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ORGANIC LIGHT EMITTING DISPLAY
APPARATUS

[0001] This application claims priority to Korean Patent
Application No. 10-2014-0002086, filed on Jan. 7, 2014, and
all the benefits accruing therefrom under 35 U.S.C. §119, the
disclosure of which is incorporated herein in its entirety by
reference.

BACKGROUND

[0002] 1.Field

[0003] One or more embodiment of the invention relates to
an organic light emitting display apparatus.

[0004] 2. Description of the Related Art

[0005]  An organic light emitting display apparatus includes
an organic light emitting device including an organic light
emission layer disposed between hole and electron injection
electrodes, and is a self light emitting type display device in
which excitons created when holes injected from the hole
injection electrode and electrons injected from the electron
electrode are combined in the organic light emission layer
decay from excited states to a ground state and generate light.
[0006] As aselflight emitting type display device, since not
needing a separate light source, the organic light emitting
display apparatus may be driven in a relatively low voltage
and configured to be relatively light in weight and thin in
overall thickness. In addition, since the organic light emitting
display apparatus has excellent characteristics in such as a
viewing angle, contrast and a response speed, an application
area thereof is being enlarged from a personal mobile device
such as an MP3 player or a mobile phone, to a television
(“TV”) set.

SUMMARY

[0007] One or more embodiment of the invention includes
an organic light emitting display apparatus.

[0008] Additional features will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may belearned by practice ofthe presented
embodiments.

[0009] According to one or more embodiment of the inven-
tion, an organic light emitting display apparatus includes: a
substrate divided into a first light emission region, and a
transmission region adjacent to the first light emission region
and through which an external light is transmitted; an organic
light emitting device on the substrate and in the first light
emission region, and including a pixel electrode, an interme-
diate layer on the pixel electrode and including an organic
light emission layer, and an opposite electrode on the inter-
mediate layer; and a light scattering layer on the substrate and
in the transmission region, and configured to scatter a light
incident thereto from the intermediate layer.

[0010] The organic light emitting display apparatus may
further includes a pixel defining layer in the transmission
region and extended from an end portion of the pixel elec-
trode, and configured to transmit a light incident thereto.
[0011] A transmission window may be defined in the trans-
mission region, and the opposite electrode and the pixel defin-
ing layer are not disposed in the transmission window.
[0012] The light scattering layer may be disposed in the
transmission window.

[0013] The light scattering layer may include scattering
particles having a size of about 1 micrometer (um) or smaller.
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[0014] A width of the light scattering layer may be greater
than a height thereof.

[0015] The light scattering layer may scatter light incident
to a side surface thereof and may transmit a light incident to
a top or bottom surface thereof.

[0016] The light scattering layer may include two layers
having different refractive indexes.

[0017] Thelight scattering layer may include bumps on the
top or bottom surface thereof.

[0018] Thelight scattering layer may include bumps on the
top and bottom surfaces thereof, and periods of the bumps on
the top and bottom surfaces thereof are different from each
other.

[0019] The period of the bumps may be about 1 pm or
smaller.
[0020] The pixel electrode may be a reflective electrode,

and the opposite electrode may be a transparent or translucent
electrode.

[0021] The organic light emitting display apparatus may
further include a second light emission region adjacent to the
first light emission region and a third light emission region
adjacent to the second light emission region. The first to third
light emission regions emit different color lights, and the
transmission window may be adjacent to a same side of the
first, second and third light emission regions.

[0022] The organic light emitting display apparatus may
further include a reflective member at a side of the transmis-
sion window which is not adjacent to the first to third light
emission regions.

[0023] The pixel electrode and the opposite electrode may
be reflective electrodes.

[0024] The organic light emitting display apparatus may
further include second, third and fourth light emission regions
separated from the first light emission region, and the trans-
mission window may include four sides respectively adjacent
to the first to fourth light emission regions.

[0025] The transmission window may have a square shape.
[0026] The first and second light emission regions may
respectively emit red and green lights, and the third and fourth
light emission regions may emit blue lights having the same
wavelength.

[0027] The first and second light emission regions may
respectively emit red and green lights, and the third and fourth
light emission regions may emit blue lights having different
wavelengths.

[0028] The organic light emitting display apparatus may
further include a pixel circuit unit electrically connected to
and driving the organic light emitting device, and overlapped
with the first light emission region, in a plan view.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] These and/or other features will become apparent
and more readily appreciated from the following description
of the embodiments, taken in conjunction with the accompa-
nying drawings in which:

[0030] FIG. 1 is a plan view schematically illustrating an
embodiment of an organic light emitting display apparatus
according to the invention;

[0031] FIG. 2 is a cross-sectional view taken along line
1I-IT' of FIG. 1;
[0032] FIG. 3is a cross-sectional view schematically illus-

trating another embodiment of an organic light emitting dis-
play apparatus according to the invention;
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[0033] FIG. 4 is a cross-sectional view schematically illus-
trating still another embodiment of an organic light emitting
display apparatus according to the invention;

[0034] FIG. 5is a top plan view schematically illustrating
yet another embodiment of an organic light emitting display
apparatus according to the invention;

[0035] FIG. 6 is a cross-sectional view taken along line
VI-VT of FIG. 5;

[0036] FIG. 7 is a conceptual view illustrating a light
extracting principle of the organic light emitting display
apparatus of FIG. 5;

[0037] FIG. 8is a top plan view schematically illustrating
yet another embodiment of an organic light emitting display
apparatus according to the invention; and

[0038] FIG. 9 is a cross-sectional view taken along line
IX-IX' of FIG. 8.

DETAILED DESCRIPTION

[0039] Reference will now be made in detail to embodi-
ments, examples of which are illustrated in the accompanying
drawings, wherein like reference numerals refer to like ele-
ments throughout. In this regard, the embodiments may have
different forms and should not be construed as being limited
to the descriptions set forth herein. Accordingly, the embodi-
ments are merely described below, by referring to the figures,
to explain features of the invention.

[0040] As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed items.
Expressions such as “at least one of,” when preceding a list of
elements, modify the entire listof elements and do not modify
the individual elements of the list.

[0041] Hereinafter, the embodiments of the invention will
now be described in detail with reference to the accompany-
ing drawings, in which like numbers refer to like elements
throughout, and a repetitive explanation will be omitted.
[0042] It will be understood that although the terms “first,”
“second,” etc. may be used herein to describe various com-
ponents, these components should not be limited by these
terms. These components are only used to distinguish one
component from another.

[0043] Spatially relative terms, such as “below,” “above,”
and the like, may be used herein for ease of description to
describe the relationship of one element or feature to another
element(s) or feature(s) as illustrated in the figures. It will be
understood that the spatially relative terms are intended to
encompass different orientations of the device in use or
operation, in addition to the orientation depicted in the fig-
ures. For example, if the device in the figures is turned over,
elements described as “below” relative to other elements or
features would then be oriented “above” relative to the other
elements or features. Thus, the exemplary term “below” can
encompass both an orientation of above and below. The
device may be otherwise oriented (rotated 90 degrees or at
other orientations) and the spatially relative descriptors used
herein interpreted accordingly.

[0044] As used herein, the singular forms “a,” “an” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise.

[0045] It will be further understood that the terms “com-
prises” and/or “comprising” used herein specify the presence
of stated features or components, but do not preclude the
presence or addition of one or more other features or compo-
nents.

2 <
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[0046] Tt will be understood that when a layer, region, or
component is referred to as being “on,” another layer, region,
or component, it can be directly or indirectly on the other
layer, region, or component. That is, for example, intervening
layers, regions, or components may be present.

[0047] Sizes of elements in the drawings may be exagger-
ated for convenience of explanation. In other words, since
sizes and thicknesses of components in the drawings are
arbitrarily illustrated for convenience of explanation, the fol-
lowing embodiments are not limited thereto.

[0048] Embodiments of the invention are described herein
with reference to cross-section illustrations that are schematic
illustrations of idealized embodiments (and intermediate
structures) of the invention. As such, variations from the
shapes of the illustrations as a result, for example, of manu-
facturing techniques and/or tolerances, are to be expected.
Thus, embodiments of the invention should not be construed
as limited to the particular shapes of regions illustrated herein
butare to include deviations in shapes that result, for example,
from manufacturing.

[0049] “About” or “approximately” as used herein is inclu-
sive of the stated value and means within an acceptable range
of deviation for the particular value as determined by one of
ordinary skill in the art, considering the measurement in
question and the error associated with measurement of the
particular quantity (i.e., the limitations of the measurement
system). For example, “about” can mean within one or more
standard deviations, or within +30%, 20%, 10%, 5% of the
stated value.

[0050] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mearning
as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0051] Hereinafter, the invention will be described in detail
with reference to the accompanying drawings.

[0052] FIG. 1 is a plan view schematically illustrating an
embodiment of an organic light emitting display apparatus
according to the invention, and FIG. 2 is a cross-sectional
view taken along line II-II' of FIG. 1.

[0053] Referring to FIGS. 1 and 2, the organic light emit-
ting display apparatus 100 includes a substrate 110 divided
into a first light emission region P1, and a transmission region
TA disposed adjacent to the first light emission region P1 and
allowing an external light to be transmitted therethrough. An
organic light emitting device (“OLED”) including a pixel
electrode 131, an intermediate layer 132 including an organic
light emission layer, and an opposite electrode 133 is dis-
posed in the first light emission region P1 defined on the
substrate 110. A light scattering layer 150 configured to scat-
ter a light incident from the intermediate layer 132 is disposed
in the transmission region TA.

[0054] A pixel defining layer 140 that is extended from an
end portion of the pixel electrode 131 is disposed in the
transmission region TA. A transmission window TW may be
defined in the transmission region TA and in which the oppo-
site electrode 133 and the pixel defining layer 140 are not
disposed. The transmission window W portion of the trans-
mission region TA may have a higher transmittance than that
of a remaining portion of the transmission region TA.



US 2015/0194634 Al

[0055] The substrate 110 may further include first and sec-
ond light emission regions P2 and P3 defined thereon. The
second light emission region P2 may be disposed on a region
adjacent to the first light emission region P1, and the third
light emission region P3 may be disposed on a region adjacent
to the second light emission region P2. The transmission
window TW may be disposed to be extended to a region
adjacent to the second and third light emission regions P2 and
P3 from a region adjacent to the first light emission region P1.
[0056] The first to third light emission regions P1 to P3
respectively may emit different color lights.

[0057] The pixel electrode 131 may include a reflective
layer. In an embodiment, for example, the reflective layer may
include at least one selected from silver (Ag), magnesium
(Mg), aluminum (Al), platinum (Pt), palladium (Pd), gold
(Au), nickel (Ni), neodymium (Nd), iridium (Ir) and chro-
mium (Cr). On the reflective layer of the pixel electrode 131,
a transparent or translucent electrode layer may be further
disposed. The transparent or translucent electrode layer may
include at least one selected from indium tin oxide (“ITO”),
indium zinc oxide (“120”), zinc oxide (“Zn0”), indium oxide
(“In,O5”), indium gallium oxide (“I1GO”) and aluminum zinc
oxide (“AZO”).

[0058] In an embodiment, for example, the pixel electrode
131 may include three layers such as ITO/Ag/ITO, and a
reflectivity thereof may be increased by the silver layer hav-
ing a cross-sectional thickness of about 1000 angstroms (A)
or greater.

[0059] Theintermediate layer 132 includes an organic light
emission layer, and may further include at least one of a hole
injection layer (“HIL”), a hole transport layer (“HTL”), an
electron transport layer (“ETL”) and an electron injection
layer (“EIL”). However, the invention is not limited thereto.
The intermediate layer 132 may include an organic light
emission layer and further include other various functional
layers.

[0060] The intermediate layers 132 included in the first,
second and third light emission regions P1, P2 and P3 may
respectively emit red, green and blue lights. In another
embodiment, for example, the intermediate layers 132
included in the first, second and third light emission regions
P1, P2 and P3 may all emit white lights. When the light
emission regions P1, P2 and P3 all emit the white lights, the
organic light emitting display apparatus 100 may further
include a color converting layer and/or a color filter (not
shown) converting a white light into a predetermined color
light.

[0061] The intermediate layer 132 emitting a white light
may have various structures, for example, a structure in which
light emitting materials respectively emitting at least a red
light, a green light and a blue light are stacked in a multi-layer
structure.

[0062] As another example for emitting a white light, the
intermediate layer 132 may include a structure in which light
emitting materials emitting at least red, green and blue lights
are mixed.

[0063] The blue, green and red lights are just an example,
and the invention is not limited thereto. That is, when a white
light is emitted, a combination of various colors other than the
combination of the red, green and blue colors may be used.
[0064] The opposite electrode 133 may include a transpar-
ent or translucent electrode, include one or more materials
selected from among silver (Ag), aluminum (Al), magnesium
(Mg), lithium (L1), calcium (Ca), copper (Cu), LiF/Ca, LiF/
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Al, MgAg, and CaAg. The opposite electrode 133 may have
athin film shape having a cross-sectional thickness of several
nanometers (nm) to tens of nm.

[0065] A part of the light emitted from the organic light
emission layer included in the intermediate layer 132 is emit-
ted in a direction of the opposite electrode 133 directly, or by
being reflected by the pixel electrode 131 as indicated by the
upward pointing arrow in FIG. 2. Another part of the emitted
light, such as a remaining portion thereof, may propagate ina
side direction of the intermediate layer 132 as indicated by the
rightward pointing arrow in FIG. 2.

[0066] The light propagating in the side direction of the
intermediate layer 132 may pass through the pixel defining
layer 140, which includes a light transmission material, and
be incident to the light scattering layer 150.

[0067] The light scattering layer 150 may include light
scattering particles 152 having a size of about 1 micrometer
(um) or smaller, which are dispersed in a transparent medium
151.

[0068] The scattering particles 152 may have approxi-
mately the same size as a wavelength of an incident light so
that Mie scattering occurs for the incident light. The concen-
tration of the scattering particles 152 is relatively very low
and a width of the light scattering layer 150 in the top plan
view may be greater than a height ‘h’ of the light scattering
layer 150.

[0069] Accordingly, a light incident to the light scattering
layer 150 from the outside of the organic light emitting dis-
play apparatus 100 may be minimally scattered and pass
through the light scattering layer 150 to be transmitted in a
direction opposite that that of the incident direction. External
light incident from above or below the organic light emitting
display apparatus 100 may be minimally scattered and pass
through the light scattering layer 150 to be transmitted in a
direction opposite that that of the incident direction, as illus-
trated by the thin black line upward and downward pointing
arrows in FIG. 2.

[0070] However, light incident from the side surface of the
light scattering layer 150 is scattered by the scattering par-
ticles 152, while propagating over a relatively long distance
along a width direction of the light scattering layer 150, and
propagates in directions toward a top surface and/or a bottom
surface of the light scattering layer 150 to be emitted exter-
nally as indicated by the upward and downward pointing
arrows above and below the light scattering layer 150 in FIG.
2.

[0071] The pixel defining layer 140 may include a material
having a reflectivity between that of the organic light emis-
sion layer included in the intermediate layer 132 and that of
the transparent medium 151 included in the light scattering
layer 150 in order to efficiently deliver the light emitted from
the intermediate layer 132 to the light scattering layer 150. In
addition, although not shown in the drawing, the pixel defin-
ing layer 140 may include a light waveguide having various
shapes for delivering the light emitted from the intermediate
layer 132 to the light scattering layer 150.

[0072] Due to the above-described configuration, an image
may be realized in the transmission region TA as well as the
light emission regions P1, P2 and P3 by releasing the light
emitted in the side direction of the intermediate layer 132
while maintaining transparency of the organic light emitting
display apparatus 100.

[0073] That is, light extraction efficiency of the organic
light emitting display apparatus 100 can be improved by
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using the side surface light which is not emitted externally
and is typically lost, and contrast of an image with respect to
a background image, namely, an external light transmitted
through the organic light emitting display device 100 can be
increased by realizing the image even in the transmission
region TA.

[0074] Dual emission can be realized without increase of
pixels, since light is released in both sides of the organic light
emitting display apparatus 100 by the light scattering layer
150 which is disposed on the transmission region TA.
[0075] Sincealight incident to the light scattering layer 150
is scattered and emitted externally in various angles, a color
shift phenomenon in which a wavelength of the emitted light
becomes different according to the viewing angle, can be
reduced.

[0076] The organic light emitting display apparatus 100 of
the invention, may further include pixel circuit units PCI1,
PC2 and PC3 electrically connected to the organic light emit-
ting device OLED and driving the organic light emitting
device OLED. The pixel circuit units PC1, PC2 and PC3 may
be disposed on an overlapped region with the light emission
regions P1, P2 and P3 in the top plan view.

[0077] The pixel circuit units PC1, PC2 and PC3 may
include a thin film transistor (“TFT”).

[0078] The pixel circuit units PC1, PC2 and PC3 are dis-
posed on the region overlapped with the light emission
regions P1,P2 and P3, respectively, such that a separate space
in which the pixel circuit units PC1, PC2 and PC3 are dis-
posed is obviated, and high resolution can be easily realized.
Inaddition, since the pixel circuitunits PC1, PC2 and PC3 are
not disposed on a region corresponding to the transmission
region TA, transparency of the organic light emitting display
apparatus 100 can be increased.

[0079] Referring to FIG. 2, a first insulating layer 121 may
be disposed on the substrate 110. The substrate 110 may
include a glass or a plastic. A TFT including an active layer
122, a gate electrode 124, a source electrode 1264 and a drain
electrode 1265 may be disposed on the first insulating layer
121.

[0080] A second insulating layer 123 may be disposed
between the active layer 122 and the gate electrode 124, and
a third insulating layer 125 may be disposed between the gate
electrode 124, and the source and drain electrodes 126a and
126b.

[0081] A fourth insulating layer 127 may be disposed on
the third insulating layer 125 to cover the source and drain
electrodes 126a and 1265 The fourth insulating layer 127
may be configured to planarize the underlying layers, and
may include an organic material.

[0082] The organic light emitting device OLED, the pixel
defining layer 140 and the light scattering layer 150 may be
disposed on the fourth insulating layer 127.

[0083] The substrate 110, and the first to fourth insulating
layers 121, 123,125 and 127 may include a transparent mate-
rial, and accordingly the transparency of the organic light
emitting display apparatus 100 can be increased and a light
scattered from the light scattering layer 150 can be transmit-
ted.

[0084] FIG. 3 is a cross-sectional view schematically illus-
trating another embodiment of an organic light emitting dis-
play apparatus according to the invention.

[0085] Referring to FIG. 3, the organic light emitting dis-
play apparatus 200 includes a substrate 210 divided into a first
light emission region P1, and a transmission region TA dis-

Jul. 9, 2015

posedadjacent to a first light emission region P1 and allowing
an external light to be transmitted therethrough. An OLED
including a pixel electrode 231, an intermediate layer 232
including an organic light emission layer, and an opposite
electrode 233 are disposed in the first light emission region P1
defined on the substrate 210. A light scattering layer 250
configured to scatter a light incident from the intermediate
layer 232 is disposed in the transmission region TA.

[0086] A pixel defining layer 240 that is extended from an
end portion of the pixel electrode 231 is disposed in the
transmission region TA. The transmission region TA may
include a transmission window TW in which the opposite
electrode 233 and the pixel defining layer 240 are not dis-
posed. The transmission window TW portion of the transmis-
sion region TA may have a higher transmittance than that ofa
remaining portion of the transmission region TA.

[0087] The pixel defining layer 240 includes a transparent
material and may be configured to deliver a light emitted from
the intermediate layer 232 to the light scattering layer 250.

[0088] The light scattering layer 250 may scatter light inci-
dent from side surface of the light scattering layer 250, trans-
mit a light incident in a top or bottom surface direction of the
light scattering layer 250, and include two layers having
different refractive indexes.

[0089] Referring to FIG. 3, the light scattering layer 250
includes six layers 251, 252, 253, 254, 255 and 256, and the
six layers 251, 252, 253, 254, 255 and 256 may include high
refractive index layers 252, 254 and 256 and low refractive
index layers 251, 253 and 255 which are alternatively dis-
posed.

[0090] The high refractive index layers 252, 254 and 256
within a group of high refractive index layers and the low
refractive index layers 251, 253 and 255 within a group of low
refractive index layers, may respectively include an identical
material or different materials.

[0091] When a light is incident from the high refractive
index layers 252, 254 and 256 to the low refractive index
layers 251, 253 and 255, total reflection may occur where a
total reflection condition is satisfied, namely, an incident
angle of the incident light is a predetermined value or greater.

[0092] Accordingly, a light incident from the outside of the
organic light emitting display device 200 to the light scatter-
ing layer 250 is not reflected on boundary surfaces of the high
refractive index layers 252, 254 and 256 and low refractive
index layers 251, 253 and 255 and is transmitted without a
change, since an incident angle of the incident light is not
relatively large. A light incident from the intermediate layer
232 to the light scattering layer 250 propagates along a width
direction of the light scattering layer 250. A part of the light
the light emitted from the organic light emission layer
included in the intermediate layer 232 is reflected on the
boundary surfaces of the high refractive index layers 252, 254
and 256 and low refractive index layers 251, 253 and 255 and
emitted outside of the light scattering layer 150, and the other
part of the light such as a remaining portion thereof is trans-
mitted, since the incident angle of the incident light is rela-
tively large.

[0093] Due to the above-described configuration, while
transparency of the organic light emitting display apparatus
200 is maintained, a light emitted towards a side direction of
the intermediate layer 232 may be released externally in up,
down and/or side directions by the light scattering layer 250
disposed in the transmission region TA.
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[0094] Reference numerals shown in FIG. 3 represent a first
insulating layer 221, a second insulating layer 223, a third
insulating layer 225, a fourth insulating layer 227, an active
layer 222, a gate electrode 224, a source electrode 2264, and
a drain electrode 2265 of a thin film transistor TFT.

[0095] FIG. 41s a cross-sectional view schematically illus-
trating still another embodiment of an organic light emitting
display apparatus according to the invention.

[0096] Referring to FIG. 4, the organic light emitting dis-
play apparatus 300 includes a substrate 310 divided into a first
light emission layer P1, and a transmission region TA dis-
posed adjacent to the first light emission layer P1 and having
an external light transmitted therethrough. An organic light
emitting device OLED including a pixel electrode 331, an
intermediate layer 332 including an organic light emission
layer 332, and an opposite electrode 333 are disposed in the
first light emission region P1 defined on the substrate 310. A
light scattering layer 350 configured to scatter a light incident
from the intermediate layer 332 is disposed in the transmis-
sion region TA.

[0097] A pixel defining layer 340 that is extended from an
end portion of the pixel electrode 331 is disposed in the
transmission region TA. The transmission region TA may
include a transmission window TW in which the opposite
electrode 333 and the pixel defining layer 340 are not dis-
posed. The transmission window TW portion of the transmis-
sion region TA may have higher transmittance than that of'a
remaining portion of the transmission region TA.

[0098] The pixel defining layer 340 may include a trans-
parent material, and may be configured to deliver a light
emitted from the intermediate 332 to the light scattering layer
350.

[0099] The light scattering layer 350 may include bumps
351 and 352 disposed on the top and bottom surfaces of the
light scattering layer 350. The bumps 351 and 352 may be
defined by recesses defined in the top and bottom surfaces of
the light scattering layer 350, or the bumps 351 and 352 may
be defined by protruded portions of the light scattering layer
350 extended from a common top and bottom surface of the
light scattering layer 350.

[0100] The bumps 351 and 352 may have a size, a period
and a shape adjusted to transmit a light incident from the
outside of the organic light emitting display apparatus 300 to
the light scattering layer 350 and scatter a light incident from
the intermediate layer 332. The period of the bumps 351 and
352 may be about 1 pm or smaller. The period may be defined
as a distance taken between adjacent bumps with reference to
a same location or point of the respective bumps.

[0101] Since a degree of scattering of the bumps 351 and
352 may differ by a difference between refractive indexes of
materials disposed on the top and bottom portions of the
bumps 351 and 352, a period of the bumps 351 disposed on
the top surface of the light scattering layer 350 and a period of
the bumps 352 disposed on the bottom surface of the light
scattering layer 350 may be different from each other.
[0102] The shape of the bumps 351 and 351 of FIG. 4 is
exemplary, and the invention is not limited thereto. The
bumps 351 and 352 may have various shapes, such as a lens
shape, a triangle shape as well as a rectangular shape (FIG. 4).
In an embodiment, the bumps 351 and 352 may be disposed
only on the top surface or on the bottom surface instead of
both top and bottom surfaces of the light scattering layer 350.
[0103] Due to the above-described configuration, while
transparency of the organic light emitting display apparatus
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300 is maintained, a light emitted towards a side direction of
the intermediate layer 332 may be released externally by the
light scattering layer 350 disposed in the transmission region
TA.

[0104] Reference numerals shown in FIG. 4 represent a first
insulating layer 321, a second insulating layer 323, a third
insulating layer 325, a fourth insulating layer 327, an active
layer 322, a gate electrode 324, a source electrode 3264, and
a drain electrode 3265 of a thin film transistor TFT.

[0105] FIG. 5is a top plan view schematically illustrating
yet another embodiment of an organic light emitting display
apparatus according to the invention.

[0106] Referring to FIG. 5, the organic light emitting dis-
play apparatus includes a first light emission region P1, a
second light emission region P2 disposed separate from the
first light emission region P1, a third light emission region P3
and a fourth light emission region P4. A transmission region
TA may be disposed in an area defined by the light emission
regions P1, P2, P3 and P4, such as between opposing light
emission regions.

[0107] Thetransmission region TA may include a transmis-
sion window TW at a portion of the transmission region TA
having a higher transmittance than that a remaining portion of
the transmission region TA. In the plan view, the transmission
region TW may include four sides respectively disposed adja-
cent to the first to fourth light emission regions P1 to P4,
respectively.

[0108] The first to fourth light emission regions P1 to P4
may respectively emit lights of various colors to realize a
white light by combination of the emitted lights.

[0109] In an embodiment, for example, the first to fourth
light emission regions P1 to P4 may respectively emit a red
light, a green light, a blue light and a blue light. The third and
fourth light emission regions P3 and P4 may emit the blue
lights having an identical wavelength or different wave-
lengths.

[0110] A life of the blue light emission region, which is
relatively short, may be increased by configuring the third and
fourth light emission regions P3 and P4 to emit the blue light
having the identical wavelength.

[0111] Inan embodiment, a function of a bio-clock may be
added to the organic light emitting display apparatus by con-
figuring the third light emission region P3 to emit a blue light
having a wavelength range proper to realizing an image and
the fourth light emission region P4 to emit a blue light having
a different wavelength from that of the third light emission
region P3 and having a function of recovering biorhythm.
[0112] The lights emitted from the light emission regions
P1 to P4 may all be incident to the transmission window TW
as indicated by the arrows pointing toward the transmission
window TW from the various light emission regions, and then
released towards the both sides of the organic light emitting
display apparatus 400 by the light scattering layer 450 (see
FIG. 6) disposed on the transmission window TW. That is, the
lights emitted from the light emission regions P1 to P4 are
mixed to be released outside the organic light emitting display
apparatus 400 through one window.

[0113] The transmission window TW may have a square
shape of which lengths of the four sides are substantially
identical.

[0114] When the light is transmitted through the transmis-
sion window TW, a diffraction phenomenon may occur at
each side of the transmission region TW. With the diffraction
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phenomenon, an image may be distorted by the superimpo-
sition of lights diffracted at each side.

[0115] However, when lengths of sides of the transmission
region TW are configured to be identical, the light diffracted
at each side may have an identical pattern and accordingly the
phenomenon that the image is distorted due to the superim-
position of the diffracted lights may be reduced.

[0116] FIG. 6 is a cross-sectional view taken along line
VI-VI'of FIG. 5, and FIG. 7 is a conceptual view representing
a light extraction principle of the organic light emitting dis-
play apparatus of FIG. 5.

[0117] Referring to FIGS. 6 and 7, a substrate 410 is
divided into the first and third light emission regions P1 and
P3, the transmission region TA is disposed between the first
and third light emission regions P1 and P3. An organic light
emitting device OLED including pixel electrodes 431 and
461, intermediate layers 432 and 462 including organic light
emission layers, and opposite electrodes 433 and 463 are
disposed in the first and third light emission regions P1 and P3
defined on the substrate 410. The light scattering layer 450
configured to scatter lights incident from the intermediate
layers 432 and 462 may be disposed in the transmission
region TA.

[0118] Pixel defining layers 440 and 470 that are extended
from end portions of the pixel electrodes 431 and 461 are
disposed in the transmission region TA. The transmission
region TA may include a transmission window TW in which
the opposite electrodes 433 and 463, and the pixel defining
layers 440 and 470 are not disposed. The transmission win-
dow TW region of the transmission are TA may have larger
transmittance than that of a remaining portion of the trans-
mission region TA.

[0119] Thepixel defining layers 440 and 470 include trans-
parent material and are configured to deliver lights emitted
from the intermediate layers 432 and 462, to the light scatter-
ing layer 450.

[0120] A pixel driving unit (not shown) and an insulating
layer 427 may be disposed between the substrate 410 and the
OLED. Although not shown in the drawing, a black matrix
(not shown) may be disposed on a region corresponding to the
pixel electrodes 431 and 461, on the substrate 410.

[0121] The pixel electrodes 431 and 461 may respectively
include reflective layers. In an embodiment, for example, the
reflective layer may include at least one selected from silver
(Ag), magnesium (Mg), aluminum (Al), platinum (Pt), palla-
dium (Pd), gold (Au), nickel (Ni), neodymium (Nd), iridium
(Ir) and chromium (Cr). On the reflective layer, a transparent
or a translucent electrode layer may be further disposed and
may include at least one selected from ITO,1Z0, Zn0, In,0,,
IGO and AZO.

[0122] The intermediate layers 432 and 462 include the
organic light emission layers and may further include at least
one of a HIL, a HTL, an ETL and an EIL. However, the
invention is not limited thereto. The intermediate layers 432
and 462 may include the organic light emission layers and
further include other various functional layers. The organic
light emission layer may emit a red, green, blue and/or white
light.

[0123] The opposite electrodes 433 and 463 may include
reflective layers, and the reflective layers may include at least
one selected from silver(Ag), aluminum(Al), magnesium
(Mg), lithium(L1i), calcium(Ca), copper(Cu), LiF/Ca, LiF/Al,
MgAg and CaAg.
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[0124] Since the embodiment of the organic light emitting
display apparatus 400 includes the pixel electrode 431 and
461 and the opposite electrodes 433 and 463 all including the
reflective layers, lights are not released in directions of the
pixel electrodes 431 and 461 or in directions of the opposite
electrodes 433 and 463. That is, an optical waveguide is
effectively formed by the pixel electrode 431 and 461 and the
opposite electrodes 433 and 463 including the reflective lay-
ers, and lights emitted from the intermediate layers 432 and
462 may propagate in side directions, namely, towards the
transmission region TA.

[0125] Lights which are emitted from the intermediate lay-
ers 432 and 462 and propagate towards the side surfaces, are
incident to the transparent pixel defining layers 440 and 470,
and transmitted through the pixel defining layers 440 and 470
to be incident to the light scattering layer 450.

[0126] The light scattering layer 450 in the illustrated
embodiment may include light scattering particles 452 hav-
ing a size of about 1 pm or smaller, which are dispersed in a
transparent medium 451.

[0127] Thelight scattering particles 452 may have approxi-
mately the same size as a wavelength of an incident light so
that Mie scattering occurs for the incident light.

[0128] Alightincidentto thelight scattering layer 450 from
the outside of the organic light emitting display apparatus 400
is minimally scattered and passes through the light scattering
layer 450 to be transmitted in an opposite direction to the
incident direction.

[0129] However, lights incident from the side surfaces of
the light scattering layer 450 may propagate along a width
direction of the light scattering layer 450, be scattered by the
scattering particles 452 to propagate towards directions ofthe
top surface and/or the bottom surface of the light scattering
layer 450, and then released externally.

[0130] Due to the above-described configuration, an image
may be realized in the transmission region TA by externally
releasing the light emitted in the direction of the side surfaces
of the intermediate layers 432 and 462 by means of the light
scattering layer 450 disposed on the transmission region TA,
while maintaining transparency of the organic light emitting
display apparatus 400.

[0131] Referring F1G. 5 again, in the organic light emitting
display apparatus 400 of the illustrated embodiment, lights
are not released externally from the light emission regions P1,
P2, P3 and P4, but are only released toward the transmission
region TA.

[0132] Accordingly, when the area of the transmission
region TA is increased, transparency of the organic light
emitting display apparatus 400 can be increased. Since lights
emitted from the light emission regions P1, P2, P3 and P4 are
mixed and released from the transmission region TA, conti-
nuity and visibility of the colors of a realized image can be
improved.

[0133] In addition, by increasing an area that the transmis-
sion region TA occupies in the organic light emitting display
apparatus 400, optical members, such as a polarizer for pre-
venting reflection of an external light can be omitted, and
thereby increasing transparency of the organic light emitting
display apparatus 400.

[0134] FIG. 8is a top plan view schematically illustrating
yet another embodiment of an organic light emitting display
device according to the invention, and FIG. 9 is a cross-
sectional view taken along line IX-IX' of FIG. 8.
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[0135] Referring to FIG. 8, the organic light emitting dis-
play device 500 includes a plurality of pixels Pa, Pb, Pc, Pd,
Pe and Pf. Each of'the plurality of pixels Pa, Pb, Pc, Pd, Pe and
Pf'may include a first light emission region P1, a second light
emission region P2, a third light emission region P3 and a
transmission region TA through which an external light is
transmitted.

[0136] The transmission region TA includes a transmission
window TW. The transmission window TW region of the
transmission are TA has a larger transmittance than that of a
remaining region of the transmission region TA. Regions of
the transmission window TW, which are not adjacent to the
first to fourth light emission regions P1 to P4, may include
reflective members 590.

[0137] Each of the plurality of pixels Pa to Pf may include
apixel circuitunit (not shown) which is independently driven,
such that the pixels emit or not emit a light of a specific color
for realizing a desired image in the transmission region TA. A
pixel that does not emit a light may be transparent.

[0138] That is, in order for the organic light emitting dis-
play apparatus 500 to realize a desired image, a light emitted
from each of the plurality of pixels Pa to Pfis required not to
affect other pixels.

[0139] However, lights emitted from the intermediate lay-
ers 532 and 582 (see FIG. 9) and propagated towards the side
surfaces thereof propagate to other adjacent pixels, and allow
other pixels to emit lights, which are required not to emit the
lights, or to emit lights of undesired colors.

[0140] The organic light emitting display apparatus 500 of
the illustrated embodiment may have the reflective members
590 disposed on a region of the transmission region TW of
each of the plurality of pixels Pa to Pf.

[0141] Referring to FIG. 9, a substrate 510, which is
divided into a first pixel Pa including a first light emission
region P1 and a transmissionregion TA, and a second pixel Pb
disposed adjacent to the first pixel Pa and including the first
light emission region P1.

[0142] An organic light emitting device OLED is disposed
in the first light emission region P1 of the first pixel Pa and
includes a pixel electrode 531, the intermediate 532 and an
opposite electrode 533. A light scattering layer 550 is dis-
posed in a transmission window TW included in the trans-
mission region TA and includes transparent medium 551, and
light scattering particles 552 disposed in the first pixel Pa, on
the substrate 510. A pixel defining layer 540 including a
transparent material may be disposed between the intermedi-
ate layer 532 and the transmission window TW.

[0143] A pixel driving unit (not shown) and an insulating
layer 527 may be disposed between the substrate 510 and the
OLED:s. Although not shown in the drawing, a black matrix
(not shown) may be disposed on a region corresponding to the
pixel electrodes 531 and 581, on the substrate 510.

[0144] An organic light emitting device OLED disposed in
the first light emission region P1 and including a pixel elec-
trode 581, the intermediate layer 582 and an opposite elec-
trode 583 may be disposed in the second pixel Pb, on the
substrate 510.

[0145] A reflective member 590 may be disposed in a
region of the transmission window TW included in the first
pixel Pa, and adjacent to the second pixel Pb. Accordingly, a
light emitted from the intermediate layer 532 included in the
first pixel Pa and propagated towards the side surfaces of the
intermediate layer 532 is transmitted through the light scat-

Jul. 9, 2015

tering layer 550 and reflected by the reflective member 590,
does not propagate to the second pixel Pb and is re-incident to
the light scattering layer 550.

[0146] Due to the above-described configuration, a phe-
nomenon that lights are mixed between adjacent pixels can be
reduced or effectively prevented and light extraction effi-
ciency can be increased by re-scattering a light reflected by
the reflective member 590 to release the light externally.
[0147] The embodiments of the organic light emitting dis-
play apparatuses 100, 200, 300, 400 and 500 of invention
improve light extraction efficiency by using side-traveling
lights emitted from the intermediate layers 132, 232, 332,
432, 462, 532, and 582 including organic light emission lay-
ers, in image display within a transmission region TA adja-
cent to the intermediate layers. Lights from the intermediate
layers and from an outside are then released from the trans-
mission region TA, which allows an external light to be trans-
mitted, and increases contrast of an image realized in the
organic light emitting display apparatuses 100, 200, 300, 400
and 500 with respect to a background image.

[0148] Furthermore, since light is scattered by the light
scattering layers 150, 250, 350, 450 and 550 disposed in the
transmission region TA and released externally, a color shift
phenomenon in side viewing angles is improved and dual
emission display apparatus can be realized without increase
of pixels within the organic light emitting display apparatuses
100, 200, 300, 400 and 500.

[0149] It should be understood that the embodiments
described herein should be considered in a descriptive sense
only and not for purposes of limitation. Descriptions of fea-
tures within each embodiment should typically be considered
as available for other similar features in other embodiments.

[0150] While one or more embodiment of the invention has
been described with reference to the figures, it will be under-
stood by those of ordinary skill in the art that various changes
in form and details may be made therein without departing
from the spirit and scope of the invention as defined by the
following claims.

What is claimed is:

1. An organic light emitting display apparatus comprising:

a substrate divided into a first light emission region, and a

transmission region adjacent to the first light emission
region and through which an external light is transmit-
ted;

an organic light emitting device on the substrate and in the

first light emission region, and comprising a pixel elec-
trode, an intermediate layer on the pixel electrode and
comprising an organic light emission layer, and an oppo-
site electrode on the intermediate layer; and

alight scattering layer on the substrate and in the transmis-

sion region, and configured to scatter a light incident
thereto from the intermediate layer in the first light emis-
sion region.

2. The organic light emitting display apparatus of claim 1,
further comprising a pixel defining layer in the transmission
region and extended from an end portion of the pixel elec-
trode, and configured to transmit light incident thereto.

3. The organic light emitting display apparatus of claim 2,
wherein a transmission window is defined in the transmission
region, and the pixel defining layer in the transmission region,
and the opposite electrode are not disposed in the transmis-
sion window.
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4. The organic light emitting display apparatus of claim 3,
wherein the light scattering layer in the transmission region is
disposed in the transmission window.

5. The organic light emitting display apparatus of claim 1,
wherein the light scattering layer comprises light scattering
particles having a size of about 1 micrometer or smaller.

6. The organic light emitting display apparatus of claim 5,
wherein a width of the light scattering layer in a plan view, is
greater than a cross-sectional height thereof.

7. The organic light emitting display apparatus of claim 1,
wherein the light scattering layer scatters light incident to a
side surface thereof, and transmits a light incident to a top or
bottom surface thereof.

8. The organic light emitting display apparatus of claim 7,
wherein the light scattering layer comprises two layers having
different refractive indexes.

9. The organic light emitting display apparatus of claim 1,
wherein the light scattering layer comprises bunips on atop or
bottom surface thereof.

10. The organic light emitting display apparatus of claim 9,
wherein the light scattering layer comprises bumps on the top
and bottom surfaces thereof, and periods of the bumps on the
top and bottom surfaces thereof are different from each other.

11. The organic light emitting display apparatus of claim 9,
wherein the period of the bumps is about 1 micrometer or
smaller.

12. The organic light emitting display apparatus of claim 1,
wherein

the pixel electrode is a reflective electrode, and

the opposite electrode is a transparent or translucent elec-

trode.

13. The organic light emitting display apparatus of claim 3,
further comprising

a second light emission region adjacent to the first light

emission region, and

a third light emission region adjacent to the second light

emission region,
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wherein

the first to third light emission regions emit different color

lights, and

the transmission window is adjacent to a same side of the

first, second and third light emission regions.

14. The organic light emitting display apparatus of claim
13, further comprising a reflective member at a side of the
transmission window which is not adjacent to the first to third
light emission regions.

15. The organic light emitting display apparatus of claim 1,
wherein the pixel electrode and the opposite electrode are
reflective electrodes.

16. The organic light emitting display apparatus of claim 3,
further comprising second, third and fourth light emission
regions separated from the first light emission region,

wherein the transmission window comprises four sides

respectively adjacent to the first to fourth light emission
regions.

17. The organic light emitting display apparatus of claim
16, wherein the transmission window has a square shape ina
plan view.

18. The organic light emitting display apparatus of claim
16, wherein

the first and second light emission regions respectively

emit red and green lights, and

the third and fourth light emission regions emit blue lights

having the same wavelength.

19. The organic light emitting display apparatus of claim
16, wherein

the first and second light emission regions respectively

emit red and green lights, and

the third and fourth light emission regions emit blue lights

having different wavelengths.

20. The organic light emitting display apparatus of claim 1,
further comprising a pixel circuit unit electrically connected
to and driving the organic light emitting device, and over-
lapped with the first light emission region in a plan view.
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