an
embodiment of the present invention) to which the wave-
length change layer 600 is applied, with respect to a wave-
length range in the transparent organic light emitting display
device having the structure illustrated in FIG. 2.

[0061] As seen in FIG. 7, it can be seen that in a wave-
length range of 500 nm to 680 nm, a light transmittance is
further reduced in the OLED (the embodiment), to which the
wavelength change layer 600 is applied, than the OLED (the
comparative example) to which the wavelength change layer
600 is not applied. Also, it can be seen that in a wavelength
range of less than 500 nm and more than 680 nm, a light
transmittance of the embodiment is similar to that of the
comparative example.

[0062] As a result, in the comparative example to which
the wavelength change layer 600 is not applied, a light
transmittance is relatively high in the wavelength range of
500 nm to 680 nm, and thus, yellowish light is emitted. In
the embodiment to which the wavelength change layer 600
is applied, a light transmittance is relatively low in the
wavelength range of 500 nm to 680 nm, and thus, transpar-
ent light is emitted.

[0063] The wavelength change layer 600 may be formed
to have a thickness within a range of 30 um to 500 um. If a
thickness of the wavelength change layer 600 is less than 30
um or more than 500 pm, a color conversion effect is small
or excessive, and for this reason, it is unable to obtain
external light which is transparent in the transmissive area.
The dye constituting the light-absorbing material in the
wavelength change layer 600 may be provided at a concen-
tration of 100 ppm to 5,000 ppm, for example, 300 ppm to
1,000 ppm.

[0064] FIG. 8 is a graph showing a light transmittance
based on a change in concentration of the dye constituting
the light-absorbing material in the wavelength change layer
600. As seen in FIG. 8, it can be seen that as a concentration
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B of the dye increases from 300 ppm to 1,000 ppm, a light
transmittance is progressively reduced in a wavelength
range of 500 nm to 680 nm. That is, as the concentration B
of the dye increases, a light transmittance is progressively
reduced in the wavelength range of 500 nm to 680 nm.
Considering this, the concentration of the dye is within 100
ppm to 5,000 ppm, preferably, 300 ppm to 1,000 ppm.
[0065] Referring again to FIG. 2, since the wavelength
change layer 600 enables the external light to be transpar-
ently output in the transmissive area, the wavelength change
layer 600 may be disposed in the transmissive area without
being disposed in the emissive area. If the wavelength
change layer 600 is not disposed in the emissive area, a step
height occurs, and for this reason, in order to prevent
occurrence of the step height, the wavelength change layer
600 may be disposed in the emissive area and the transmis-
sive area in common. That is, the wavelength change layer
600 may be disposed all over the bottom of the first substrate
100. Moreover, the wavelength change layer 600 acts as an
adhesive layer for attaching the protection substrate 700 on
the wavelength change layer 600, and thus, when the wave-
length change layer 600 is disposed in the emissive area and
the transmissive area in common, the protection substrate
700 may be adhered to the wavelength change layer 600
without a separate additional process.

[0066] In FIG. 2, the wavelength change layer 600 is
disclosed as being disposed on the bottom of the first
substrate 100, but is not limited thereto. In other embodi-
ments, the wavelength change layer 600 may be disposed on
the top of the second substrate 500. However, if the wave-
length change layer 600 is disposed on the top of the second
substrate 500, image quality is degraded due to the wave-
length change layer 600 when displaying an image on the
emissive area. Therefore, the wavelength change layer 600
may be disposed on a surface (i.e., a surface opposite to a
display surface displaying an image) opposite to a surface
from which light is emitted in the emissive area. That is, the
wavelength change layer 600 may be disposed on the bottom
of the first substrate 100 corresponding to the surface
opposite to the display surface displaying an image.
[0067] The protection substrate 700 may be disposed on a
bottom of the wavelength change layer 600. The protection
substrate 700 may be adhered to the transparent resin in the
wavelength change layer 600. The protection substrate 700
may act as a back cover of the transparent organic light
emitting display device.

[0068] FIG. 3 is a schematic cross-sectional view of a
transparent organic light emitting display device according
to another embodiment of the present invention. Except that
a configuration of an emission device layer 300 is modified,
the transparent organic light emitting display device of FIG.
3 is the same as the transparent organic light emitting display
device of FIG. 2. Therefore, like reference numerals refer to
like elements. Hereinafter, only different elements will be
described. As seen in FIG. 3, the emission device layer 300
may include a lower first electrode 311a, an upper first
electrode 3115, a lower auxiliary electrode 312a, an upper
auxiliary electrode 3125, a bank layer 320, an emission part
330, a second electrode 340, and an interlayer insulation
layer 350.

[0069] In the embodiment of FIG. 3, a first electrode 311a
and 3115 may include the lower first electrode 311a and the
upper first electrode 3115, an auxiliary electrode 312a and
312b may include the lower auxiliary electrode 312a and the
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upper auxiliary electrode 3125, and the interlayer insulation
layer 350 may be additionally formed between the lower
first electrode 311a and the upper first electrode 3115 and
between the lower auxiliary electrode 3124 and the upper
auxiliary electrode 3124. For this reason, the embodiment of
FIG. 3 differs from the embodiment of FIG. 2. The lower
first electrode 311a may be electrically connected to the
upper first electrode 3115 through a contact hole included in
the interlayer insulation layer 350, and the lower auxiliary
electrode 312a may be electrically connected to the upper
auxiliary electrode 3125 through the contact hole included in
the interlayer insulation layer 350. In the embodiment of
FIG. 3, since an auxiliary electrode 312a and 3125 includes
the lower auxiliary electrode 3124 and the upper auxiliary
electrode 3125, a resistance of the second electrode 340 is
more effectively lowered without any reduction in pixel
area. This will be described below.

[0070] AsinFIG. 2, in a case where the auxiliary electrode
312 is formed on the same layer as the first electrode 311, if
a size of the auxiliary electrode 312 increases for lowering
the resistance of the second electrode 340, a size of the first
electrode 311 is reduced, and thus, the pixel area is reduced.
On the other hand, as in FIG. 3, if the lower auxiliary
electrode 312a and the lower first electrode 311a are formed
on the same layer and the upper auxiliary electrode 3126 and
the upper first electrode 3115 are formed on the same layer
thereon, a size of the area of the lower auxiliary electrode
312a may be increases to lower the resistance of the second
electrode 340, and thus, the pixel area is not reduced even if
a size of the lower first electrode 311a is reduced. That is,
since the lower first electrode 311a connects the source
electrode 240 to the upper first electrode 3115, the pixel area
is not reduced even if a width of the lower first electrode
311a is reduced. Accordingly, in the embodiment of FIG. 3,
a width of lower auxiliary electrode 3125 may be increased
even without any reduction in pixel area, and in particular,
as illustrated, a width of the lower auxiliary electrode 3124
may be increased such that the lower auxiliary electrode
312a overlaps with the upper first electrode 3115, thereby
more effectively lowering the resistance of the second
electrode 340.

[0071] In the embodiment of FIG. 3, the interlayer insu-
lation layer 350 may be additionally provided and may
include an organic material such as acryl resin, epoxy resin,
phenolic resin, polyamide resin, polyimide resin, or the like,
and thus, the interlayer insulation layer 350 greatly affects to
change the external light which passes through the trans-
missive area into the yellowish state. That is, a problem
where light is transmitted in the yellowish state in the
transmissive area further increases in the embodiment of
FIG. 3 than the embodiment of FIG. 2, and thus, the
wavelength change layer 600 may be designed to absorb
relatively more yellowish light.

[0072] FIG. 4 is a schematic cross-sectional view of a
transparent organic light emitting display device according
to another embodiment of the present invention. In the
transparent organic light emitting display device of FIG. 4,
a black matrix 510 and a color filter layer 520 are not
disposed on a bottom of a second substrate 500. For this
reason, the transparent organic light emitting display device
of FIG. 4 differs from the transparent organic light emitting
display device of FIG. 2. Therefore, like reference numerals
refer to like elements. Hereinafter, only different elements
will be described.
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[0073] According to the embodiment of FIG. 4, an emis-
sion part 330 configuring the emission device layer 300 may
be configured to emit red (R), green (G), or blue (B) light.
That is, the emission part 330 may be patterned for each of
a plurality of pixels and may be configured in order for
different lights to be emitted from the plurality of pixels, and
thus, unlike the above-described structure according to the
embodiment of FIG. 2, the black matrix 510 and the color
filter layer 520 may not be formed on the bottom of the
second substrate 500. Also, unlike the structure according to
the embodiment of FIG. 2, since the emission part 330 is
patterned for each pixel, a second contact hole CH2 for an
electrical connection between an auxiliary electrode 312 and
a second electrode 340 may not be provided.

[0074] In a structure according to the embodiment of FIG.
4, the emission part 330 may be patterned for each pixel, and
thus, unlike the structure according to the embodiment of
FIG. 2, the emission part 330 may be disposed in an
emissive area but may not be disposed in a transmissive
area. Therefore, a problem where light is transmitted in the
yellowish state in the transmissive area is further reduced in
the embodiment of FIG. 4 than the embodiment of FIG. 2,
and thus, the wavelength change layer 600 may be designed
to absorb relatively less yellowish light.

[0075] FIG. 5 is a schematic cross-sectional view of a
transparent organic light emitting display device according
to another embodiment of the present invention. FIGS. 2 to
4 relate to a top emission type transparent organic light
emitting display device where light emitted from the emis-
sion part 330 is transferred in a direction (i.e., an up
direction) toward the second substrate 500. FIG. 5 relates to
a bottom emission type transparent organic light emitting
display device where light emitted from the emission part
330 is transferred in a direction (i.e., a down direction)
toward the first substrate 500.

[0076] As seen in FIG. 5, the transparent organic light
emitting display device according to another embodiment of
the present invention may include an emissive area and a
transmissive area. The emissive area and the transmissive
area may each include a first substrate 100, a circuit device
layer 200, an emission device layer 300, an encapsulation
layer 400, a second substrate 500, a wavelength change layer
600, and a protection substrate 700.

[0077] The first substrate 100 may be formed of glass or
transparent plastic. The circuit device layer 200 may be
formed on a top of the first substrate 100. The circuit device
layer 200 may include a gate electrode 210, a gate insulation
layer 220, a semiconductor layer 230, a source electrode
240, a drain electrode 250, a passivation layer 260, a
planarization layer 270, and a color filter layer 280.

[0078] Detailed configurations of the gate electrode 210,
the gate insulation layer 220, the semiconductor layer 230,
the source electrode 240, the drain electrode 250, the pas-
sivation layer 260, and the planarization layer 270 may be
the same as the above-described embodiments. The color
filter layer 280 may be formed on the passivation layer 260.
The color filter layer 280 may include a red (R) color filter,
a green (G) color filter, and a blue (B) color filter which are
pattern-formed in respective pixels. Since white light is
emitted from the emission part 330, the color filter layer 280
which is pattern-formed in each of a plurality of pixels may
be additionally provided, and thus, a color image may be
displayed. However, the present embodiment is not limited
thereto. In other embodiments, the color filter layer 280 may



US 2017/0125744 Al

be omitted, and instead, the emission part 330 may be
pattern-formed to emit red, green, and blue light for each
pixel.
[0079] The emission device layer 300 may be formed on
a top of the circuit device layer 200. The emission device
layer 300 may include a first electrode 311, a bank layer 320,
an emission part 330, and a second electrode 340. Since the
embodiment of FIG. 5 is the bottom emission type, the
second electrode 340 may be formed of opaque metal, and
thus, an auxiliary electrode (312 in the above-described
embodiments) for lowering a resistance of the second elec-
trode 340 may not be provided. In addition, configurations
of the first electrode 311, the bank layer 320, the emission
part 330, and the second electrode 340 may be the same as
the above-described embodiments.
[0080] The encapsulation layer 400 may be formed on a
top of the emission device layer 300. Likewise with the
above-described embodiments, the encapsulation layer 400
may include a passivation layer 410 and a filling layer 420.
The second substrate 500 may be formed on a top of the
encapsulation layer 400.
[0081] The wavelength change layer 600 may be formed
on a top of the second substrate 500. The reason is because
when the wavelength change layer 600 is disposed on a
surface opposite to a display surface displaying an image, a
problem where image quality is degraded due to the wave-
length change layer 600 is solved. However, the present
embodiment is not limited thereto. In other embodiments,
the wavelength change layer 600 may be formed on a bottom
of the first substrate 100. The protection substrate 700 may
be formed on a top of the wavelength change layer 600.
[0082] As described above, according to the embodiments
of the present invention, even when external light is changed
to a yellowish state due to an organic material, the external
light is transmitted in a transparent state by the wavelength
change layer. Particularly, even when the external light is
changed to the yellowish state due to the organic material,
the light-absorbing material included in the wavelength
change layer absorbs light in the yellowish wavelength
range, and thus, the external light is transmitted in the
transparent state.
[0083] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spirit or scope
of the inventions. Thus, it is intended that the present
invention covers the modifications and variations of this
invention provided they come within the scope of the
appended claims and their equivalents.
[0084] The present invention encompasses various modi-
fications to each of the examples and embodiments dis-
cussed herein. According to the invention, one or more
features described above in one embodiment or example can
be equally applied to another embodiment or example
described above. The features of one or more embodiments
or examples described above can be combined into each of
the embodiments or examples described above. Any full or
partial combination of one or more embodiment or examples
of the invention is also part of the invention.

What is claimed is:

1. A transparent organic light emitting display device
comprising:

a circuit device layer on a first substrate;

an emission device layer on the circuit device layer;

an encapsulation layer on the emission device layer;
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a second substrate on the encapsulation layer; and

a wavelength change layer on the first substrate or the
second substrate, the wavelength change layer enabling
external light to be transmitted in a transparent state.

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

the circuit device layer or the emission device layer

comprises an organic material changing the external
light to a yellowish state, and

the wavelength change layer comprises a light-absorbing

material absorbing light in a yellowish wavelength
range.

3. The transparent organic light emitting display device of
claim 1, wherein the wavelength change layer comprises a
light-absorbing material absorbing light in a wavelength
range of approximately 500 nm to 680 nm.

4. The transparent organic light emitting display device of
claim 3, wherein:

the light-absorbing material comprises a dye including

chromophore and auxochrome,

the chromophore includes a conjugation structure where a

single bond and a double bond are alternately arranged,
and

the auxochrome includes an amino group, a hydroxyl

group, or an alkyl group.

5. The transparent organic light emitting display device of
claim 4, wherein the dye comprises a compound represented
by Formula 1:

[Formula 1]
Rg Ry Ryo R
Rs Rs Rg R;

where each of R, to R, is independently selected from a
group including hydrogen (H), an alkyl group, a cycloalkyl
group, a polycycloalkyl group, a heterocycloalkyl group, an
aryl group, an alkaryl group, an aralkyl group, an alkoxy
group, an alkenyl group, a hydroxyl group, an amino group,
and an alkynyl group.

6. The transparent organic light emitting display device of
claim 4, wherein the dye comprises a compound represented
by Fornla 2:

[Formula 2]

Rs Ry

where X includes N—R,, O, or S, and each of R, to R, is
independently selected from a group including hydrogen
(H), an alkyl group, a cycloalkyl group, a polycycloalkyl
group, a heterocycloalkyl group, an aryl group, an alkaryl
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group, an aralkyl group, an alkoxy group, an alkenyl group,
a hydroxyl group, an amino group, and an alkynyl group.

7. The transparent organic light emitting display device of
claim 3, wherein the light-absorbing material comprises a
dye having a bluish color.

8. The transparent organic light emitting display device of
claim 3, wherein the light-absorbing material is added into
the wavelength change layer at a concentration of approxi-
mately 100 ppm to 5,000 ppm.

9. The transparent organic light emitting display device of
claim 1, wherein the wavelength change layer has a thick-
ness which is within a range of approximately 30 um to 500
pm.
10. The transparent organic light emitting display device
of claim 1, wherein the wavelength change layer is disposed
on a surface opposite to a display surface displaying an
image.

11. The transparent organic light emitting display device
of claim 1, further comprising a protection substrate,

wherein:

the wavelength change layer comprises transparent resin

having an adhesive force, and

the protection substrate is adhered to the wavelength

change layer by the transparent resin.

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

a first electrode;

an auxiliary electrode;

an emission part disposed between the first electrode and

the second electrode; and

a second electrode connected to the auxiliary electrode.

13. The transparent organic light emitting display device
of claim 12, wherein:

the first electrode includes a lower first electrode and an

upper first electrode, and

the auxiliary electrode includes a lower auxiliary elec-

trode and an upper auxiliary electrode.

14. The transparent organic light emitting display device
of claim 13, wherein the lower auxiliary electrode overlaps
the upper first electrode.
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15. The transparent organic light emitting display device
of claim 12, wherein the emission part is disposed in an
emissive area which emits light, and is not disposed in a
transmissive area which transmits external light.

16. A transparent organic light emitting display device
comprising:

an emission device layer including an organic light emit-

ting device, an emissive area in which light is emitted
from the organic light emitting device, and a transmis-
sive area in which external light is transmitted,
wherein an organic material of the transmissive area
changes the external light to a yellowish state; and

a wavelength change layer transmitting the external light

and absorbing light in a yellowish wavelength range.

17. The transparent organic light emitting display device
of claim 16, wherein the wavelength change layer comprises
a light-absorbing material absorbing light in a wavelength
range of approximately 500 nm to 680 nm.

18. The transparent organic light emitting display device
of claim 17, wherein

the light-absorbing material comprises a dye including

chromophore and auxochrome,

the chromophore includes a conjugation structure where a

single bond and a double bond are alternately arranged,
and

the auxochrome includes an amino group, a hydroxyl

group, or an alkyl group.

19. The transparent organic light emitting display device
of claim 16, wherein the wavelength change layer is dis-
posed on a surface opposite to a display surface displaying
an image.

20. The transparent organic light emitting display device
of claim 16, wherein:

the emission device layer includes an emission part, and

the emission part is formed in the emissive area, and is not
formed in the transmissive area.
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