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Description
Technical Field
BACKGROUND

1. Field of Technology

[0001] Embodiments of the inventive concept relate to
a transparent organic light emitting display device
(OLED), and more particularly, to a transparent organic
light emitting display device which improves transmit-
tance and minimizes degradation in luminance.

2. Description of Related Art

[0002] Organic light emitting display devices are self-
emissive display devices, and may be manufactured to
be lightweight and thin without a separate light source
unlike liquid crystal display devices (LCDs). Further, the
organic light emitting display devices are advantageous
in terms of power consumption due to low-power driving,
have good color realization, response speed, a view an-
gle, and a contrast ratio, and have been researched as
next-generation displays.

[0003] Attempts to manufacture the organic light emit-
ting display devices as transparent display devices have
been made. The transparent organic light emitting dis-
play devices are organic light emitting display devices
which can observe objects located at the rear thereof,
and include a pixel region which displays an image
through emission of organic light emitting elements, and
a transmissive region which transmits external light.
[0004] US 2005/062057 A1 discloses a light emitting
device having a heat-resistant planarizing film and a par-
tition wall formed from the same material to avoid a re-
flection of light. US 2012/049206 A1 discloses an organic
light emitting device having light emission regions and
light transmission regions.

[0005] US 2011/169720 A1 discloses an organic light
emitting display having a plurality of transmitting regions
and a plurality of pixel regions.

[0006] US 2011/148944 A1 discloses a partially trans-
parent display device that is configured to emit light to
two opposite sides.

SUMMARY

[0007] A transparent organic light emitting display de-
vice according to claim 1 is provided. Further embodi-
ments are described in the dependent claims.

[0008] In an aspect, there is provided a transparent
organic light emitting display device with improved con-
figurations for increased light transmittance through the
transmissive area of each sub pixel. In one embodiment,
the transparent organic light emitting display device in-
cludes afirst substrate with a plurality of sub pixelregions.
Each of the sub pixel regions contains an emissive area
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and a transmissive area. The transparent organic light
emitting display device further includes a thin film tran-
sistor (TFT) in the emissive area of the sub-pixel and an
organic light emitting element electrically connected to
the TFT. Also included in the transparent organic light
emitting display device is a plurality of insulating layers
disposed in the emissive area of the sub pixel region.
Here, at least one of the insulating layers is configured
such that it is extended from the emissive area into the
transmissive area of the sub pixel region. The insulating
layer, which is being extended into the transmissive area,
has at least some part that has the same refractive index
as the first substrate. The same refractive indices be-
tween the first substrate and the insulating layer being
extended into the transmissive area reduces the total in-
ternal reflection at the interface their interface, thereby
allowing more external light to pass through the trans-
missive area.

[0009] In some embodiments, the insulating layer that
is extended into the transmissive area has a multilayered
structure. Not all layers included in the multilayered struc-
ture are extended into the transmissive area of the sub
pixelregion. Instead, atleast one layer of the multilayered
structure is contained within the emissive area without
being extended into the transmissive area while at least
one layer of the multilayered structure disposed in the
emissive area is extended into the transmissive area.
[0010] In some embodiments, the insulating layer that
is in both the emissive area as well as the transmissive
area is an insulating layer interposed between the TFT
and the first substrate. In one embodiment, the insulating
layer interposed between the TFT and the first substrate
has the multilayered structure, and the TFT has a copla-
nar structure with an oxide semiconductor layer disposed
on the multilayered structure. In this case, the layer of
the multilayered structure contacting the oxide semicon-
ductor layer is extended into the transmissive area and
does not include silicon nitride. Also, in one embodiment,
the TFT with an oxide semiconductor layer disposed on
the gate electrode. In this case, the insulating layer that
is in both the emissive area as well as the transmissive
area is interposed between the gate electrode and the
oxide semiconductor of the TFT. The insulating layer in-
terposed between the gate electrode and the oxide sem-
iconductor has a multilayered structure, and the layer in
the multilayered structure contacting the oxide semicon-
ductor does not include silicon nitride.

[0011] In some embodiments, the transparent organic
light emitting display device includes a second substrate
opposing the first substrate. The TFT, the organic light
emitting element, the plurality of insulating layers and the
encapsulating layer are interposed between the first and
second substrates. In the transparent organic light emit-
ting display device, the first substrate, the insulating layer
being extended into the transmissive area and the sec-
ond substrate all have substantially the same refractive
index with respect to each other. That is, the first and
second substrates have substantially the same refractive
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index as the insulating layer being extended into the
transmissive area and the opposing substrate. Likewise,
the insulating layer being extended into the transmissive
area has substantially the same refractive index as the
first and second substrates.

[0012] In one aspect, there is provided a transparent
organic light emitting display device configured for in-
creased overall light transmittance through the display
device.

[0013] In one embodiment, the organic light emitting
display device includes a substrate having a plurality of
sub pixels. Each of the sub pixels has an emissive area
for emitting light and a transmissive area for allowing the
external light to pass through. The organic light emitting
display device also includes one or more thin film tran-
sistors, which are formed with a gate electrode, an active
layer and source/drain electrodes, operatively coupled
to one or more organic light emitting elements. An en-
capsulation layer is included in the organic light emitting
display device to protect the organic light emitting ele-
ments and/or the TFT from the permeation of moisture
and air. Also included in the organic light emitting display
device is a plurality of insulating layers, including a first,
asecond and a third insulating layers. The first insulating
layer is interposed between the substrate and the TFT;
the second insulating layer is interposed between the
gate electrode and the active layer of the TFT; and the
third insulating layer is disposed on the TFT. Among the
first, second and third insulating layers, at least one in-
sulating layer has a refractive index that is different from
the refractive index of the substrate by more than a pre-
determined value.

[0014] In some embodiments, at least one insulating
layer among the first, second and the third insulating lay-
ers has substantially the same refractive index as the
substrate. Also in some embodiments, at least one of the
first, second and the third insulating layers has a multi-
layered structure including at least one layer that has
substantially the same refractive index as the substrate
and at least one layer with a refractive index differing
from the substrate by more than the predetermined
threshold value. In such embodiments, the layer of the
multilayered structure having the refractive index differ-
entfrom that of the substrate is contained within the emis-
sive area of the sub pixel.

[0015] In yet another aspect of the present disclosure
is related to a method of manufacturing a transparent
organic light emitting display device that includes a plu-
rality of sub pixels, each sub-pixel including an emissive
area and a transmissive area. In an embodiment, the
method includes forming a buffer layer on a first sub-
strate; forming an active layer on the buffer layer; forming
a gate insulating layer on the active layer; forming a plu-
rality of electrodes on the active layer, the plurality of
electrodes including a source electrode, a drain elec-
trode, and a gate electrode electrically insulated from
each other by an interlayer insulating layer; forming an
overcoating layer over the emissive area and the trans-
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missive area of the transparent organic light emitting dis-
play device; and forming an organic light emitting element
on the overcoating layer in the emissive area.

[0016] In some embodiments, the buffer layer is
formed as a multilayered structure including a first buffer
layer and a second buffer layer. The first buffer layer,
which includes of silicon nitride, is formed in the emissive
area without being extended into the transmissive area.
In contrast, the second buffer layer, which includes of
silicon oxide, is formed to contact the active layer, and
extended into the transmissive area.

Brief Description of Drawings

[0017] The above and other objects, features and ad-
vantages of the present invention will become more ap-
parent to those of ordinary skill in the art by describing
in detail exemplary embodiments thereof with reference
to the accompanying drawings, in which:

FIGS. 1a to Id are cross-sectional views illustrating
transparent organic light emitting display devices in
accordance with various embodiments of the inven-
tive concept;

FIG. 2a is a cross-sectional view illustrating a trans-
parentorganiclight emitting display device in accord-
ance with another embodiment of the inventive con-
cept;

FIG. 2b is a conceptual diagram illustrating a trans-
parentorganiclight emitting display device in accord-
ance with another embodiment of the inventive con-
cept;

FIGS. 2c to 2f are cross-sectional views illustrating
transparent organic light emitting display devices in
accordance with various embodiments of the inven-
tive concept;

FIGS. 3a to 3c are conceptual diagrams illustrating
transparent organic light emitting display devices in
accordance with various embodiments of the inven-
tive concept;

FIG. 4 is a flowchart illustrating a method for manu-
facturing a transparent organic light emitting display
device in accordance with an embodiment of the in-
ventive concept; and

FIGS. 5a to 5d are processional cross-sectional
views illustrating a method for manufacturing a trans-
parentorganiclight emitting display device in accord-
ance with an embodiment of the inventive concept.

DETAILED DESCRIPTION OF EXEMPLARY EMBOD-
IMENTS

[0018] Exemplary embodiments of the present inven-
tion will be described in detail below with reference to the
accompanying drawings. While the present invention is
shown and described in connection with exemplary em-
bodiments thereof, it will be apparent to those skilled in
the art that various modifications can be made without
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departing from the scope of the invention.

[0019] An element or layer formed "on" another ele-
ment or layer includes all a case in which an element is
directly formed on another element, and a case in which
an element is formed on another element with an addi-
tional element or layer formed therebetween.

[0020] Although the terms first, second, etc. may be
used to describe various elements, it should be under-
stood that these elements are not 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 ele-
ment could be termed a first element, without departing
from the scope of exemplary embodiments.

[0021] In this specification, like numbers refer to like
elements throughout the description of the drawings.
[0022] Sizes and thicknesses of respective elements
shown in the drawings are shown for the sake of conven-
ience of description only and are not intended to limit the
scope of the present invention.

[0023] In this specification, an organic light emitting
display device with a top emission mode refers to an or-
ganic light emitting display device, wherein light emitted
from the organic light emitting diode radiates from an
upper portion of the organic light emitting display device.
That is, the organic light emitting display device with a
top emission mode refers to an organic light emitting dis-
play device, wherein light emitted from the organic light
emitting diode radiates in a direction of a top surface of
a substrate having a thin film transistor formed therein
for driving the organic light emitting display device. In this
specification, an organic light emitting display device with
abottom emission mode refers to an organic light emitting
display device, wherein light emitted from the organic
light emitting diode radiates from a lower portion of the
organic light emitting display device. That is, the organic
light emitting display device with a bottom emission mode
refers to an organic light emitting display device, wherein
light emitted from the organic light emitting diode radiates
in a direction of a bottom surface of a substrate having
a thin film transistor formed therein for driving the organic
light emitting display device. In this specification, an or-
ganic light emitting display device with a dual emission
mode refers to an organic light emitting display device,
wherein light emitted from the organic light emitting diode
radiates from upper and lower portions of the organic
light emitting display device. In this specification, in the
organic light emitting display devices with top, bottom,
and dual emission modes, a thin film transistor, an anode,
and a cathode are disposed to optimize a configuration
of each emission mode, thereby optimally disposing the
thin film transistor without interfering with an emission
direction of a light emitting element.

[0024] In this specification, a flexible display device re-
fers to a display device endowed with flexibility, and may
be used to have the same meaning as a bendable display
device, arollable display device, an unbreakable display
device, or a foldable display device. In this specification,
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a flexible organic light emitting display device is one ex-
ample of various flexible display devices.

[0025] In this specification, a transparent display de-
vice refers to a transparent display device that is at least
a part of a screen of a display device viewed by a user.
In this specification, transparency of the transparent dis-
play device refers to a degree of transparency at which
a user at least recognizes an object behind a display
device. In this specification, the transparent display de-
vice includes a display area and a non-display area. The
display area is an area on which an image is displayed,
and the non-display area is an area on which no image
is displayed, such as a bezel area. To maximize trans-
mittance of the display area, the transparent display de-
vice is configured to dispose opaque components, such
as a battery, a printed circuit board (PCB), and a metal
frame, under the non-display area rather than the display
area.

[0026] In this specification, front and rear surfaces of
the transparent display device are defined based on light
emitted from the transparent display device. In this spec-
ification, the front surface of the transparent display de-
vice means a surface on which light from the transparent
display device is emitted, and the rear surface of the
transparent display device means a surface opposite to
the surface on which the light from the transparent display
device is emitted.

[0027] The features of various exemplary embodi-
ments of the presentinvention may be partially or entirely
bound or combined with each other, and be technically
engaged and driven using various methods as apparent
to those skilled in the art, and the exemplary embodi-
ments may be independently practiced alone or in com-
bination.

[0028] Hereinafter, various exemplary embodiments
of the present invention will be described in further detail
with reference to the accompanying drawings.

[0029] FIG. 1ais a cross-sectional view illustrating a
transparent organic light emitting display device in ac-
cordance with an embodiment of the inventive concept.
Referring to FIG. 1a, a transparent organic light emitting
display device 100A includes a first substrate 110A, a
thin film transistor (TFT) 130A, a gate insulating layer
132A, aninterlayer insulating layer 133A, an overcoating
layer 134A, an organic light emitting element 140A, and
a bank layer 135A.

[0030] The first substrate 110A is a substrate config-
ured to supportand protect various elements of the trans-
parent organic light emitting display device 100A. Ac-
cordingly, the first substrate 110A is illustrated as being
disposed at the bottom of the transparent organic light
emitting display device 100A, and may be referred to as
alower substrate, a supporting substrate, a thin film tran-
sistor substrate, a lower supporting member, and the
likes. The first substrate 110A is made of a transparent
insulating material, for example, glass, plastic, and the
likes. For purposes of explanations, is the first substrate
110A is described as being a glass substrate in the
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present disclosure with a refractive index of 1.5. Howev-
er, it should be appreciated that the first substrate 110 A
can be made of various other materials having different
refractive indexes

[0031] When the transparent organic light emitting dis-
play device 100A is a flexible transparent organic light
emitting display device, the first substrate 110A may be
formed of a flexible transparent insulating layer. The
available flexible transparent insulating material may in-
clude polyetherimide (PEI), polyethyelene terephthalate
(PET), polycarbonate (PC), polymethylmethacrylate
(PMMA), polystyrene (PS), styrene acrylonitrile copoly-
mer (SAN), silicon acryl resin, and the like in addition to
polyimide (PI).

[0032] The transparent organic light emitting display
device 100A may include a plurality of pixel regions. Each
of the plurality of pixel regions includes a plurality of sub
pixel regions including a red (R) sub pixel region, a green
(G) sub pixel region, and a blue (B) sub pixel region. In
some embodiments, the pixel region further includes a
white (W) sub pixel region to reduce the power consump-
tion and improve the luminance of the transparent organ-
ic light emitting display device. Herein, the pixel region
may be referred to as a pixel, and a sub pixel region may
be referred to as a sub pixel.

[0033] The first substrate 110A may include a pixel re-
gion including an R sub pixel region, a G sub pixel region,
and a B sub pixel region, and may further include a W
sub pixel region. The first substrate 110A may include a
plurality of pixel region. When the first substrate 110A
includes the plurality of pixel regions, the first substrate
110A may include a plurality of R sub pixel regions, a
plurality of G sub pixel regions, and a plurality of B sub
pixel regions, and may further include a plurality of W
sub pixel regions. When the first substrate 110A includes
the plurality of pixel regions, the plurality of pixel regions
may be arranged in a matrix form. For convenience of
description, FIG. 1a illustrates one sub pixel region, and
the illustrated one sub pixel region may be one of the R
sub pixel region, the G sub pixel region, the B sub pixel
region, and the W sub pixel regions.

[0034] The one sub pixel region of the transparent or-
ganiclight emitting display device 100A includes an emis-
sive area EA and a transmissive area TA. The emissive
area EA may be defined as a region in which light is
emitted to so that lights from the plurality of emissive
areas collectively form an image content. The transmis-
sive area TA is an area where the external light can pass
through. Because the external light can pass through the
transmissive area TA, objects behind the display through
the transmissive area TA. Accordingly, a viewer can si-
multaneously see the image content displayed by the
transparent organic light emitting display device 100A
and the background through the transmissive area TA.
An area ratio between the emissive area EA and the
transmissive area TA in the sub pixel region may vary
depending on the image visibility and transparency of the
transparent organic light emitting display device.
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[0035] Asshownin FIG. 1a, a thin film transistor (TFT)
is formed on the first substrate 110A within the emissive
area EA. The TFT includes an active layer 121A, a gate
electrode 122A, a source electrode 123A, and a drain
electrode 124A. One or more insulating layers may be
formed between these electrodes such as a gate insu-
lating layer 132A and/or an interlayer insulating layer
133A. The TFT may be formed in every pixel region
and/or in every sub pixel region on the first substrate
110A so that each pixel or each sub pixel can be driven
independent of the other pixels or sub pixels. The con-
figuration of a TFT is not limited to the above-described
example, and may be variously modified without depart-
ing from the spirit of the present invention.

[0036] The TFT described in the present disclosure
can be operatively connected to an organic light emitting
layer 144A to emit light. In a conventional organic light
emitting device, a switching TFT and a driving TFT are
used to control the organic light emitting layer 144A to
emit light according to appropriate signals (e.g., data sig-
nal, scan signal). The switching TFT operates to transfer
data signal from a data line to a gate electrode of the
driving TFT when the scan signal is applied from a gate
line. Upon receiving the date signal, the driving TFT op-
erates to transfer current from a power line to an anode,
thereby controlling the emission of the organic light emit-
ting layer of the corresponding pixel or sub pixel. The
transparent organic light emitting display device 100A
may include additional TFTs, such as a TFT for a com-
pensation circuit designed to prevent abnormal driving
of the transparent organic light emitting display device
100A.

[0037] Itshould be noted that the TFT being illustrated
in the drawings and described in the embodiments of the
present disclosure may be a switching TFT, adriving TFT
or any other TFT that may be included in a transparent
organic light emitting display device 100A.

[0038] Also, the TFT may have an inverted-staggered
structure or a coplanar structure. The inverted-staggered
thin film transistor may be defined as a thin film transistor
having a structure in which the gate electrode is posi-
tioned on one side of the active layer and the source/drain
electrodes are positioned on the opposite side of the ac-
tive layer, and may also be referred to as the bottom gate
TFT. The coplanar TFT may be defined as a TFT having
a structure in which the gate electrode and the
source/drain electrodes are positioned on the same side
of the active layer. The TFT shown in FIG. 1a has the
coplanar structure, but it should be noted that an inverted
staggered TFT may be employed. A transparent organic
light emitting display device employing an inverted stag-
gered TFT will be described in further detail below with
reference to FIG. Id.

[0039] The active layer 121A is formed on the first sub-
strate 110A. The active layer 121A may include a channel
region, in which a channel is formed, and a source region
and a drainregion in contact with a source electrode 123A
and a drain electrode 124A. In the present disclosure,
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the active layer 121A is described as being formed of an
oxide semiconductor. For example, the active layer 121A
can include an indium oxide (InO)-based material, a tin
oxide (SnO)-based material, a zinc oxide (ZnO)-based
material, and the likes. The active layer 121A can be
formed of a quaternary metal oxide composite material
such as indium tin gallium zinc oxide (InSn-
GaZnO)-based material. The active layer 121A can also
be formed of a ternary composite material including, but
not limited to, an indium gallium zinc oxide (In-
GaZnO)-based material, an indium tin zinc oxide (In-
SnZnO)-based materials, an indium aluminum zinc oxide
(InAlZnO)-based material, a tin gallium zinc oxide (Sn-
GaZnO)-based material, an aluminum gallium zinc oxide
(AlGaZnO)-based material and a tin aluminum zinc oxide
(SnAlZnO)-based material. Further, the active layer
121A can also be a binary composite material including,
but not limited to, an indium zinc oxide (InZnO)-based
material, a tin zinc oxide (SnZnO)-based material, an alu-
minum zinc oxide (AlZnO)-based material, a zinc mag-
nesium oxide (ZnMgO)-based material, a tin magnesium
oxide (SnMgO)-based material, an indium magnesium
oxide (InMgO)-based material and an indium gallium ox-
ide (InGaO)-based material. Composition ratios of the
elements contained the oxide semiconductors can vary
depending on the desired performance and reliability of
the TFT 130A.

[0040] The gate insulating layer 132A is formed on the
active layer 121A to insulate the active layer 121A from
the gate electrode 122A. The gate insulating layer 132A
may be formed of a single layer or a plurality of layers.
Also, the length of the gate insulating layer 132A may
vary based on the design of the TFT 130A. In FIG. 1a,
the gate insulating layer 132A is illustrated as having a
length that is substantially equal to the length of the gate
electrode 122A. In some other embodiments, however,
the gate insulating layer 132A can be formed over the
entire emissive area EA of the first substrate 110A and
may even extend over to the transmissive area TA of the
first substrate 110A.

[0041] The materialsfor forming the gate insulating lay-
er 132A as well as its stack configuration may vary de-
pending on the size and/or the location of the gate insu-
lating layer 132A. When the gate insulating layer 132A
is formed only within the emissive area EA, the gate in-
sulating layer 132A does not affect the transmissivity of
the display device 100A transmissive area TA. Therefore,
the gate insulating layer 132A can be formed of any ma-
terial that is capable of electrically insulating the active
layer 121A and the gate electrode 122A. When the gate
insulating layer 132A extends further into the transmis-
sive area TA of the first substrate 110A, however, the
gate insulating layer 132A may affect the transmissivity
of the display device 100A at the transmissive area TA
depending on the composition and/or the stack formation
of the gate insulating layer 132A. For instance, the dif-
ference of refractive indices between the first substrate
110A and the gate insulation layer 132A can cause total

10

15

20

25

30

35

40

45

50

55

reflection at their interface, and distort the light passing
through the transmissive area TA. Accordingly, it is pre-
ferred that the gate insulating layer 132A is formed of a
material having the same or substantially the same re-
fractive index as the first substrate 110A if the gate insu-
lating layer 132A is to be extended into the transmissive
area TA.

[0042] In cases where the gate insulating layer 132A
is formed of multiple layers of different refractive indices.
The layer with substantially the same refractive index as
the first substrate 110A may be extended further into the
transmissive area TA while the insulation layer with a
refractive index that differs from the first substrate 110A
is contained within the emissive area EA.

[0043] In the present disclosure, two layers or materi-
als are said to have substantially the same refractive in-
dices when the difference of their refractive indices is
equal to or less than 0.1. Accordingly, the gate insulating
layer 132A that extends into the transmissive area TA
may be formed of, for example, a silicon oxide film having
a refractive index of 1.45, assuming the first substrate
110Ais a glass substrate having a refractive index of 1.5.
In the example of multi-layered gate insulating layer
132A, the layer(s) that extends into the transmissive area
TA can be formed of, for example, a silicon oxide film.
The layer(s) that is limited within the emissive area EA
can be formed of, for example, a silicon nitride film having
a refractive index of 1.88. It should be understood that
the materials for forming the gate insulating layer 132A
and the first substrate 110A described above are only
exemplary. The first substrate 110A can be formed of
various other materials with a variety of different refrac-
tive indices, and thus the gate insulating layer 132A can
also be formed with various other materials by consider-
ing the difference of the refractive indices between the
materials of the gate insulating layer 132A and the ma-
terials of the first substrate 110A.

[0044] The gate electrode 122A is formed on the gate
insulating layer 132A. The gate electrode 122A at least
partially overlaps the active layer 121A, and specifically
overlaps the channel region of the active layer 121A. Ex-
emplary materials for forming the gate electrode 122A
includes, but are not limited to, molybdenum (Mo), alu-
minum (Al), chromium (Cr), gold (Au), titanium (Ti), nickel
(Ni), neodymium (Nd), copper (Cu), and an alloy thereof.
Multi-layered stacks of these materials can also be em-
ployed as the gate electrode 122A.

[0045] The interlayer insulating layer 133A is formed
on the first substrate 110A to electrically insulate the gate
electrode 122A from the source electrode 123A and the
drain electrode 124A. Contact holes extending from the
active layer 121A to the source electrode 123A and to
the drain electrode 124A are formed through the inter-
layer insulating layer 133A so that the source electrode
123A and thedrain electrode 124A contact the respective
ends of the active layer 121A. The interlayer insulating
layer 133A may be formed of the same material as the
gate insulating layer 132A. For example, the material for
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forming the interlayer insulating layer 133A may include,
but are not limited to, a silicon oxide, a silicon nitride or
acombination thereof. Also, multi-layered stacks of these
materials can be employed as the interlayer insulating
layer 133A. In the example illustrated in FIG 1A, the in-
terlayer insulating layer 133A is formed only within the
emissive area EA. In other embodiments, however, the
interlayer insulating layer 133A may be formed over the
entire emissive area EA and transmissive area TA of the
first substrate 110A.

[0046] Similar to the gate insulating layer 132A, the
materials and the stack configurations of the interlayer
insulating layer 133A can change according to the loca-
tion in which the interlayer insulating layer 133A is
formed. When the interlayer insulating layer 133A is
formed only within the emissive area EA of the first sub-
strate 110A, the materials and the stack configuration of
the interlayer insulating layer 133A do not affect the ex-
ternal light passing through the transmissive area TA.
Therefore, the interlayer insulating layer 133A may be
formed of, for instance, silicon oxide or a silicon nitride,
or a combination thereof. Multilayered stacks or multilay-
ered structure of such materials can be employed as the
interlayer insulating layer 133A within the emissive area
EA.

[0047] When the interlayer insulating layer 133A is
formed to in both the emissive area EA and the trans-
missive TA of the first substrate 110A, the materials and
the stack configuration of the interlayer insulating layer
133A can have detrimental effect on the transmissivity
of the display device 100A at the transmissive area TA.
The greater the difference of refractive indices between
the interlayer insulating layer 133A and the first substrate
110A, the greater the distortion of light caused by the
total reflection. Therefore, when the interlayer insulating
layer 133A is formed in both the emissive area EA and
the transmissive area TA of the first substrate 110A, only
the layer(s) formed of a material having substantially the
same refractive index as the first substrate 110A extends
into the transmissive area TA. The layer(s) employed
within the interlayer insulating layer 133A formed of a
material with a refractive index that differs over a prede-
termined limit (e.g., the difference of refractive indices
greater than 0.1) is formed only within the emissive area
EA.

[0048] Forexample, aninterlayerinsulating layer 133A
having a single-layered configuration, which covers both
the emissive area EA and the transmissive area TA, may
be formed of a material such as a silicon oxide with a
refractive index of 1.45. An interlayer insulating layer
133A having a multi-layered configuration can be formed
a plurality of layers formed of silicon oxide and silicon
nitride that are alternately stacked, in which only the sil-
icon oxide layer(s) is extended into the transmissive area
TA.

[0049] The source electrode 123A and the drain elec-
trode 124A are formed on the interlayer insulating layer
133A. The source electrode 123A and the drain electrode
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124A may be electrically connected to the source region
and the drain region of the active layer 121A through the
contact holes formed in the interlayer insulating layer
133A and/or the gate insulating layer 132A, respectively.
The source electrode 123A and the drain electrode 124A
may include any one among Mo, Al, Cr, Au, Ti, Ni, Nd,
and Cuor an alloy thereof. However, the source electrode
123A and the drain electrode 124 A are notlimited thereto,
and may be formed of various materials. Further, the
source electrode 123A and the drain electrode 124A may
include multiple layers including any one selected from
the group consisting of Mo, Al, Cr, Au, Ti, Ni, Nd, and Cu
or an alloy thereof.

[0050] A passivationlayermay be formed overthe TFT
disposed in the emissive area EA. The passivation layer
is a protection layer, which provides electrical stability by
isolating the transistor surface from electrical and chem-
ical conditions in the environment. The passivation layer
may be formed of the same material as the interlayer
insulating layer 133A and/or the gate insulating layer
132A such as a single layer of silicon oxide or silicon
nitride or multiple layers thereof. However, the passiva-
tion layer is not limited thereto, and may be formed of
various materials. When the passivation layer is formed
in both the emissive area EA and the transmissive area
TA, the passivation layer may be formed in the similar
stack configuration as the gate insulating layer 132A
and/or the interlayer insulating layer 133A.

[0051] As depicted in FIG. 1a, the overcoating layer
134A is formed on the first substrate 110A to provide a
planar surface from the emission area EA to the trans-
missive area TA. In other words, the overcoating layer
134Aplanarizes a top of the first substrate 110A. As such,
the overcoating layer 134A may be referred to as a
planarization layer. In embodiments employing a passi-
vation layer as described above, the overcoating layer
134A may be formed on the passivation layer. Further,
the overcoating layer 134A may be provided with a con-
tact hole that exposes the source electrode 123A and/
or the drain electrode 124A, which may be electrically
connected to other electrodes of the organic light emitting
device 100A.

[0052] As illustrated in FIG 1A, the overcoating layer
134A may compensate for the height difference between
the emissive area EA and the transmissive area TA,
which is caused by formation of various elements in the
emissive area EA, thereby planarizing the surface over
the emissive area EA and the transmissive area TA. In
the exemplary embodiments shown in FIG. 1a, the over-
coating layer 134A is formed on the TFT (e.g., the active
layer 121A, the gate electrode 122A, the source elec-
trode 123A, the drain electrode 124A) and other insulat-
ing layers (e.g., the gate insulating layer 132A, the inter-
layer insulating layer 133A, the passivation layer) dis-
posed in the emissive area EA of the first substrate 110A,
and extended further into the transmissive area TA of the
first substrate 110A. Since there is no other elements
formed in the transmissive area TA of the first substrate
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110A, the overcoating layer 134A is disposed on the up-
per surface of first substrate 110A in the transmissive
area TA, and fills the space caused by the missing ele-
ments (e.g., the gate insulating layer 132A, the interlayer
insulating layer 133A, the TFT, etc.) in the transmissive
area TA of the first substrate 110A.

[0053] The overcoating layer 134A is made of a mate-
rial that has the same refractive index as that of the first
substrate 110A. As described above, distortion of light
such as total reflection of the light is caused in the inter-
face between the first substrate 110A and the overcoat-
ing layer 134A if their refractive indices do not match, or
otherwise differ more than the predetermined threshold
value (e.g., 0.1). Therefore, in the transparent organic
light emitting display device 100A of an embodiment, the
refractive index of the overcoating layer 134A is the
same, or substantially the same, as that of the first sub-
strate 110A. In the present disclosure, elements or ma-
terials are described as having "substantially the same
refractive index" even if their refractive indices are not
exactly the same so long as the difference is small
enough (e.g., equal to or less than 0.1) to minimize the
total reflection of light at the interfacing surface of the
elements. The material for forming the overcoating layer
134A may include, but are not limited to, polyaluminum
chloride (PAC) which is a resinous material having a re-
fractive index of 1.5 or silicon oxide (SiO,). Hereinafter,
for convenience of description, it is described that the
overcoating layer 134A is formed of PAC.

[0054] The organic light emitting element 140A includ-
ing an anode 14 1A, the organic light emitting layer 144A,
and a cathode 145A is formed on the overcoating layer
134A. The organic light emitting element 140A is driven
by the emission principle through recombination of holes
provided from the anode 141A and electrons provided
from the cathode 145A in the organic light emitting layer
144A to form an image.

[0055] The transparent organic light emitting display
device 100A is an independent driving type display de-
vice, and is driven in sub pixel region units. Therefore,
the above-described TFT and organic light emitting ele-
ment 140A are disposed in each of the sub pixel regions
so that the TFT disposed in each of the sub pixel region
independently drives the organic light emitting element
140A.

[0056] AsdepictedinFIG. 1a, the anode 141 is formed
on the overcoating layer 134A. The anode 141A may be
referred to a positive electrode, a pixel electrode, or a
first electrode. The anode 141 may be connected to the
source electrode 123A of the TFT through the contact
hole formed in the overcoating layer 134A. However, the
connection of the anode is not limited thereto, and the
anode may be connected to the drain electrode 124A
according to a type of the thin film transistor.

[0057] Theanode 141A may be formed of a conductive
material having a high work function to provide holes.
The transparent conductive layer 143A may be formed
of a material having a high work function, for example, a
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transparent conductive oxide (TCO). Materials for form-
ing the transparent conductive layer 143A may include,
but are not limited to, indium tin oxide (ITO), indium zinc
oxide (1Z0), Indium tin zinc oxide (ITZo), zinc oxide (ZO),
tin oxide (TO), or a combination thereof.

[0058] InFIG.1a,thetransparentorganic light emitting
display device 100A is a top-emission type organic light
emitting display device. Generally, the organic light emit-
ting layer 144A emits light in all directions. Although the
emitted light may be reflected off by some of the elements
disposed under the transparent conductive layer 143A
and exit towards the top of the organic light emitting el-
ement 140A, a significant portion of the light may still
exits through the first substrate 110A, leading to poor
luminance efficiency. As such, when the organic light
emitting display device is configured as a top-emission
type, the anode 141A can be formed of stacked layers
of a reflection layer 142A and a transparent conductive
layer 143A, in which the reflection layer 142A is formed
below the transparent conductive layer 143A.

[0059] The reflection layer 142A may be formed of a
material having low electrical resistance property and
good light reflectivity, for example, silver (Ag), Ni, Au,
platinum (Pt), Al, Cu, molybdenum/aluminum neodym-
ium (Mo/AINd), or a combination thereof. Herein, the an-
ode 141Ais defined to include the transparent conductive
layer 143A and the reflection layer 142A, but the anode
141A may be defined to include only transparent con-
ductive layer 143A, and the reflection layer 142A may be
defined as a separation configuration. Further, herein, it
has been described thatthe anode includes a transparent
conductive material having high work function and a re-
flection metal layer, however, the anode 141A in itself
may be formed of a conductive material having high work
function and good reflectance.

[0060] Since the anode 141A primarily serves to pro-
vide holes to the organic light emitting layer 144A, the
anode 141A only needs to be formed in the emissive area
EA. Accordingly, the anode 141A is formed in the emis-
sive area (EA) in each of the pixel/sub pixel regions of
the first substrate 110A so that each of the pixel/sub pixel
regions can be driven individually. As for the transparent
conductive layer 143A, external light can still pass
through the transmissive area TA even if the transparent
conductive layer 143A is extended further into the trans-
missive area TA, albeit at decreased clarity. The reflec-
tion layer 142A, however, may significantly or wholly
block the external light if it is extended into the transmis-
sive area TA. Therefore, the reflection layer 142A should
not be extended into the transmissive area TA.

[0061] Any one or both of the transparent conductive
layer 143A and the reflection layer 142A that constitute
the anode 141A may be electrically connected to the
source electrode 123A. In FIG. 1a, the electrical connec-
tion between the source electrode 123A and the anode
141A is made by connecting the transparent conductive
layer 143A to the source electrode 123A via a contact
hole formed through the overcoating layer 134A and the
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reflection layer 142A. In some other embodiments, how-
ever, such electrical connection between the source elec-
trode 123A (or the drain electrode 124A) and the anode
141A can be made by connecting the reflection layer
142A to the source electrode 123A via a contact hole
through the overcoating layer 134A.

[0062] The banklayer 135A is formed on the overcoat-
ing layer 134A. The bank layer 135A serves to divide
adjacent sub pixel regions, and additionally serves to di-
vide the emissive area EA and the transmissive area TA
in one sub pixel region. The bank layer 135A may be
formed to open a portion of the anode 141A. The bank
layer 135A can be formed of an organic insulating mate-
rial, for example, any one of polyimide, photoacryl, and
benzocyclobutene (BCB). The bank layer 135A may be
formed in a tapered shape. When the bank layer 135A
is formed in a tapered shape, the bank layer 135A may
be formed using a positive photoresist.

[0063] In some embodiments, the transparent organic
light emitting display device 100A may employ direct
emission organic light emitting elements (referred here-
inafter as "RGB type"). The RGB type organic light emit-
ting element generally uses three sub pixels that each
emits a designated color (red, green or blue) to create a
full-color pixel without filtering the light from the sub pix-
els. In some other embodiments, the transparent organic
light emitting display device 100A may employ white or-
ganic light emitting elements in conjunction with color
filters (referred hereinafter as "RGBW type"). The white
organic light emitting element is configured to emit white
light, and the white light is passed through a color filter
to form a specific color (red, green, blue) at each of the
sub pixels. The white organic light emitting element may
have additional sub pixel, which emits white light without
being filtered to increase the overall luminance of each
pixel of the display device 100A.

[0064] As described above, each sub pixel region has
an emissive area EA and a transmissive area TA, and
the anode 141A is formed in the emissive area EA in
each of the sub pixel regions. The red sub pixel region,
the green sub pixel region and the blue sub pixel region
can be defined by openingsinthe bank layer 135A. When
the transparent organic light emitting display device 100A
employs the RGB type organic light emitting elements
140A, the organic light emitting layer 144A that emits one
of red, green or blue light is formed on the anode 141A
so that each sub pixel directly emits a corresponding
colored light without a color filter. When the transparent
organic light emitting display device 100A employs the
RGBW type organic light emitting elements 140A, a white
organic light emitting layer 144A may be formed over the
substantially the entirety of the first substrate 110A. Al-
ternatively, the white organic light emitting layer 144A
may be discretely formed in the emissive area of the red,
green and blue sub pixel regions to be separated from
each other.

[0065] In FIG. 1a, for convenience of description, the
organic light emitting element 140A is illustrated as the
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RGBW type and that the organic light emitting layer 144A
formed in the emissive area EA is a white organic light
emitting layer. The arrangement of the color filters will be
described in further detail below with reference to FIG. 1c.
[0066] The cathode 145Ais formed on the organic light
emitting layer 144A. The cathode 145A may be referred
to as a negative electrode, a common electrode, or a
second electrode. The cathode 145A is connected to a
separate voltage line, and may apply the same voltage
to all the sub pixel regions.

[0067] The cathode 145 is formed of a material having
high electrical conductivity and a low work function, that
is, a cathode material to provide electrodes. The specific
material constituting the cathode 145A may be different
according to an emission type of the flexible organic light
emitting display device. In a top-emission type organic
light emitting display device as shown in FIG. 1a, the
cathode 145A may be formed of a very thin layer of a
metal material having a low work function. Materials for
forming the cathode 145A may include, but are notlimited
to, Ag, Ti, Al, Mo, or an alloy of Ag and Mg. In the top-
emission type, the cathode 145A should have a thickness
of several hundreds of A or less, for example, 200 A or
less. At this range, the cathode 145A is substantially a
transparent. Even if metal layer having high light reflec-
tivity is used, sufficient transparency can be obtained if
the cathode 145A is formed in a thickness equal to or
less than a predetermined thickness (for example, 200
A). As such, the cathode 145A may be substantially re-
ferred to as a transparent cathode. The cathode 145A
can also be formed with a material including carbon nano
tube and/or graphene, which is known to be highly con-
ductive and transparent.

[0068] The cathode 145A is formed in the emissive ar-
ea EA of each of the sub pixel regions of the first substrate
110A. As described above, the emissive area EA is a
region that emits light to collectively display the actual
image and the transmissive area TA is a region in which
external light is passed through, and thus the cathode
145A needs to be formed in the emissive area EA. In
FIG. 1a, the cathode 145A is illustrated as being formed
only on the emissive area EA. However, the cathode
145A can be substantially transparent when its thickness
is sufficiently thin, or otherwise has a thickness below a
predetermined threshold value (e.g., 200 A or less). As
such, in some embodiments, the cathode 145A may be
formed in the emissive area EA and the transmissive
area TA.

[0069] To improve transmittance and minimize degra-
dation in luminance, it is important to improve the trans-
mittance of the external light through the transparent or-
ganic light emitting display device 100A, especially the
light entering from the first substrate 110A and exiting to
the top of the device 100A. Referring to FIG. 1a, in the
transparent organic light emitting display device 100A
according to an embodiment, the organic light emitting
element 140A is not formed on the overcoating layer
134A formed in the transmissive area TA of the first sub-
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strate 110A. Instead, only the first substrate 110A and
the overcoating layer 134A are formed in the transmis-
sive area TA of the first substrate 110A, in which the first
substrate 110A and the overcoating layer 134A have sub-
stantially the same the refractive index. Therefore, dis-
tortion such as total reflection of light in the interface be-
tween the first substrate 110A and the overcoating layer
134A is minimized, or eliminated, to improve the trans-
mittance at the transmission area(s) TAs of the transpar-
ent organic light emitting display device 100A.

[0070] FIG. 1b is a cross-sectional view illustrating an
exemplary transparent organic light emitting display de-
vice 100B according to an embodiment of the present
invention. In should be noted that the same elements are
denoted with the same numerals in the drawings of the
present disclosure. As such, the element illustrated in
FIG. 1a and FIG. 1b that are denoted with the same nu-
meral should be understood as the same element, and
thus repeated description thereof will be omitted.
[0071] As shown in FIG. 1b, a buffer layer 131B is
formed on a first substrate 110B to reduce permeation
of moisture or other impurities through the first substrate
110B, and to planarize the surface of the first substrate
110B. The inclusion of the buffer layer 131B in the organic
light emitting display device is optional, and may or may
not be employed in the organic light emitting display de-
vice based on the materials of the first substrate 110B
and/or the TFT.

[0072] The buffer layer 131B can formed of a single
layer or multiple layers. When the buffer layer 131B is
formed of multiple layers, a layer of silicon oxide and a
layer of silicon nitride may be alternately stacked. Spe-
cific order of the layers within the buffer layer 131B can
be configured by considering the interface characteristic
between the buffer layer 131B and the TFT. More spe-
cifically, the material for forming the buffer layer 131B
may be selected according to the interface characteristic
with the active layer 121B depending on the structure of
the thin film transistor. For example, the buffer layer and
the semiconductor layer may be in direct contact in a
coplanar TFT. In this case, a layer containing hydrogen
atoms may react with the oxide semiconductor and form
moisture within the TFT, thereby negatively affecting the
performance of the TFT. For this reason, in a coplanar
TFT using an oxide semiconductor, the layer of the buffer
layer 131B contacting the oxide semiconductor should
not contain hydrogen. For example, the buffer layer 131B
may be formed of a stack of silicon oxide layer and a
silicon nitride layer, and the layer contacting the oxide
semiconductor can be a silicon oxide layer rather than
the silicon nitride layer.

[0073] When the buffer layer 131B is formed in a multi-
layered stack of a silicon oxide layer and a silicon nitride
layer, the refractive index of the silicon oxide (1.45) is
substantially the same as the refractive indexes of the
first substrate 110B (assuming the first substrate 110B
is made of glass: refractive index of 1.5) and the over-
coating layer 134B. However, the refractive index of the
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silicon nitride layer (i.e., 1.88) is greater than the refrac-
tive indices ofthe first substrate 110B and the overcoating
layer 134B by more than the threshold value (e.g., 0.1).
Such difference in the refractive indices causes distortion
of light such as total reflection of light at their interface.
Therefore, as illustrated in FIG. 1b, only the layer(s)
among the multi-layered buffer layer 131B that has the
same or substantially the same refractive index as the
first substrate 110B and the overcoating layer 134B (e.g.,
silicon oxide layer) may be extended out to the transmis-
sive area TA while other layer(s) (e.g., silicon nitride lay-
er) are contained within the emissive area EA.

[0074] FIG. 1cis a cross-sectional view illustrating an
exemplary transparent organic light emitting display de-
vice 100C according to an embodiment of the present
invention. In should be noted that the same elements are
denoted with the same numerals in the drawings of the
present disclosure. As such, the element illustrated in
FIG. 1a and FIG. 1c that are denoted with the same nu-
meral should be understood as the same element, and
thus repeated description thereof will be omitted.
[0075] The second substrate 115C is a substrate con-
figured to support and protectvarious elements of atrans-
parent organic light emitting display device 100C, and
disposed to face the first substrate 110C. The second
substrate 115C is a supporting plate located in a top of
the transparent organic light emitting display
device100C, and may be referred to as an upper sub-
strate, a protection substrate, a color filter substrate, a
cover, a cover substrate, and an upper supporting mem-
ber, or the like. The second substrate 115C may include
a transparent insulating material, and the second sub-
strate 115C may be formed of substantially the same
material as the first substrate 110C. Therefore, the sec-
ond substrate 115C may have substantially the same
refractive index as the first substrate 110C.

[0076] A black matrix may be formed on the second
substrate 115C. The black matrix may be formed in a
boundary between the sub pixel regions. The black ma-
trix may be formed of chromium (Cr) or another opaque
metal, or formed of a resin. The black matrix may sepa-
rate sub pixel regions and color filters 170C formed in
the sub pixel regions.

[0077] When the transparent organic light emitting dis-
play device 100C employs RGBW type organic light emit-
ting element, a color filter 170C is formed on the second
substrate 115C. The color filter 170C may be formed in
each of the sub pixel regions on the second substrate
115C. When the color filter 170C is formed in the red sub
pixel region, the color filter 170C may be a red color filter.
When the color filter 170C is formed in the green sub
pixel region, the color filter 170C may be a green color
filter. When the color filter 170C is formed in the blue sub
pixel region, the color filter 1770C may be a blue color
filter. As described above, the organic light emitting layer
144C is configured to emit white light, and filtered by the
color filter 170C. For example, the white light emitted by
the organic light emitting layer 144C is filtered by the red
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color filter to be transformed into red light, filtered by the
green color filter to be transformed into green light, and
filtered by the blue color filter to be transformed into blue
light. As illustrated in FIG. 1c, when the transparent or-
ganic light emitting display device 100C is a top-emission
type organic light emitting display device, the color filter
170C is disposed at the upper side the organic light emit-
ting layer 144C.

[0078] The color filter 170C is formed in a region cor-
responding to an emissive area EA of the second sub-
strate 115C. As illustrated in FIG. 1c, when the transpar-
ent organic light emitting display device 100C is a top-
emission type organic light emitting display device, and
the organic light emitting layer 144C emits white light,
the white light emitted by the organic light emitting layer
144C is passed through the color filter 170C to be trans-
formed into light of a specific color. However, since a
transmissive area TA is not a region emitting light of a
specific color but a region transmitting external light of
the transparent organic light emitting display device
100C, when the color filter 170C is disposed in the trans-
missive area TA, a color of the external light is color-
shifted to the color represented by the color filter 170C.
Therefore, the color filter 170C is not formed in the trans-
missive area TA, butformed only in the emissive area EA.
[0079] Although now shown in FIG. 1c, in some em-
bodiments, a polarizing film may be disposed on the sec-
ond substrate 115C. Specifically, the polarizing film may
be disposed on a surface of the second substrate 115C
opposite to the surface on which the color filter 170C is
formed. The polarizing film may improve linearity of the
light emitted from the organic light emitting layer 144C
to prevent scattering or interference and improve color
sense. Further, the polarizing film may selectively trans-
mit the external light, and reduce the reflection of external
light to improve visibility of the organic light emitting dis-
play device.

[0080] Inthe exemplary embodiment showninFIG. 1c,
an encapsulating layer 160C is formed between the first
substrate 110C and the second substrate 115C. More
specifically, the encapsulating layer 160C is formed be-
tween the organic light emitting element 140C and the
color filter 170C within the emissive area EA. Also, in the
transmissive area TA, the encapsulating layer 160C is
formed between the overcoating layer 134C and the sec-
ond substrate 115C. The encapsulating layer 160C may
protect internal elements of the transparent organic light
emitting display device 100C such as the TFT and the
organic light emitting element 140C from moisture, air,
and shock from the external environment. The encapsu-
lating layer 160C may be referred to as an encapsulating
layer, an encapsulating member, a sealing layer, or a
sealingmember. Forexample, as the encapsulating layer
160C, a face seal may be used.

[0081] A refractive index of the encapsulating layer
160C is substantially the same as that of the overcoating
layer 134C. Therefore, the refractive indices of the first
substrate 110C, the overcoating layer 134C, the encap-
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sulating layer 160C, and the second substrate 115C may
substantially the same in the region corresponding to the
transmissive region TA. A material of the encapsulating
layer 160C for matching of a refractive index may include,
but are not limited to, glycerol, 1,2-propanediol, glycerin,
trimethylopropane, triethanolamine, ethylene glycol, 1,3-
propanediol, 1,4-butanediol, 1,8-octanediol, 1,2-butane-
diol, 2,3-butanediol, 1,2-pentanediol, etohexadiol, p-
Methane-3,8-diol, and 1-Methyl-2,4-pentanediol. The
material of the encapsulating layer is not limited thereto,
and another adhesive material substantially having the
same refractive index as that of the first substrate 110C
may be used.

[0082] In the transparent organic light emitting display
device 100C, refractive indices of insulating materials
constituting the overcoating layer 134C and the encap-
sulating layer 160C disposed in the transmissive area
TA of the first substrate 110C and the second substrate
115C are substantially the same as those of the first sub-
strate 110C and the second substrate 115C. Therefore,
distortion such as total reflection of the light in the region
corresponding to the transmissive area TA of the trans-
parent organic light emitting display device 100C may be
minimized.

[0083] Insomeembodiments, atransparentresin layer
may be formed in a region of the second substrate 115C
in which the color filter 170C is not formed, that is, in a
region of the second substrate 115C corresponding to
the transmissive area TA of the first substrate 110C. As
described above, it is preferable that the external light
passes through the transmissive area TA of the trans-
parent organic light emitting display device 100C with
minimum distortion. Therefore, the transparent resin lay-
er may be formed in the second substrate 115C corre-
sponding to the transmissive region TA, and the trans-
parent resin layer may be formed to the same thickness
as that of the color filter 170C. The transparentresin layer
may be formed of a material having substantially the
same refractive index as those of the second substrate
115C and the encapsulating layer 160C.

[0084] FIG. Id is a cross-sectional view illustrating a
transparent organic light emitting display device accord-
ing to an embodiment of the present invention. Referring
to FIG. 1d, the first substrate 110D, the overcoating layer
134D, the organic light emitting element 140D, the bank
layer 135D, the encapsulating layer 160D, the color filter
170D, and the second substrate 115D are substantially
the same as the respective elements depicted in FIG. 1c,
and thus repeated description will be omitted.

[0085] Inthe embodiment shown in FIG. 1d, aninvert-
ed-staggered TFT is used as opposed to the coplanar
TFT used in the embodiment shown in FIG. 1c. A buffer
layer 131D is formed on the first substrate 110D. As de-
scribed above, the buffer layer 131D is an optional ele-
ment, and its inclusion in the display device may depends
on the type of the first substrate 110D and/or the type of
TFT used in display device 100D.

[0086] When an inverted-staggered TFT is employed



21 EP 2 939 290 B1 22

in the display device, a silicon nitride based buffer layer
is more advantageous than the silicon oxide based buffer
layerfor the transistor efficiency due to the interface char-
acteristic with the active layer 121D. The buffer layer
131D formed of silicon nitride, however, may distort the
external light passing through the display device 100D
due to the relatively large refractive index difference with
respect to the other elements (e.g., first and second ?
assuming glass ? substrates, overcoating layer, interlay-
erinsulating layer, encapsulating layer). Accordingly, the
buffer layer 131D is formed only within the emissive area
EA to improve transmittance in the transmission area TA
and minimize degradation in luminance of the display
device 100D.

[0087] As previously described, the buffer layer 131D
may be formed with multiple layers, which may include
one or more layers of silicon oxide and one or more layers
of silicon nitride. Since the silicon nitride based buffer
layer is likely to improve the TFT efficiency (inverted-
staggered TFT), the upper most layer of the multi-layered
buffer layer may be formed of silicon nitride. The location
for disposing the multi-layered buffer layer in the display
device, however, remains the same as the embodiments
employing the coplanar TFT. That s, since the refractive
index of the silicon oxide film is 1.45 and the refractive
index of the silicon nitride film is 1.88, the distortion of
light such as total reflection of light is caused when both
the silicon oxide film and the silicon nitride film of the
buffer layer 131D are formed in the transmissive area
TA. Therefore, as illustrated in FIG. 1d, the buffer layer
131D may be formed only in the emissive area EA, or
alternatively, only the layer(s) of the multi-layered buffer
layer that has the same refractive index as the other el-
ements disposed in the transmissive area TA extends
further into the transmissive area TA.

[0088] The gate electrode 122D may be formed on the
first substrate 110D or on the buffer layer 131D as de-
picted in FIG. Id. Other than a formation location of the
gate electrode 122D formed on the first substrate 110D
according to the structure of the thin film transistor, that
is, the inverted-staggered thin film transistor, the gate
electrode 122D is substantially the same as that of FIG.
1a, and thus repeated description will be omitted.
[0089] The gate insulating layer 132D is formed on the
gate electrode 122D. The gate insulating layer 132D in-
sulates the active layer 121D from the gate electrode
122D. Other than being formed on the gate electrode
122D and below the active layer 121D, other aspects of
the gate insulating layer 132D is substantially the same
as that of FIG. 1a.

[0090] The active layer 121D is formed on the gate
insulating layer 132D. The active layer 121D may be
formed on the gate electrode 122D and the gate insulat-
ing layer 132D to be in contact with a partial region of the
gate electrode 122D. Other than being formed on the
gate insulating layer 132D, other aspects of the active
layer 121D is substantially the same as that of FIG. 1a.
[0091] The source electrode 123D and the drain elec-
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trode 124D are formed on the gate insulating layer 132D.
The source electrode 123D is formed to be in contact
with a partial region of the gate insulating layer 132D and
a partial region of the active layer 121D formed on the
gate insulating layer 132D. The drain electrode 124D is
formed to be in contact with the other partial region of
the gate insulating layer 132D and the other partial region
of the active layer 121D formed on the gate insulating
layer 132D. Other than the formation location of the
source electrode 123D and the drain electrode 124D,
other aspects of the source electrode 123D and the drain
electrode 124D are substantially the same as those of
FIG. 1a. Although not shown in FIG. 1d, a separate re-
sistance reduction member may be disposed between
the active layer 121D and the source electrode 123D and
between the active layer 121D and the drain electrode
124D to reduce the contact resistance between the active
layer 121D and the source electrode 123D and between
the active layer 121D and the drain electrode 124D.
[0092] FIG. 2a is a cross-sectional view illustrating a
transparent organic light emitting display device accord-
ing to an embodiment of the present invention. Referring
to FIG. 2a, a transparent organic light emitting display
device 200A includes a first substrate 210A, a thin film
transistor, a gate insulating layer 232A, an interlayer in-
sulating layer 233A, an overcoating layer 234A, an or-
ganic light emitting element 240A, and abank layer 235A.
The first substrate 210A, the thin film transistor, the gate
insulating layer 232A, the interlayer insulating layer
233A, an overcoating layer 234A, the organic light emit-
ting element 240A, and the bank layer 235D are substan-
tially the same as those of FIG. 1c, and thus repeated
description will be omitted.

[0093] The transparent organic light emitting display
device 200A includes afirstinsulating layer and a second
insulating layer formed between the first substrate 210A
and the second substrate 215A. Among the first and sec-
ond insulating layers, the insulating layers having sub-
stantially the same refractive index as the first substrate
210A are disposed in both the emissive area EA and the
transmissive area TA, while the insulating layers having
refractive index that differs from the refractive index of
the first substrate 210A by more than certain value are
disposed only within the emissive area EA. For conven-
ience of description, the first insulating layer refers to the
insulating layer with a refractive index that differs from
the refractive index of the first substrate 210A by more
than certain value. Also, the second insulating layer re-
fers to the insulating layer having the same or substan-
tially the same refractive index as the first substrate 210A.
More detailed description for the first insulating layer and
second insulating layer will be made with reference to
FIG. 2b.

[0094] Reference is now made to FIG. 2b, which is a
pictorial representation of how light propagates through
multiple optical mediums. FIG. 2b(a) illustrates refraction
of light when the light travels through a medium having
arefractiveindex n, toamedium having arefractive index
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n,, in which the refractive index n, is larger than the re-
fractive index n,. FIG. 2b(b) illustrates refraction of light
when the light travels through a medium having a refrac-
tive index n3 to a medium having a refractive index n 4,
in which the refractive index n5 substantially the same as
the refractive index ny. In FIGS. 2b(a) and 2b(b), it is
assumed that an incident angle (0) of incident light is
larger than the critical angle.

[0095] Referring to FIG. 2b(a), when the light travels
from a medium having a high refractive indexto amedium
having low refractive index, the light projected an incident
angle greater than the critical angle reflected off at the
interface between the two medium. Therefore, when the
light travels from the medium having the refractive index
n, to the medium having the refractive index n,, the light
does not pass through the boundary between the medi-
um having the refractive index n, and the medium having
the refractive index n,, and is totally-reflected back to-
ward the medium having the refractive index n,. For ex-
ample, the medium having the refractive index ny may
be the buffer layer including a silicon nitride film, and the
interlayer insulating layer, and the likes, and the medium
having the refractive index n, may be the buffer layer
including a silicon oxide film, the interlayer insulating lay-
er, the first substrate, the overcoating layer, and the en-
capsulating layer.

[0096] However, as illustrated in FIG. 2b(b), when light
travels to the media having the refractive index, which
substantially the same, the light is not reflected, and
crosses the interface between the two mediums, then
eventually passes through them. For example, the media
having refractive indexes n3 and n, may be the buffer
layer including a silicon oxide film, the first substrate, the
overcoating layer, and the encapsulating layer. There-
fore, it is preferred to match the refractive indices of the
medium disposed along the path of the light to minimize
such total reflection.

[0097] Referring backto FIG. 2a, the second insulating
layer may be the overcoating layer 234A substantially
having the same refractive index as that of the first sub-
strate 210A and formed in the transmissive area TA. The
firstinsulating layer may be the gate insulating layer 232A
or the interlayer insulating layer 233A having a refractive
index which is not substantially the same as the first sub-
strate 210A being formed only in the emissive area EA.
Accordingly, in the transparent organic light emitting dis-
play device 200A, all of the insulating layers, which are
formed to be extended from the emissive area EA to the
transmissive area TA, are formed with a material having
the same or at least substantially the same refractive
index as the first substrate 210A. In this way, the light
transmittance at the transmissive area TA and the lumi-
nance of the display device 200A can be improved.
[0098] FIGs.2cand 2e are cross-sectional views, each
illustrating a transparent organic light emitting display de-
vice according to an embodiment of the present inven-
tion. A buffer layer (231C, 231E) formed on the first sub-
strate (210C, 210E) for reducing permeation of moisture
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or other impurities through the first substrate (210C,
210E). The buffer layer (231C, 231E) may be formed of
materials selected based on the type of the TFT em-
ployed in the display device, particularly based on the
interface characteristic of the active layer (221C, 221E).
For a coplanar TFT as shown in FIGs. 2c, which has its
active layer 221C in contact with the buffer layer 231C,
the buffer layer formed of a silicon oxide film provides
better transistor efficiency due to the interface character-
istic with the active layer 221C. On the other hand, for
aninverted-staggered TFT as shown in FIG. 2e, the buff-
er layer 232E formed of a silicon nitride film provides
better transistor efficiency due to the interface character-
istic with the active layer 221E.

[0099] Assuming the first substrate is formed of glass,
the buffer layer 231C formed of the silicon oxide film is
considered to have substantially the same refractive in-
dex of the first substrate 210C. (e.g., 1.5 and 1.45) Fur-
ther, the buffer layer 231C has substantially the same
refractive index as the overcoating layer 234C that has
the same or substantially the same refractive index as
the first substrate 210C. Since the refractive index of
these layers substantially match with respect to each oth-
er, total reflection of the light at the interface of these
layers can be minimized. While the buffer layer 231C can
be formed only in the emissive area EA as illustrated in
FIG. 2c, the buffer layer 231C formed in the emissive
area EA may be extended further to the transmissive
area TA for various reasons, such as for improved dura-
bility, prevention of moisture/ impurity prevention as well
as ease of fabrication.

[0100] Referring to FIG. 2d, the buffer layer 231D can
be formed in stacks of layers (e.g., first buffer layer 236D
and second bufferlayer237D). Each layer may be formed
of one or more of different materials. For instance, the
first buffer layer 236D can be formed of silicon nitride and
the second buffer layer 237D can be formed of silicon
oxide. The order of layers being stacked in forming the
buffer layer 231D can still be based on the type of the
TFT employed in the display device 200D. Since a layer
formed of Silicon oxide is more advantageous for copla-
nar TFT interms of transistor efficiency; the second buffer
layer 237D formed of silicon oxide is used as the upper
most layer of the buffer layer 231E. In contrast, since a
layer formed of silicon nitride is more advantageous for
inverted-staggered TFT, a layer formed of silicon nitride
should be the layer of the buffer layer being in contact
with the active layer of the TFT.

[0101] It should be reminded that refractive index of
Silicon nitride layer (i.e., 1.88) is much higher than the
silicon oxide layer. Therefore, the layer formed of silicon
nitride and the layer formed of silicon oxide should not
be formed in the transmissive area TA of the display de-
vice. For instance, any layers including silicon nitride
should not be extended further into the transmissive area
TA if the first substrate is formed of glass (or other ma-
terial having refractive index that differs by more than
0.1).
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[0102] FIG. 2f is a cross-sectional view illustrating a
transparent organic light emitting display device accord-
ing to another embodiment of the inventive concept. A
first substrate 210F, a thin film transistor, a buffer layer
231F, a gate insulating layer 232F, an interlayer insulat-
ing layer 233F, an overcoating layer 234F, an organic
light emitting element 240F, a bank layer 235F, a color
filter 270F, and a second substrate 215F illustrated in
FIG. 2f are substantially the same as those of FIG. 2d,
and thus repeated description will be omitted

[0103] In a transmissive area TA of the second sub-
strate 215F, the color filter 270F is not formed, but a trans-
parent resin layer 275F may be formed. The transparent
resin layer 275F is formed to the same thickness as the
colorfilter 270F to remove a step on the second substrate
215F.

[0104] Anencapsulating layer 260F is formed between
the first substrate 110F and the second substrate 115F.
The encapsulating layer 260F may protect internal ele-
ments of the transparent organic light emitting display
device 200F such as a thin film transistor and an organic
light emitting element 240F from moisture, air, and a
shock from the outside. The encapsulating layer 260F
may be referred to as an encapsulant, an encapsulating
member, a sealing layer, or a sealing member. Specifi-
cally, the encapsulating layer 260F may be formed be-
tween the organic light emitting element 240F and the
overcoating layer 234F formed in the first substrate 210F
and the transparent resin layer 275E and the color filter
270F formed in the second substrate 215F. As the en-
capsulating layer 260F, a thin film encapsulation may be
used.

[0105] FIG. 3a is a cross-sectional view illustrating a
transparent organic light emitting display device accord-
ing to another embodiment of the inventive concept. Re-
ferring to FIG. 3a, a transparent organic light emitting
display device 300A includes a first substrate 310A, a
buffer layer 331A, a thin film transistor 320A, an over-
coating layer 334A, an organic light emitting element
340A, a color filter 370A, and a second substrate 315A.
The first substrate 310A, the buffer layer 331A, an over-
coating layer 334A, the color filter 370A, and the second
substrate 315A are substantially the same as those of
FIG. 1c, and thus repeated description will be omitted.
Although the thin film transistor 320A and the organic
light emitting element 340A has been conceptually illus-
trated in FIG. 3a, the thin film transistor 320A and the
organic light emitting element 340A are substantially the
same as those of FIG. 1c, and thus repeated description
thereof will be omitted.

[0106] A plurality of insulating layers may be formed
between the transmissive TA of the first substrate 310A
and the second substrate 315A, and the plurality of in-
sulating layers may include at least two among the buffer
layer, the gate insulating layer, the interlayer insulating
layer, the overcoating layer, and a passivation layer. Re-
ferring to FIG. 3a, the plurality of insulating layers include
the buffer layer 331A and the overcoating layer 334A.
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[0107] The bufferlayer 331A and the overcoating layer
334A included in the plurality of insulating layers may
have substantially the same refractive indexes. Specifi-
cally, when the first substrate 310A includes glass, a re-
fractive index of the first substrate 310A is 1.5. When the
buffer layer 331A includes a silicon oxide film, a refractive
index of the buffer layer 331A is 1.45. When the over-
coating layer 334A may be formed of PAC, a refractive
index of the overcoating layer 334A is 1.5. Therefore,
since the refractive indexes of the buffer layer 331A and
the overcoating layer 334A substantially coincide with
the first substrate 310A, distortion such as total reflection
of lightin the interfaces between the first substrate 310A
and the overcoating layer 334A and between the buffer
layer 331A and the overcoating layer 334A may be min-
imized in the transmission area TA of the transparent
organic light emitting display device 300A.

[0108] FIG. 3b is a cross-sectional view illustrating a
transparent organic light emitting display device accord-
ing to another embodiment of the inventive concept. El-
ements illustrated in FIGS. 3a and 3b are substantially
the same when numbers are the same in the reference
numeral other than alphabet, and thus repeated descrip-
tion thereof will be omitted.

[0109] A plurality of insulating layers may be formed
between the transmissive TA of the first substrate 310B
and the second substrate 315B, and the plurality of in-
sulating layers may include at least two among a buffer
layer, a gate insulating layer, an interlayer insulating lay-
er, an overcoating layer, and a passivation layer. Refer-
ring to FIG. 3b, the plurality of insulating layers include
an interlayer insulating layer 333B and the overcoating
layer 334B.

[0110] The interlayer insulating layer 333B and the
overcoating layer 334B included in the plurality of insu-
lating layers may have the refractive indexes which sub-
stantially coincide with the first substrate 310B. Specifi-
cally, when the first substrate 310B includes glass, a re-
fractive index of the first substrate 310B is 1.5. When the
interlayer insulating layer 333B includes a silicon oxide
film, a refractive index of the interlayer insulating layer
333B is 1.45. When the overcoating layer 334A may be
formed of PAC, arefractive index of the overcoating layer
334A is 1.5. Therefore, since the refractive indexes of
the interlayer insulating layer 333B and the overcoating
layer 334 A substantially coincide with that of the first sub-
strate 310B, distortion such as total reflection of light in
the interfaces between the first substrate 310B and the
overcoating layer 334B and between the interlayer insu-
lating layer 333B and the overcoating layer 334B may be
minimized in the transmission area TA of the transparent
organic light emitting display device 300B.

[0111] FIG. 3c is a cross-sectional view illustrating a
transparent organic light emitting display device accord-
ing to another embodiment of the inventive concept. El-
ements illustrated in FIGS. 3a, 3b, and 3c are substan-
tially the same when numbers are the same in the refer-
ence numeral other than alphabet, and thus repeated
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description thereof will be omitted.

[0112] A plurality of insulating layers may be formed
between the transmissive TA of the first substrate 310C
and the second substrate 315C, and the plurality of in-
sulating layers may include at least two among a buffer
layer, a gate insulating layer, an interlayer insulating lay-
er, an overcoating layer, and a passivation layer. Refer-
ring to FIG. 3c, the plurality of insulating layers include,
a buffer layer 331C, an interlayer insulating layer 333C
and an overcoating layer 334C.

[0113] The buffer layer 331C, the interlayer insulating
layer 333C, and the overcoating layer 334C included in
the plurality of insulating layers may have the refractive
indexes which substantially coincide with that of the first
substrate 310C. Specifically, when the first substrate
310C includes glass, a refractive index of the first sub-
strate 310C is 1.5. When the buffer layer 331C includes
a silicon oxide film, a refractive index of the buffer layer
331C is 1.45. When the interlayer insulating layer 333C
includes a silicon oxide film, a refractive index of the in-
terlayer insulating layer 333C is 1.45. When the over-
coating layer 334C may be formed of PAC, a refractive
index of the overcoating layer 334C is 1.5. Therefore,
since the refractive indexes of the buffer layer 331C, the
interlayerinsulating layer 333C and the overcoating layer
334C substantially coincide with that of the first substrate
310C, distortion such as total reflection of light in the in-
terfaces among the first substrate 310C, the buffer layer
331, the interlayer insulating layer 333C, and the over-
coating layer 334C may be minimized in the transmission
area TA of the transparent organic light emitting display
device 300C.

[0114] FIG. 4 is a flowchart illustrating a method for
manufacturing a transparent organic light emitting dis-
play device according to an embodiment of the inventive
concept. FIGS. 5a to 5d are cross-sectional views illus-
trating respective parts of an exemplary embodiment of
transparent organic light emitting display device during
each step of exemplary method for manufacturing the
exemplary transparent light emitting display device.
[0115] First, a supporting substrate including a sub pix-
el region having a first region and a second region is
provided (S40), and a thin film transistor including a first
insulating layer is formed (S41). The preparing of the
supporting substrate and the forming of the thin film tran-
sistor including the first insulating layer will be described
in detail with reference to FIGS. 5a and 5b.

[0116] ReferringtoFIG. 5a, a supporting substrate 510
having a first area EA as an emissive area EA and a
second area TA as a transmissive area TA is provided
as the supporting substrate 510, and a material 538 for
a buffer layer is formed on the first substrate 510. The
material 538 for a buffer layer may be formed both in the
firstarea EA andin the second area TA. After the material
538 for a buffer layer, an active layer 521, a gate insu-
latinglayer 532, and a gate electrode 522 are sequentially
formed in the first area EA, and then a material 539 for
an interlayer insulating layer is formed on the gate elec-
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trode 522.

[0117] ReferringtoFIG.5b, the material 538 for a buffer
layer and the material 539 for an interlayer insulating lay-
er formed in the second area TA are patterned to remove
the material 538 for a buffer layer and the material 539
for an interlayer insulating layer formed in the second
area TA, and to form an insulating layer including a buffer
layer 531 and an interlayer insulating layer 533 formed
in the first area EA. A first insulating layer included in the
thin film transistor may be the buffer layer 531 and the
interlayer insulating layer 533. The removing of the ma-
terial 538 for a buffer layer and the material 539 for an
interlayer insulating layer formed in the second area TA
may include dry etching the material 538 for a buffer layer
and the material 539 for an interlayer insulating layer
formed in the second area TA. The removing of the ma-
terial 538 for a buffer layer and the material 539 for an
interlayer insulating layer formed in the second area TA
may include forming an opening in the material 538 for
a buffer layer and the material 539 for an interlayer insu-
lating layer formed in the second area TA. After the ma-
terial 538 for a buffer layer and the material 539 for an
interlayer insulating layer formed in the second area TA
are removed, a source electrode 523 and a drain elec-
trode 524 electrically connected to an active layer 521
may be formed. The supporting substrate 510, a thin film
transistor, the buffer layer 531, and the interlayer insu-
lating layer 533 are substantially the same as those in
FIG. 1c, and thus repeated description thereof may be
omitted.

[0118] Subsequently, a second insulating layer is
formed on the first area and the second area (S42). The
forming of the second insulating layer will be described
in detail with reference to FIG. 5c¢.

[0119] Referring to FIG. 5c, an overcoating layer 534
as the second insulating layer is formed on an entire sur-
face of the supporting substrate 510 including the source
electrode 523 and the drain electrode 524. The forming
of the overcoating layer 534 may include forming the
overcoating layer 534 on the insulating layer in the first
area EA, and forming the overcoating layer 534 to be in
contact with the supporting substrate 510 in the second
area TA. Herein, the forming of the overcoating layer 534
in the second area TA includes forming the overcoating
layer 534 to fill the opening formed in the material 538
for a buffer layer and the material 539. The overcoating
layer 534 is substantially the same as that illustrated in
FIG. 1c, and thus repeated description thereof may be
omitted.

[0120] Subsequently, an organic light-emitting ele-
ment is formed on the overcoating layer (S43). The form-
ing of the organic light-emitting element will be described
in detail with reference to FIG. 5d.

[0121] Referring to FIG. 5d, the forming of the organic
light emitting element 540 includes forming a contacthole
connecting an anode 541 and the source electrode 523
in the overcoating layer 534, and sequentially forming
the anode 541 including areflection layer 542 and atrans-
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parent conductive layer 543, an organic light emitting lay-
er 544, and a cathode 545 on the overcoating layer 534
of the first area EA. The organic light emitting element
540 is substantially the same as that illustrated in FIG.
1c, and thus repeated description thereof may be omit-
ted.

[0122] Subsequently, a second substrate 515 is
formed to face the first substrate 510, and a color filter
570 is formed on a region of the second substrate 515
corresponding to the first area EA.

[0123] Hereinafter, various characteristics of the trans-
parent organic light emitting display device of the present
invention will be described.

[0124] According to another characteristic of the
present invention, the at least one of the plurality of in-
sulating layers being extended into the transmissive area
is any one of a gate insulating layer, an interlayer insu-
lating layer, a passivation layer, an overcoating layer and
a buffer layer.

[0125] According to still another characteristic of the
present invention, the at least one of the plurality of in-
sulating layers being extended into the transmissive area
has a multilayered structure, and wherein the multilay-
ered structure includes atleast one layer contained within
the emissive area and at least one layer extended into
the transmissive area.

[0126] According to still another characteristic of the
present invention, the at least one insulating layer being
extended into the transmissive area is interposed be-
tween the TFT and the first substrate.

[0127] According to still another characteristic of the
present invention, the TFT disposed on the substrate is
a coplanar TFT with an oxide semiconductor layer, and
wherein a layer of the multilayered structure in contact
with the oxide semiconductor layer is extended into the
transmissive area from the emissive area and does not
include silicon nitride.

[0128] According to still another characteristic of the
present invention, the TFT disposed on the substrate is
aninverted-staggered TFT having an oxide semiconduc-
tor layer disposed on a gate electrode, the multilayered
structure being interposed between the gate electrode
and the oxide semiconductor layer, and wherein a layer
of the multilayered structure in contact with the oxide
semiconductor layer is extended into the transmissive
area and does not include silicon nitride.

[0129] According to still another characteristic of the
present invention, the transparent organic light emitting
display device further comprises a second substrate,
wherein the first substrate, the at least one layer of the
multilayered structure extended into the transmissive ar-
ea and the second substrate all have substantially the
same refractive index with respect to each other.
[0130] According to still another characteristic of the
present invention, the transparent organic light emitting
display device further comprises an encapsulating layer
covering the organic light emitting element, the encap-
sulating layer being disposed on at least part of the emis-
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sive area and at least part of the transmissive area,
wherein the first substrate, the encapsulating layer and
the at least one layer of the multilayered structure ex-
tended into the transmissive area have substantially the
same refractive index.

[0131] According to still another characteristic of the
presentinvention, the organiclight emitting element com-
prises an anode, an organic light emitting layer config-
ured to emit white light, and a cathode, and wherein the
organic light emitting display device further comprises a
color filter for filtering the white light to form colored light.
[0132] Hereinafter, various characteristics of the trans-
parent organic light emitting display device of the present
invention will be described.

[0133] According to another characteristic of the
present invention, at least one of the first, second and
third insulating layers has a refractive index that is sub-
stantially the same as that of the substrate, and is ex-
tended into the transmissive area from the emissive area
of the sub pixel region.

[0134] According to still another characteristic of the
present invention, at least one of the first, second and
third insulating layers is a multilayered structure including
at least one layer that has substantially the same refrac-
tive index as the substrate and at least one layer with a
refractive index differing from the substrate by more than
the predetermined threshold value, and wherein the at
least one layer with the different refractive index from the
substrate is contained within the emissive area of the sub
pixel region.

[0135] According to still another characteristic of the
present invention, the third insulating layer has a refrac-
tive index substantially the same as that of the substrate,
and is extended into the transmissive area from the emis-
sive area of the sub pixel region.

[0136] According to still another characteristic of the
present invention, the third insulating layer is one of an
overcoating layer and a passivation layer.

[0137] According to still another characteristic of the
present invention, a refractive index of the encapsulating
layer differs from that of the substrate and that of the
insulating layer being extended into the transmissive ar-
ea by less than a predetermined value.

[0138] Hereinafter, various characteristics of the meth-
od of manufacturing transparent organic light emitting
display device of the present invention will be described.
[0139] According to another characteristic of the
present invention, the step for forming the buffer layer
comprises forming a first buffer layer in the emissive area
and forming a second buffer layer contacting the active
layer in the emissive area and the transmissive area,
wherein the first buffer layer includes silicon nitride and
the second buffer layer includes silicon oxide.

[0140] According to still another characteristic of the
present invention, the gate insulating layer is formed to
extend into the transmissive area from the emissive area
of each sub pixel, and wherein the gate insulating layer
is formed of a material with substantially the same re-
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fractive index as the substrate.

[0141] According to still another characteristic of the
presentinvention, the interlayer insulating layer is formed
to extend into the transmissive area from the emissive
area of each sub pixel, and wherein the interlayer insu-
lating layer is formed of a material with substantially the
same refractive index as the substrate.

[0142] According to still another characteristic of the
present invention, the method further comprises forming
a color filter on the organic light emitting element, wherein
the organic light emitting element is configured to emit
white light.

[0143] According to still another characteristic of the
present invention, the step of forming the organic light
emitting element comprises forming a reflection layer on
the part of the overcoating layer disposed in the emissive
area, forming a transparent conductive layer on the over-
coating layer, forming an organic light emitting layer on
the transparent conductive layer and forming a cathode
on the organic light emitting layer, wherein the organic
light emitting layer is disposed in the emissive area and
the transmissive area.

[0144] While the present disclosure has been particu-
larly shown and described with respect to preferred em-
bodiments thereof, it will be understood by those skilled
in the art that the foregoing and other changes in forms
and details may be made without departing from the
scope of the present disclosure. It is therefore intended
that the present disclosure not be limited to the exact
forms and details described and illustrated, but fall within
the scope of the appended claims.

Claims

1. A transparent organic light emitting display device
comprising:

a first substrate (110A, 110B, 110C, 110D,
210A, 210C, 210D, 210E, 210F, 310A, 310B,
310C, 510) having a plurality of sub pixel re-
gions, each of the plurality of sub pixel regions
having an emissive area (EA) and a transmis-
sive area (TA) where external light can pass
through;

a thin film transistor (TFT) disposed in the emis-
sive area;

an organic light emitting element (140A, 140C,
140D, 240A, 240F, 340A, 540) disposed in the
emissive area, the organic light emitting element
being electrically connected to the TFT disposed
in the emissive area; and

a plurality of insulating layers (115C, 115D,
131B, 132A, 133A, 134A, 134B, 134C, 134D,
132D, 160C, 160D, 215A, 215C, 215D, 215E,
215F, 231C, 231E, 232F, 233A, 233F, 234C,
234A, 234D, 234E, 234F, 237D, 260A, 260C,
260D, 260E, 260F, 315A, 315B, 315C, 331A,
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331C, 333B, 333C, 334A, 334B, 334C, 360B,
360C, 515, 531, 532, 533, 534, 538, 539, 560)
in the emissive area, wherein at least a part of
at least one of the plurality of insulating layers
is extended into the transmissive area and the
difference of refractive index between the first
substrate and said at least a part, which is ex-
tended into the transmissive area, is equal to or
less than 0.1,

wherein the plurality of insulating layers com-
prise a firstinsulating layer on the first substrate,
a second insulating layer, and a third insulating
layer disposed on the TFT,

the TFT is disposed on the first insulating layer
and has a gate electrode, the second insulating
layer, a source electrode, a drain electrode and
an active layer,

the organic light emitting element is disposed on
the second insulating layer,

an encapsulation layer is disposed on the or-
ganic light emitting element, and

at least one of the first, second and third insu-
lating layers has a refractive index that differs
from a refractive index of the first substrate by
more than 0.1, and is only contained within the
emissive area of the sub pixel region

The transparent organic light emitting display device
of claim 1, wherein said at least one of the plurality
of insulating layers being extended into the trans-
missive area is any one of a gate insulating layer
(132A, 132D, 232A, 232F, 532), an interlayer insu-
lating layer (133A, 233A, 333B, 333C), a passivation
layer, an overcoating layer (134A, 134B, 134C,
134D, 334A, 334B, 334C, 234A) and a buffer layer
(131B,131D,231C, 231D, 231E, 232E, 236D, 237D,
331A, 531).

The transparent organic light emitting display device
of claim 1, wherein said at least one of the plurality
of insulating layers being extended into the trans-
missive area has a multilayered structure, and
wherein the multilayered structure includes at least
one layer only contained within the emissive area
and at least one layer extended into the transmissive
area.

The transparent organic light emitting display device
of claim 3, wherein said at least one insulating layer
being extended into the transmissive area is inter-
posed between the TFT and the first substrate.

The transparent organic light emitting display device
of claim 4, wherein the TFT disposed on the sub-
strate is a coplanar TFT with an oxide semiconductor
layer, and wherein a layer of the multilayered struc-
ture in contact with the oxide semiconductor layer is
extended into the transmissive area from the emis-
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sive area and does not include silicon nitride.

The transparent organic light emitting display device
of claim 3, wherein the TFT disposed on the sub-
strate is an inverted-staggered TFT having an oxide
semiconductor layer disposed on a gate electrode
(122D, 222E), said multilayered structure being in-
terposed between the gate electrode and the oxide
semiconductor layer, and wherein a layer of the mul-
tilayered structure in contact with the oxide semicon-
ductor layer is extended into the transmissive area
and does not include silicon nitride.

The transparent organic light emitting display device
of claim 3, further comprising a second substrate
(115C, 115D, 215A, 215C, 215D, 215E, 215F, 315A,
315B, 315C, 515), wherein the difference of refrac-
tive indices between the first substrate, said at least
one layer of the multilayered structure extended into
the transmissive area and the second substrate is
equal to or less than 0.1.

The transparent organic light emitting display device
of claim 3, further comprising an encapsulating layer
(160C, 160D, 260F) covering the organic light emit-
ting element, said encapsulating layer being dis-
posed on at least part of the emissive area and at
least part of the transmissive area, wherein the dif-
ference of refractive indices between the first sub-
strate, the encapsulating layer and said at least one
layer of the multilayered structure extended into the
transmissive area is equal to or less than 0.1.

The transparent organic light emitting display device
of claim 8, wherein the organic light emitting element
comprises an anode (141A, 141B, 141C, 141D,
241A, 241C, 241D, 241E, 241F, 541), an organic
light emitting layer (144A, 144B, 144C, 144D, 244A,
244C, 244D, 244E, 244F, 544) configured to emit
white light, and a cathode (145A, 145B, 145C, 145D,
245A, 245C, 245D, 245E, 245F, 545), and wherein
the organic light emitting display device further com-
prises a color filter (170C) for filtering the white light
to form colored light.

The transparent organic light emitting display device
of claim 1, wherein at least one of the first, second
and third insulating layers has a refractive index
which differs from that of the first substrate by 0.1 or
less, and is extended into the transmissive area from
the emissive area of the sub pixel region.

The transparent organic light emitting display device
of claim 1, wherein at least one of the first, second
and third insulating layers is a multilayered structure
including atleast one layer that has a refractive index
differing from that of the first substrate by 0.1 or less
and at least one layer with a refractive index differing
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from that of the first substrate by more than 0.1, and
wherein said at least one layer with the different re-
fractive index from the first substrate is only con-
tained within the emissive area of the sub pixel re-
gion.

The transparent organic light emitting display device
of claim 1, wherein the third insulating layer has a
refractive index differing from that of the first sub-
strate by 0.1 or less, and is extended into the trans-
missive area from the emissive area of the sub pixel
region.

The transparent organic light emitting display device
of claim 12, wherein the third insulating layer is one
of an overcoating layer and a passivation layer.

The transparent organic light emitting display device
of claim 10, wherein a refractive index of the encap-
sulating layer differs from that of the first substrate
and that of the insulating layer being extended into
the transmissive area by less than a predetermined
value.

Patentanspriiche

1.

Eine transparente organische lichtemittierende An-
zeige-Vorrichtung, aufweisend:

ein erstes Substrat (110A, 110B, 110C, 110D,
210A, 210C, 210D, 210E, 210F, 310A, 310B,
310C, 510), das eine Vielzahl von Subpixel-Be-
reichen hat, wobei jeder der Vielzahl von Sub-
pixel-Bereichen ein emittierendes Gebiet (EA)
und ein transmittierendes Gebiet (TA), wo ex-
ternes Licht durchgehen kann, hat;

einen Diinnschichttransistor (TFT), der in dem
emittierenden Gebiet angeordnet ist;

ein organisches lichtemittierendes Element
(140A, 140C, 140D, 240A, 240F, 340A, 540),
das in dem emittierenden Gebietangeordnetist,
wobei das organische lichtemittierende Element
elektrisch mit dem TFT, der in dem emittieren-
den Gebiet angeordnet ist, verbunden ist; und
eine Vielzahl von Isolierschichten (115C, 115D,
131B, 132A, 133A, 134A, 134B, 134C, 134D,
132D, 160C, 160D, 215A, 215C, 215D, 215E,
215F, 231C, 231E, 232F, 233A, 233F, 234C,
234A, 234D, 234E, 234F, 237D, 260A, 260C,
260D, 260E, 260F, 315A, 315B, 315C, 331A,
331C, 333B, 333C, 334A, 334B, 334C, 3608B,
360C, 515, 531, 532, 533, 534, 538, 539, 560)
in dem emittierenden Gebiet, wobei mindestens
ein Teil von mindestens einer der Vielzahl von
Isolierschichten in das transmittierende Gebiet
ausgedehnt ist und die Differenz des Bre-
chungsindex zwischen dem ersten Substratund
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besagtem mindestens einen Teil, der in das
transmittierende Gebiet ausgedehnt ist, gleich
oder weniger als 0,1 ist,

wobei die Vielzahl von Isolierschichten eine ers-
te Isolierschicht auf dem ersten Substrat, eine
zweite Isolierschichtund eine dritte aufdem TFT
angeordnete Isolierschicht aufweist,

der TFT aufder ersten Isolierschicht angeordnet
ist und eine Gate-Elektrode, die zweite Isolier-
schicht, eine Source-Elektrode, eine Drain-
Elektrode und eine aktive Schicht hat,

das organische lichtemittierende Element auf
der zweiten Isolierschicht angeordnet ist,

eine Einkapselungsschicht auf dem organi-
schen lichtemittierenden Element angeordnet
ist, und

mindestens eine der ersten, zweiten und dritten
Isolierschicht einen Brechungsindex hat, der
sich von einem Brechungsindex des ersten Sub-
strats um mehr als 0,1 unterscheidet, und

nur innerhalb des emittierenden Gebiets des
Subpixel-Bereichs beinhaltet ist.

Die transparente organische lichtemittierende An-
zeige-Vorrichtung geman Anspruch 1, wobei besag-
te mindestens eine der Vielzahl von Isolierschichten,
die in das transmittierende Gebiet ausgedehnt ist,
eine von einer Gate-Isolierschicht (132A, 132D,
232A, 232F, 532), einer Zwischenschicht-Isolier-
schicht (133A, 233A, 333B, 333C), einer Passivie-
rungsschicht, einer Uberzugsschicht (134A, 134B,
134C, 134D, 334A, 334B, 334C, 234A) und einer
Pufferschicht (131B, 131D, 231C, 231D, 231E,
232E, 236D, 237D, 331A, 531) ist.

Die transparente organische lichtemittierende An-
zeige-Vorrichtung geman Anspruch 1, wobei besag-
te mindestens eine der Vielzahl von Isolierschichten,
die in das transmittierende Gebiet ausgedehnt ist,
eine mehrschichtige Struktur hat, und wobei die
mehrschichtige Struktur mindestens eine Schicht,
die nur innerhalb des emittierenden Gebiets bein-
haltet ist, und mindestens eine Schicht, die in das
transmittierende Gebiet ausgedehnt ist, enthalt.

Die transparente organische lichtemittierende An-
zeige-Vorrichtung geman Anspruch 3, wobei besag-
te mindestens eine Isolierschicht, die in das trans-
mittierende Gebiet ausgedehnt ist, zwischen dem
TFT und dem ersten Substrat eingefligt ist.

Die transparente organische lichtemittierende An-
zeige-Vorrichtung gemal Anspruch 4, wobei der
TFT, der auf dem Substrat angeordnet ist, ein Ko-
planar-TFT mit einer Oxid-Halbleiterschicht ist, und
wobei eine Schicht der mehrschichtigen Struktur, die
in Kontakt mit der Oxid-Halbleiterschichtist, von dem
emittierenden Gebiet in das transmittierende Gebiet
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ausgedehnt ist und nicht Silizium-Nitrid enthalt.

Die transparente organische lichtemittierende An-
zeige-Vorrichtung gemafl Anspruch 3, wobei der
TFT, der auf dem Substrat angeordnet ist, ein um-
gekehrt gestaffelter TFT ist, der eine Oxid-Halblei-
terschicht hat, die auf einer Gate-Elektrode (112D,
222E) angeordnet ist, wobei besagte mehrschichti-
ge Struktur zwischen der Gate-Elektrode und der
Oxid-Halbleiterschicht eingefligt ist, und wobei eine
Schicht der mehrschichtigen Struktur, die in Kontakt
mit der Oxid-Halbleiterschicht ist, in das transmittie-
rende Gebietausgedehntist und nicht Silizium-Nitrid
enthalt.

Die transparente organische lichtemittierende An-
zeige-Vorrichtung gemafR Anspruch 3, ferner ein
zweites Substrat (115C, 115D, 215A, 215C, 215D,
215E, 215F, 315A, 315B, 315C, 515) aufweisend,
wobei die Differenz der Brechungsindizes zwischen
dem ersten Substrat, besagter mindestens einen
Schicht der mehrschichtigen Struktur, die in das
transmittierende Gebiet ausgedehnt ist, und dem
zweiten Substrat gleich oder weniger als 0,1 ist.

Die transparente organische lichtemittierende An-
zeige-Vorrichtung gemafl Anspruch 3, ferner eine
Einkapselungsschicht (160C, 160D, 260F) aufwei-
send, die das organische lichtemittierende Element
bedeckt, wobei besagte Einkapselungsschicht auf
mindestens einem Teil des emittierenden Gebiets
und mindestens einem Teil des transmittierenden
Gebiets angeordnet ist, wobei die Differenz der Bre-
chungsindizes zwischen dem ersten Substrat, der
Einkapselungsschicht und besagter mindestens ei-
nen Schicht der mehrschichtigen Struktur, die in das
transmittierende Gebiet ausgedehnt ist, gleich oder
weniger als 0,1 ist.

Die transparente organische lichtemittierende An-
zeige-Vorrichtung gemaR Anspruch 8, wobei das or-
ganische lichtemittierende Element eine Anode
(141A,141B, 141C, 141D, 241A, 241C, 241D, 241E,
241F, 541), eine organische lichtemittierende
Schicht (144A, 144B, 144C, 144D, 244A, 244C,
244D, 244E, 244F, 544), die konfiguriert ist, weiles
Licht zu emittieren, und eine Kathode (145A, 145B,
145C, 145D, 245A, 245C, 245D, 245E, 245F, 545)
aufweist und wobei die organische lichtemittierende
Anzeige-Vorrichtung ferner einen Farbfilter (170C)
zum Filtern des weilen Lichts zum Bilden farbigen
Lichts aufweist.

Die transparente organische lichtemittierende An-
zeige-Vorrichtung gemafR Anspruch 1, wobei min-
destens eine der ersten, zweiten und dritten Isolier-
schicht einen Brechungsindex hat, der sich von dem
des ersten Substrats um 0,1 oder weniger unter-
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scheidet, und von dem emittierenden Gebiet des
Subpixel-Bereichs in das transmittierende Gebiet
ausgedehnt ist.

Die transparente organische lichtemittierende An-
zeige-Vorrichtung gemaR Anspruch 1, wobei min-
destens eine der ersten, zweiten und dritten Isolier-
schicht eine mehrschichtige Struktur ist, die mindes-
tens eine Schicht, die einen Brechungsindex hat, der
sich von dem des ersten Substrats um 0,1 oder we-
niger unterscheidet, und mindestens eine Schicht
mit einem Brechungsindex, der sich von dem des
ersten Substrats um mehrals 0,1 unterscheidet, ent-
halt, und wobei besagte mindestens eine Schicht mit
dem sich von dem ersten Substrat unterscheiden-
den Brechungsindex nur innerhalb des emittieren-
den Gebiets des Subpixel-Bereichs beinhaltet ist.

Die transparente organische lichtemittierende An-
zeige-Vorrichtung gemaf Anspruch 1, wobei die drit-
te Isolierschicht einen Brechungsindex hat, der sich
von dem des ersten Substrats um 0,1 oder weniger
unterscheidet, und von dem emittierenden Gebiet
des Subpixel-Bereichs in das transmittierende Ge-
biet ausgedehnt ist.

Die transparente organische lichtemittierende An-
zeige-Vorrichtung gemaR Anspruch 12, wobei die
dritte Isolierschicht eine von einer Uberzugsschicht
und einer Passivierungsschicht ist.

Die transparente organische lichtemittierende An-
zeige-Vorrichtung gemafl Anspruch 10, wobei sich
ein Brechungsindex der Einkapselungsschicht von
dem des ersten Substrats und dem der Isolier-
schicht, die in das transmittierende Gebiet ausge-
dehnt ist, um weniger als einen vorgegebenen Wert
unterscheidet.

Revendications

1.

Dispositif d’affichage électroluminescent organique
et transparent comprenant :

un premier substrat (110A, 110B, 110C, 110D,
210A, 210C, 210D, 210E, 210F, 310A, 310B,
310C, 510) ayant une pluralité de zones de
sous-pixels, chacune de la pluralité de zones de
sous-pixels ayantune zone émissive (EA) etune
zone transmissive (TA) par laquelle une lumiére
externe peut passer ;

un transistor a couches minces (TFT) disposé
dans la zone émissive ;

un élément électroluminescent organique
(140A,140C, 140D, 240A, 240F, 340A, 540) dis-
posé dans la zone émissive, I'élément électro-
luminescent organique étant électriquement re-
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lié au TFT disposé dans la zone émissive ; et
une pluralité de couches isolantes (115C, 115D,
131B, 132A, 133A, 134A, 134B, 134C, 134D,
132D, 160C, 160D, 215A, 215C, 215D, 215E,
215F, 231C, 231E, 232F, 233A, 233F, 234C,
234A, 234D, 234E, 234F, 237D, 260A, 260C,
260D, 260E, 260F, 315A, 315B, 315C, 331A,
331C, 333B, 333C, 334A, 334B, 334C, 3608B,
360C, 515, 531, 532, 533, 534, 538, 539, 560)
dans la zone émissive, au moins une partie d’au
moins une coucheisolante de la pluralité de cou-
ches isolantes s’étendant dans la zone trans-
missive, et la différence d’indice de réfraction
entre le premier substrat et ladite au moins une
partie, qui s’étend dans la zone transmissive,
étant égale ou inférieure a 0,1,

dans lequel la pluralité de couches isolantes
comprend une premiére couche isolante sur le
premier substrat, une seconde couche isolante
et une troisiéme couche isolante disposées sur
le TFT,

le TFT est disposé sur la premiére couche iso-
lante et posséde une électrode de grille, la se-
conde couche isolante, une électrode source,
une électrode de drain, et une couche active,
I’élément électroluminescent organique est dis-
posé sur la seconde couche isolante,

une couche d’encapsulation est disposée sur
I’élément électroluminescent organique, et

au moins I'une parmi les premiére, deuxiéme et
troisiéme couches isolantes présente un indice
de réfraction qui differe d’un indice de réfraction
du premier substrat de plus de 0,1, et est con-
tenue uniquement dans la zone émissive de la
zone de sous-pixels.

Dispositif d’affichage électroluminescent organique
et transparent selon la revendication 1, dans lequel
ladite au moins une couche isolante de la pluralité
de couches isolantes qui s’étend dans la zone trans-
missive est 'une quelconque parmi une couche iso-
lante de grille (132A, 132D, 232A, 232F, 532), une
couche isolante intercouches (133A, 233A, 333B,
333C), une couche de passivation, une couche de
revétement (134A, 134B, 134C, 134D, 334A, 334B,
334C, 234A) et une couche tampon (131B, 131D,
231C, 231D, 231E, 232E, 236D, 237D, 331A, 531).

Dispositif d’affichage électroluminescent organique
et transparent selon la revendication 1, dans lequel
ladite au moins une couche isolante de la pluralité
de couches isolantes qui s’étend dans la zone trans-
missive présente une structure multicouches, et
dans lequel la structure multicouches comprend au
moins une couche contenue uniquement dans la zo-
ne émissive etau moins une couche quis’étend dans
la zone transmissive.
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Dispositif d’affichage électroluminescent organique
et transparent selon la revendication 3, dans lequel
ladite au moins une couche isolante quis’étend dans
la zone transmissive est interposée entre le TFT et
le premier substrat.

Dispositif d’affichage électroluminescent organique
et transparent selon la revendication 4, dans lequel
le TFT disposé sur le substrat est un TFT coplanaire
avec une couche de semi-conducteur en oxyde, et
dans lequel une couche de la structure multicouches
en contact avec la couche de semi-conducteur en
oxyde s’étend dans la zone transmissive depuis la
zone émissive et ne comporte pas de nitrure de si-
licium.

Dispositif d’affichage électroluminescent organique
et transparent selon la revendication 3, dans lequel
le TFT disposé sur le substrat est un TFT décalé et
inversé qui posséde une couche de semi-conduc-
teur en oxyde disposée sur une électrode de grille
(122D, 222E), ladite structure multicouches étant in-
terposée entre I'électrode de grille et la couche de
semi-conducteur en oxyde, et dans lequel une cou-
che de la structure multicouches en contact avec la
couche de semi-conducteur en oxyde s’étend dans
la zone transmissive et ne comporte pas de nitrure
de silicium.

Dispositif d’affichage électroluminescent organique
et transparent selon la revendication 3, comprenant
en outre un second substrat (115C, 115D, 215A,
215C, 215D, 215E, 215F, 315A, 315B, 315C, 515),
dans lequel la différence d’indices de réfraction entre
le premier substrat, ladite au moins une couche de
la structure multicouches qui s’étend dans la zone
transmissive et le second substrat est égale ou in-
férieure a 0,1.

Dispositif d’affichage électroluminescent organique
et transparent selon la revendication 3, comprenant
en outre une couche d’encapsulation (160C, 160D,
260F) qui recouvre I'élément électroluminescent or-
ganique, ladite couche d’encapsulation étant dispo-
sée sur au moins une partie de la zone émissive et
au moins une partie de la zone transmissive, dans
lequel la différence d’indices de réfraction entre le
premier substrat, la couche d’encapsulation et ladite
au moins une couche de la structure multicouches
qui s’étend dans la zone transmissive est égale ou
inférieure a 0,1.

Dispositif d’affichage électroluminescent organique
et transparent selon la revendication 8, dans lequel
I'élément électroluminescent organique comprend
une anode (141A, 141B, 141C, 141D, 241A, 241C,
241D, 241E, 241F, 541), une couche électrolumi-
nescente organique (144A, 144B, 144C, 144D,
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244A, 244C, 244D, 244E, 244F, 544) configurée
pour émettre une lumiére blanche, et une cathode
(145A, 145B,145C, 145D, 245A, 245C, 245D, 245E,
245F, 545), et dans lequel le dispositif d’affichage
électroluminescent organique comprend en outre un
filtre couleur (170C) destiné a filtrer la lumiere blan-
che afin de former une lumiére colorée.

Dispositif d’affichage électroluminescent organique
et transparent selon la revendication 1, dans lequel
au moins l'une parmi les premiére, deuxiéme et troi-
siéme couches isolantes présente un indice de ré-
fraction qui differe de celui du premier substrat de
0,1 ou moins, et s’étend dans la zone transmissive
depuis la zone émissive de la zone de sous-pixels.

Dispositif d’affichage électroluminescent organique
et transparent selon la revendication 1, dans lequel
au moins l'une parmi les premiére, deuxiéme et troi-
siéme couches isolantes est une structure multicou-
ches qui inclut au moins une couche qui présente
un indice de réfraction qui différe de celui du premier
substrat de 0,1 ou moins et au moins une couche
qui présente un indice de réfraction qui differe de
celui du premier substrat de plus de 0,1,

et dans lequel ladite au moins une couche avec l'in-
dice de réfraction différent de celui du premier subs-
trat est contenue uniquement dans la zone émissive
de la zone de sous-pixels.

Dispositif d’affichage électroluminescent organique
et transparent selon la revendication 1, dans lequel
la troisiéme couche isolante présente un indice de
réfraction qui différe de celui du premier substrat de
0,1 ou moins, et s’étend dans la zone transmissive
depuis la zone émissive de la zone de sous-pixels.

Dispositif d’affichage électroluminescent organique
et transparent selon la revendication 12, dans lequel
la troisiéme couche isolante est’'une parmi une cou-
che de revétement et une couche de passivation.

Dispositif d’affichage électroluminescent organique
et transparent selon la revendication 10, dans lequel
un indice de réfraction de la couche d’encapsulation
différe de celui du premier substrat et de celui de la
couche isolante qui s’étend dans la zone transmis-
sive de moins d’une valeur prédéterminée.



EP 2 939 290 B1

[Fig. 1a]
100A
TA N
/|
|
|
[Fig. 1b]
1008
TA N
/|
L
= W.
131B—-+ . -
I / |/ \ \ \l |
1328 1238 121B 1228 124B 135B
[Fig. 1c]

|
1
: |
"’=" S| ‘
131C—= - \ |
| //'/ |/ \\ \\ ‘l ~110C
132C 123C 1216 122C 124G 135C

22



EP 2 939 290 B1

[Fig. 1d]

EA TA

| 115D

170D—f17// e

I
232A 223A 221A 222A 224A 235A

23



[Fig. 2b]

EP 2 939 290 B1

[Fig. 2¢]

EA

TA

f [ \ \
232G 223C 221C 222C 224C

24



EP 2 939 290 B1

[Fig. 2d]

EA TA

VT0D—L7 2T

245D—% ~260D
243D 1
241 D<242D {

SNz \\\\‘

237D—~£ -
R i w w—
232D 223D 221D 222D 224D 235D
[Fig. 2e]
200E
EA TA

|
232E 223E 222E 221E 224E 235E

[Fig. 2f]

200F

EA L TA e
| ~—215F
270F -/'b/ ST —275F
‘i’\-ZBOF

/

1

l.

|
| T~210F

232F 223F 221F 222F 224F 235F
220F

25



EP 2 939 290 B1

[Fig. 3a]

EA TA

26



EP 2 939 290 B1

[Fig. 4]
$40

PREPARE SUPPORTING SUBSTRATE

! S41

FORMING TFT INCLUDING FIRST
INSULATING LAYER

Y 542

FORMING SEGOND INSULATING
LAYER

v 543

FORMING ORGANIC LIGHT
EMITTING ELEMENT

[Fig. 5a]
EA TA

538—%&

~510

[Fig. 5b]
EA TA

531—=

TA

Il | |
532 523 521 522 324 535

27



EP 2 939 290 B1

[Fig. 5d]
500

/1 | \ \
532 523 521 522 524 535

28



EP 2 939 290 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* US 2005062057 A1 [0004]  US 2011169720 A1[0005]
* US 2012049206 A1 [0004]  US 2011148944 A1[0006]

29



patsnap

EFEBHOR) ERENEAKXERERE
DFH(RE)S EP2939290B1 N (E)B 2019-04-03
HiES EP2013869654 &R 2013-12-24
FRIERE(EFR)A(E) FEERERAT
BRiE (TR A(F) LG DISPLAY CO. , LTD.
L BFH(EANN)AGE) LG DISPLAY CO. , LTD.
[FRIRBAA KIM YONG CHUL
IM JONG HYEOK
KBAA KIM, YONG CHUL
IM, JONG HYEOK
IPCH3%EE HO1L27/32
CPCH%5 H01L27/322 H01L27/3246 H01L27/3258 HO1L27/326 H01L2251/5323 G02B5/20
R 1020120155590 2012-12-27 KR
H A0 FF 3R EP2939290A4
EP2939290A1
H\EREERE Espacenet
RBEGX) e 1008
RUSHENAKD RABNMEERANAK D FREN S, B ol

BNEAXEREBEREZNFAERE , SN FREREBERRAXE
MEHFXE , REERAXESFNEREAE , URBEZIERREE
ENAIEETH, HRARBEANAEERRE LETEGR | #E5
XEAFABABLEREKE , £ETUSERNEGENIEERE
BEHE R,

134A—
133A-
110A—L

[Fig. 1b]

1324 123A 121A 122A 124A

1008

TA

1458—
1 405é1 44B-—
1438

1418<14387
134B—4

[Fig. lc]

170G

145 —4
140 ¢ 1446

132871238 1218 1228 1248

EA

100G
TA

143G —

1416<135¢ 1

134GC—

133G —f
131C—

~~110C



https://share-analytics.zhihuiya.com/view/02376c64-4b1e-4718-99de-dd79974cb3fd
https://worldwide.espacenet.com/patent/search/family/051016115/publication/EP2939290B1?q=EP2939290B1

