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(7) ABSTRACT

An organic light emitting display device includes a sub-
strate, first electrodes disposed on the substrate, a pixel
defining layer disposed on the substrate and exposing at least
a part of the first electrodes, a second electrode disposed on
the first electrodes and the pixel defining layer, an organic
light emitting layer disposed between the first electrodes and
the second electrode, a thin film encapsulation layer dis-
posed on the second electrode, barrier ribs disposed on the
thin film encapsulation layer, the barrier ribs overlapping the
pixel defining layer between two adjacent ones of the first
electrodes, and a planarization layer disposed on the thin
film encapsulation layer and the barrier ribs, and having a
refractive index higher than that of the barrier ribs. Each of

HoIL 51/52 (2006.01) the barrier ribs has a closed loop shape that encloses one of
HO1L 27/32 (2006.01) the two adjacent ones of the first electrodes in a plan view.
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ORGANIC LIGHT EMITTING DISPLAY
DEVICE

[0001] This application claims priority to Korean Patent
Application No. 10-2018-0163489, filed on Dec. 17, 2018,
and all the benefits accruing therefrom under 35 U.S.C. §
119, the content of which in its entirety is herein incorpo-
rated by reference.

1. FIELD

[0002] Exemplary embodiments of the invention relate to
an organic light emitting diode (“OLED”) display device.

2. DISCUSSION OF RELATED ART

[0003] Display devices may be classified into various
types such as liquid crystal display (“LCD”) devices,
organic light emitting diode (“OLED”) display devices,
plasma display panel (“PDP”) display devices and electro-
phoretic display devices based on a light emitting scheme
thereof.

[0004] In general, the OLED display devices include two
electrodes and an organic light emitting layer disposed
between the two electrodes. Holes injected from one of the
two electrodes and electrons injected from the other of the
two electrodes are combined with each other in the organic
light emitting layer to form an exciton. When such excitons
fall from an excited state to a ground state, an energy is
released to emit light.

[0005] Such OLED display devices include a plurality of
pixels that include OLEDs, which are self-light emitting
elements, and a plurality of transistors and at least one
capacitor for driving the OLEDs are disposed in each pixel.
The plurality of transistors basically include a switching
transistor and a driving transistor.

SUMMARY

[0006] Light generated in the organic light emitting diode
(“OLED”) is lost in a considerable amount as it passes
through several layers, and transmittance becomes lowered.
In order to solve such a problem, attempts have been made
to form a lens, for example. However, it is not easy to control
the curvature of the lens, and a distance between the lens and
the OLED is too long to improve the transmittance.

[0007] Exemplary embodiments of the invention may be
directed to an OLED display device improved in terms of
outgoing light efficiency and frontal visibility.

[0008] In an exemplary embodiment, an organic light
emitting display device includes a substrate, a plurality of
first electrodes disposed on the substrate, a pixel defining
layer disposed on the substrate and exposing at least a part
of the plurality of first electrodes, a second electrode dis-
posed on the plurality of first electrodes and the pixel
defining layer, an organic light emitting layer disposed
between the plurality of first electrodes and the second
electrode, a thin film encapsulation layer disposed on the
second electrode, a plurality of barrier ribs disposed on the
thin film encapsulation layer and overlapping the pixel
defining layer between two adjacent ones of the plurality of
first electrodes, and a planarization layer disposed on the
thin film encapsulation layer and the plurality of barrier ribs,
and having a refractive index higher than that of the plurality
of barrier ribs. Each of the plurality of barrier ribs has a
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closed loop shape that encloses one of the two adjacent ones
of the plurality of first electrodes in a plan view.

[0009] In an exemplary embodiment, the plurality of bar-
rier ribs may not overlap the plurality of first electrodes.

[0010] In an exemplary embodiment, the organic light
emitting display device may further include a scattering
layer overlapping the pixel defining layer between the
plurality of barrier ribs.

[0011] In an exemplary embodiment, the scattering layer
may have a thickness less than a thickness of each of the
plurality of barrier ribs.

[0012] In an exemplary embodiment, the scattering layer
may have a thickness in a range from about 1 micrometer
(um) to about 8 pum.

[0013] In an exemplary embodiment, each of the plurality
of barrier ribs may have an isosceles trapezoidal shape in a
cross-sectional view.

[0014] In an exemplary embodiment, at least a part of the
plurality of barrier ribs may each have a non-isosceles
trapezoidal shape in a cross-sectional view.

[0015] In an exemplary embodiment, the organic light
emitting display device may further include a color conver-
sion layer disposed between the thin film encapsulation layer
and the planarization layer.

[0016] In an exemplary embodiment, the plurality of bar-
rier ribs may be linearly symmetric with respect to an
imaginary straight line that passes through a center of the
pixel defining layer between the two adjacent ones of the
plurality of first electrodes and is perpendicular to the
substrate.

[0017] In an exemplary embodiment, the organic light
emitting display device may include a light emission area
which is divided by the pixel defining layer and through
which light generated from the organic light emitting layer
is emitted. The plurality of barrier ribs may be disposed apart
from the light emission area in the plan view.

[0018] In an exemplary embodiment, a shortest horizontal
distance between the light emission area and one of the
plurality of barrier ribs that is disposed adjacent to the light
emission area may be in a range from about 0.5 pm to about
3.0 pm.

[0019] In an exemplary embodiment, each of the plurality
of barrier ribs may have a thickness in a range from about
4.0 pm to about 8.0 um.

[0020] Inanother exemplary embodiment, an organic light
emitting display device includes a substrate, a plurality of
first electrodes disposed on the substrate, a pixel defining
layer disposed on the substrate and exposing at least a part
of the plurality of first electrodes, a second electrode dis-
posed on the plurality of first electrodes and the pixel
defining layer, an organic light emitting layer disposed
between the plurality of first electrodes and the second
electrode, a thin film encapsulation layer disposed on the
second electrode, a plurality of barrier ribs disposed on the
thin film encapsulation layer, the plurality of barrier ribs
overlapping the pixel defining layer between two adjacent
ones of the plurality of first electrodes, a scattering layer
overlapping the pixel defining layer between the plurality of
barrier ribs, and a planarization layer disposed on the thin
film encapsulation layer, the plurality of barrier ribs, and the
scattering layer, and having a refractive index higher than
that of the plurality of barrier ribs.



US 2020/0194727 Al

[0021] In an exemplary embodiment, the scattering layer
may have a thickness less than a thickness of each of the
plurality of barrier ribs.

[0022] In an exemplary embodiment, the scattering layer
may have a thickness in a range from about 1 pm to about
8 um.

[0023] In an exemplary embodiment, each of the plurality
of barrier ribs may have a closed loop shape that encloses
one of the two adjacent ones of the plurality of first elec-
trodes in a plan view.

[0024] In an exemplary embodiment, the plurality of bar-
rier ribs may be linearly symmetric with respect to an
imaginary straight line that passes through a center of the
pixel defining layer between the two adjacent ones of the
plurality of first electrodes and is perpendicular to the
substrate.

[0025] In an exemplary embodiment, the plurality of bar-
rier ribs may not overlap the plurality of first electrodes.
[0026] In an exemplary embodiment, each of the plurality
of barrier ribs may have an isosceles trapezoidal shape in a
cross-sectional view.

[0027] In an exemplary embodiment, at least a part of the
plurality of barrier ribs may each have a non-isosceles
trapezoidal shape in a cross-sectional view.

[0028] The foregoing is illustrative only and is not
intended to be in any way limiting. In addition to the
illustrative exemplary embodiments and features described
above, further exemplary embodiments and features will
become apparent by reference to the drawings and the
following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] A more complete appreciation of the invention will
become more apparent by describing in detail embodiments
thereof with reference to the accompanying drawings, in
which:

[0030] FIG. 1is a block diagram illustrating an exemplary
embodiment of an organic light emitting diode (“OLED”)
display device;

[0031] FIG. 2 is a plan view schematically illustrating an
exemplary embodiment of a plurality of pixels;

[0032] FIG. 3 isa cross-sectional view taken along line I-I'
of FIG. 2;
[0033] FIG. 4 is an enlarged cross-sectional view illus-

trating area A in FIG. 3;

[0034] FIG.5is a graph illustrating an exemplary embodi-
ment of an increase rate of frontal efficiency according to a
horizontal distance between a first region and a barrier rib of
an OLED display device;

[0035] FIG. 6 is a graph illustrating an exemplary embodi-
ment of an increase rate of frontal efficiency according to a
thickness of a barrier rib of an OLED display device;
[0036] FIG. 7 is a cross-sectional view of another exem-
plary embodiment corresponding to area A in FIG. 3;
[0037] FIG. 8 is a cross-sectional view of another exem-
plary embodiment corresponding to area A in FIG. 3;
[0038] FIG. 9 is a plan view schematically illustrating
another exemplary embodiment of a plurality of pixels;
[0039] FIG. 10 is a cross-sectional view illustrating
another exemplary embodiment of an OLED display device;
and

[0040] FIG. 11 is a cross-sectional view illustrating
another exemplary embodiment of an OLED display device.
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DETAILED DESCRIPTION

[0041] Exemplary embodiments will now be described
more fully hereinafter with reference to the accompanying
drawings. Although the invention may be modified in vari-
ous manners and have several embodiments, embodiments
are illustrated in the accompanying drawings and will be
mainly described in the specification. However, the scope of
the invention is not limited to the exemplary embodiments
and should be construed as including all the changes,
equivalents and substitutions included in the spirit and scope
of the invention.

[0042] Inthe drawings, thicknesses of a plurality of layers
and areas are illustrated in an enlarged manner for clarity
and ease of description thereof. When a layer, area, or plate
is referred to as being “on” another layer, area, or plate, it
may be directly on the other layer, area, or plate, or inter-
vening layers, areas, or plates may be present therebetween.
Conversely, when a layer, area, or plate is referred to as
being “directly on” another layer, area, or plate, intervening
layers, areas, or plates may be absent therebetween. Further
when a layer, area, or plate is referred to as being “below”
another layer, area, or plate, it may be directly below the
other layer, area, or plate, or intervening layers, areas, or
plates may be present therebetween. Conversely, when a
layer, area, or plate is referred to as being “directly below”
another layer, area, or plate, intervening layers, areas, or
plates may be absent therebetween.

[0043] The spatially relative terms “below”, “beneath”,
“lower”, “above”, “upper” and the like, may be used herein
for ease of description to describe the relations between one
element or component and another element or component as
illustrated in the drawings. 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 illustrated in the drawings. For example, in
the case where a device illustrated in the drawing is turned
over, the device positioned “below” or “beneath” another
device may be placed “above” another device. Accordingly,
the illustrative term “below” may include both the lower and
upper positions. The device may also be oriented in the other
direction and thus the spatially relative terms may be intet-
preted differently depending on the orientations.

[0044] Throughout the specification, when an element is
referred to as being “connected” to another element, the
element is “directly connected” to the other element, or
“electrically connected” to the other element with one or
more intervening elements interposed therebetween. It will
be further understood that the terms “comprises,” “compris-
ing,” “includes” and/or “including,” when used in this
specification, specify the presence of stated features, inte-
gers, steps, operations, elements, and/or components, but do
not preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components,
and/or groups thereof.

[0045] It will be understood that, although the terms
“first,” “second,” “third,” and the like may be used herein to
describe various elements, these elements should not be
limited by these terms. These terms are only used to distin-
guish one element from another element. Thus, “a first
element” discussed below could be termed “a second ele-
ment” or “a third element,” and “a second element” and “a
third element” may be termed likewise without departing
from the teachings herein.
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[0046] “About” or “approximately” as used herein is
inclusive 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” may mean within one or
more standard deviations, or within £30%, 20%, 10%, 5% of
the stated value.

[0047] Unless otherwise defined, all terms used herein
(including technical and scientific terms) have the same
meaning as commonly understood by those skilled in the art
to which this invention pertains. It will be further understood
that terms, such as those defined in commonly used diction-
aries, 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 ideal or excessively
formal sense unless clearly defined at the specification.
[0048] Some of'the parts which are not associated with the
description may not be provided in order to specifically
describe embodiments of the invention and like reference
numerals refer to like elements throughout the specification.
[0049] Hereinafter, an exemplary embodiment will be
described with reference to FIGS. 1 to 6.

[0050] FIG. 11is a block diagram illustrating an exemplary
embodiment of an organic light emitting diode (“OLED”)
display device 10.

[0051] Referring to FIG. 1, an OLED display device 10 in
an exemplary embodiment includes a display panel DP, a
timing controller TC, a gate driver GD, and a data driver
DD.

[0052] The timing controller TC receives image data
externally applied thereto and outputs an image data signal
DAT that is converted in accordance with a driving mode of
the display panel DP to the data driver DD. In addition, the
timing controller TC generates a gate driving control signal
GCS and a data driving control signal DCS using horizontal
and/or vertical synchronization signals and a clock signal,
and output them to the gate driver GD and the data driver
DD, respectively.

[0053] The gate driver GD receives the gate driving con-
trol signal GCS from the timing controller TC and generates
a plurality of gate signals. The plurality of gate signals is
sequentially applied to the display panel DP.

[0054] The data driver DD receives the data driving con-
trol signal DCS and the converted image data signal DAT
from the timing controller TC. The data driver DD generates
a plurality of data signals based on the data driving control
signal DCS and the converted image data signal DAT. The
plurality of data signals are applied to the display panel DP.
[0055] The display panel DP may receive an electric signal
from the outside and display images. The display panel DP
includes a plurality of gate lines GL1 to GLn, a plurality of
data lines DL1 to DLm insulated from and intersecting the
plurality of gate lines GL.1 to GLn, and a plurality of pixels
PX electrically connected to the plurality of data lines DL.1
to DLm and the plurality of gate lines GL.1 to GLn where n
and m are natural numbers.

[0056] Although each of the plurality of pixels PX in an
exemplary embodiment is depicted to have a substantially
quadrangular shape, the invention is not limited thereto. In
another exemplary embodiment, each of the plurality of
pixels PX may have various shapes, e.g., a substantially
circular, rhombic, or octagonal shape. In addition, although
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each of the plurality of pixels PX in an exemplary embodi-
ment is depicted to be arranged in a matrix, the invention is
not limited thereto.

[0057] Each of the gate lines GL.1 to GLn may extend
along a first direction D1, and may be arranged along a
second direction D2 that intersects the first direction D1. The
gate lines GL1 to GLn sequentially receive the gate signals
from the gate driver GD.

[0058] Each of the data lines DL.1 to DLm may extend
along the second direction D2 and may be arranged along
the first direction D1. The data lines DL1 to DLm receive the
data signals from the data driver DD.

[0059] The display panel DP may receive a first power
voltage ELVDD and a second power voltage ELVSS from
the outside. Each of the pixels PX may be turned on in
response to a corresponding gate signal. Fach of the pixels
PX receives the first power voltage ELVDD and the second
power voltage ELVSS, and is capable of generating light in
response to a corresponding data signal. The first power
voltage ELVDD may have a voltage level higher than that of
the second power voltage ELVSS.

[0060] Each of the pixels PX may receive the gate signal
from the corresponding gate line, and receive the data signal
from the corresponding data line. Each of the pixels PX may
be turned on in response to a corresponding gate signal.
Each of the pixels PX may generate light corresponding to
the corresponding data signal to display images.

[0061] The pixels PX may exhibit various colors, and in an
exemplary embodiment, each pixel PX may emit one of red
light, green light, blue light, and white light, for example.
[0062] FIG. 2 is a plan view schematically illustrating an
exemplary embodiment of a plurality of pixels, and FIG. 3
is a cross-sectional view taken along line I-I' of FIG. 2.
[0063] Referring to FIGS. 2 and 3, an OLED display
device 10 in an exemplary embodiment includes a substrate
110, a buffer layer 120, a driving circuit unit 130, a pixel
defining layer 190, an OLED 210, a thin film encapsulation
layer 301, a plurality of barrier ribs 450, and a planarization
layer 470.

[0064] In an exemplary embodiment, the substrate 110
may include an insulating material, e.g., glass, quartz,
ceramic, and plastic. A material forming the substrate 110
may include materials having excellent mechanical strength,
thermal stability, transparency, surface smoothness, ease of
handling, and water resistance. The substrate 110 may be
flexible, stretchable, foldable, bendable, or rollable, for
example. As the substrate 110 is flexible, stretchable, fold-
able, bendable, or rollable, the OLED display device 10 may
be flexible, stretchable, foldable, bendable, or rollable.
[0065] The buffer layer 120 is disposed on the substrate
110. The buffer layer 120 may include at least one layer
including various inorganic layers and organic layers. The
buffer layer 120 serves to prevent unnecessary substances,
e.g., impurities or moisture, from penetrating into the driv-
ing circuit unit 130 or the OLED 210, and to flatten a surface
therebelow. However, the buffer layer 120 is not necessarily
desired and may be omitted in another exemplary embodi-
ment.

[0066] The driving circuit unit 130 is disposed on the
buffer layer 120. The driving circuit unit 130 corresponds to
a portion including a plurality of thin film transistors
(“TFTs”) 20 and a capacitor 80, and drives the OLED 210.
The driving circuit unit 130 includes gate lines (GL1 to GLn
in FIG. 1) arranged along one direction, a data line 171 and
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a common power line 172 insulated from and intersecting
the gate lines. The OLED 210 emits light according to a
driving signal received from the driving circuit unit 130 to
display images.

[0067] The OLED display device 10 in an exemplary
embodiment may have a 2Tr-1Cap structure which includes,
for example, two TFTs 20 and one capacitor 80 in each pixel
PX, or may have various structures which include, for
example, three or more TFTs 20 and two or more capacitors
80 in each pixel PX.

[0068] The capacitor 80 includes first and second capaci-
tor plates 158 and 178 with an insulating interlayer 145
therebetween. In such an exemplary embodiment, the insu-
lating interlayer 145 may be a dielectric element. A capaci-
tance of the capacitor 80 is determined by electric charges
accumulated in the capacitor 80 and a voltage between the
first and second capacitor plates 158 and 178.

[0069] The TFT 20 includes a semiconductor layer 132, a
gate electrode 155, a source electrode 176, and a drain
electrode 177. The semiconductor layer 132 and the gate
electrode 155 are insulated by a gate insulating layer 140.
The TFT 20 applies, to a first pixel electrode 211, a driving
power which allows an organic light emitting layer 212 of
the OLED 210 in a selected pixel to emit light. In such an
exemplary embodiment, the gate electrode 155 is connected
to the first capacitor plate 158, each of the source electrode
176 and the second capacitor plate 178 is connected to the
common power line 172, and the drain electrode 177 is
connected to the first pixel electrode 211 of the OLED 210
through a contact hole defined in a passivation layer 146.
[0070] The passivation layer 146 is disposed on the insu-
lating interlayer 145. The passivation layer 146 includes an
insulating material, and protects the driving circuit unit 130.
In an exemplary embodiment, the passivation layer 146 may
include at least one of, for example, an acrylic resin, an
epoxy resin, a phenolic resin, a polyamide resin, a polyimide
resin, an unsaturated polyester resin, a polyphenylene resin,
a polyphenylene sulfide resin, and benzocyclobutene
(“BCB”). In addition, the passivation layer 146 may include
a material substantially the same as a material included in
the insulating interlayer 145.

[0071] The first electrode 211 is disposed on the passiva-
tion layer 146. In an exemplary embodiment, the first
electrode 211 may be a pixel electrode, and may be an
anode. The first electrode 211 has conductivity, and may be
a transmissive electrode, a transflective electrode, or a
reflective electrode.

[0072] When the first electrode 211 is a transmissive
electrode, the first electrode 211 includes a transparent
conductive oxide. In an exemplary embodiment, at least one
of, for example, indium tin oxide (“ITO”), indium zinc oxide
(“IZ0”), zinc oxide (ZnO) and indium tin zinc oxide
(“ITZO”) may be used as the transparent conductive oxide.
In an exemplary embodiment, when the first electrode 211 is
a transflective electrode or a reflective electrode, the first
electrode 211 may include at least one of, for example, Ag,
Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr and Cu.

[0073] The pixel defining layer 190 for dividing a light
emission area through which light is emitted is disposed on
the passivation layer 146. In such an exemplary embodi-
ment, the light emission area is also referred to as a pixel
area. Hereinafter, for convenience of description, the light
emission area divided by the pixel defining layer 190 is
referred to as a first region AR1, and a region except the first
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region ARI1 is referred to as a second region AR2. That is,
the first region AR1 may be defined as a region at which the
pixel defining layer 190 is not disposed, and the second
region AR2 may be defined as a region at which the pixel
defining layer 190 is disposed.

[0074] Specifically, a plurality of openings 195 corre-
sponding to the plurality of pixels PX may be defined in the
pixel defining layer 190, respectively. At least a part of the
first electrode 211 is exposed from the pixel defining layer
190 through each of the openings 195. That is, the opening
195 may be defined as a part of an area above the first
electrode 211 that does not overlap the pixel defining layer
190. In addition, a boundary where the pixel defining layer
190 contacts the first electrode 211 at the opening 195 is
defined as an edge 191 of the opening 195. Accordingly, in
a plan view, an area inside the edge 191 of the opening 195
may be referred to as the first region AR1, and an area
outside the edge 191 of the opening 195 may be referred to
as the second region AR2.

[0075] Each of the edges 191 of the plurality of openings
195 may have a shape similar to that of the first electrode 211
in a plan view. In an exemplary embodiment, each of the first
electrode 211 and the edge 191 of the opening 195 may have
a quadrangular shape in a plan view, for example, but the
invention is not limited thereto.

[0076] The pixel defining layer 190 may include a poly-
mer organic material. In an exemplary embodiment, the
pixel defining layer 190 may include at least one of, for
example, a polyimide (“PI”) resin, a polyacrylic resin, a
polyethylene terephthalate (“PET”) resin, and a polyethyl-
ene naphthalate (“PEN”) resin.

[0077] The organic light emitting layer 212 is disposed on
the first electrode 211. Specifically, the organic light emit-
ting layer 212 is disposed at the opening 195 on the first
electrode 211. Although the organic light emitting layer 212
in an exemplary embodiment is depicted as being disposed
only at the opening 195 on the first electrode 211, the
invention is not limited thereto. In another exemplary
embodiment, the organic light emitting layer 212 may be
disposed at a side wall of the pixel defining layer 190 that
defines the opening 195 or a portion above the pixel defining
layer 190.

[0078] The organic light emitting layer 212 includes a
light emitting material. In addition, the organic light emit-
ting layer 212 may include a host and a luminescent dopant.
The organic light emitting layer 212 may be manufactured
using a known material by a known method. In an exem-
plary embodiment, the organic light emitting layer 212 may
be provided by various methods, for example, vacuum
deposition, spin coating, casting, langmuir-blodgett (“LB”),
inkjet printing, laser printing, and laser induced thermal
imaging (“LITT”).

[0079] A second electrode 213 is disposed on the organic
light emitting layer 212. The second electrode 213 may be
a common electrode, and may be a cathode. The second
electrode 213 may be a transmissive electrode, a transflec-
tive electrode, or a reflective electrode.

[0080] In an exemplary embodiment, when the second
electrode 213 is a transmissive electrode, the second elec-
trode 213 may include at least one of, for example, Li, Ca,
LiF/Ca, LiF/Al, Al, Mg, BaF, Ba, Ag, and Cu. In an
exemplary embodiment, the second electrode 213 may
include a combination of Ag and Mg, for example. When the
second electrode 213 is a transflective electrode or a reflec-
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tive electrode, the second electrode 213 may include at least
one of, for example, Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr,
Li, Ca, LiF/Ca, LiF/Al, Mo, Ti and Cu, for example. In
addition, the second electrode 213 may further include a
transparent conductive layer which includes, for example,
ITO, 170, zinc oxide (Zn0O), and 1ZTO, in addition to the
transflective electrode or the reflective electrode.

[0081] Although not illustrated, at least one of a hole
injection layer (“HIL”) and a hole transport layer (“HTL™)
may be disposed between the first electrode 211 and the
organic light emitting layer 212, and at least one of an
electron transport layer (“ETL”) and an electron injection
layer (“EIL”) may be disposed between the organic light
emitting layer 212 and the second electrode 213.

[0082] When the OLED 210 is a top emission type, the
first electrode 211 may be a reflective electrode, and the
second electrode 213 may be a transmissive electrode or a
transflective electrode. When the OLED 210 is a bottom
emission type, the first electrode 211 may be a transmissive
electrode or a transflective electrode, and the second elec-
trode 213 may be a reflective electrode.

[0083] A thin film encapsulation layer 301 is disposed on
the second electrode 213 to protect the OLED 210. The thin
film encapsulation layer 301 substantially prevents an out-
side air such as moisture or oxygen from penetrating into the
OLED 210.

[0084] The thin film encapsulation layer 301 includes at
least one inorganic layer 310 and 330 and at least one
organic layer 320 that are alternately disposed. Referring to
FIG. 3, the thin film encapsulation layer 301 in an exemplary
embodiment is depicted as including two inorganic layers
310 and 330 and one organic layer 320, but the invention is
not limited thereto.

[0085] In an exemplary embodiment, the inorganic layers
310 and 330 include an inorganic material including at least
one of Al,O,, TiO,, ZrO, SiO,, AION, AIN, SiON, Si;N,,
Zn0, and Ta,0s, silicon oxides and silicon nitrides. The
inorganic layers 310 and 330 may be provided through
methods such as a chemical vapor deposition (“CVD”)
method or an atomic layer deposition (“ALD”) method.
However, the invention is not limited thereto, and the
inorganic layers 310 and 330 may be provided through
various methods known to those skilled in the pertinent art.
[0086] The organic layer 320 may include a polymer-
based material. Examples of the polymer-based material
may include, for example, an acrylic resin, an epoxy resin,
polyimide and polyethylene. The organic layer 320 may be
provided through a thermal deposition process. The thermal
deposition process for forming the organic layer 320 may be
performed in a range of temperature that may not damage
the OLED 210. However, the invention is not limited
thereto, and the organic layer 320 may be provided through
various methods known to those skilled in the pertinent art.
[0087] The inorganic layers 310 and 330 which have a
high density of thin film may substantially prevent or
efficiently reduce permeation of, mostly, moisture or oxy-
gen. Permeation of moisture and oxygen into the OLED 210
may be largely prevented by the inorganic layers 310 and
330.

[0088] Moisture and oxygen that have passed through the
inorganic layers 310 and 330 may further be blocked by the
organic layer 320. The organic layer 320 may have relatively
low permeation prevention efficiency as compared to the
inorganic layers 310 and 330. However, the organic layer
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320 may also serve as a buffer layer to reduce stress between
one of the inorganic layers 310 and 330 and another of the
inorganic layers 310 and 330, in addition to the moisture
permeation preventing function. Further, since the organic
layer 320 has planarizing characteristics, an uppermost
surface of the thin film encapsulation layer 301 may be
planarized by virtue of the organic layer 320.

[0089] The plurality of barrier ribs 450 is disposed on the
thin film encapsulation layer 301. Particularly, the plurality
of barrier ribs 450 may be disposed contacting an uppermost
inorganic layer 330 of the thin film encapsulation layer 301.
The plurality of barrier ribs 450 overlaps the pixel defining
layer 450 in a third direction D3 that is perpendicular to the
substrate 110. That is, the plurality of barrier ribs 450 may
not be disposed at the first region AR1, but may be disposed
only at the second region AR2.

[0090] Each of the plurality of barrier ribs 450 has a closed
loop shape enclosing adjacent one of the first regions AR1
in a plan view, as illustrated in FIG. 2. Although each of the
plurality of barrier ribs 450 in an exemplary embodiment is
depicted as having a substantially quadrangular shape in a
plan view, the invention is not limited thereto. In another
exemplary embodiment, each of the plurality of barrier ribs
450 may have various shapes, e.g., a substantially circular,
rhombic or octagonal shape.

[0091] In addition, the plurality of barrier ribs 450 is
disposed between two adjacent ones of the first electrodes
211, and are in the form symmetric to an imaginary straight
line SL that passes through a center of the pixel defining
layer 190 between the two adjacent ones of the first elec-
trodes 211 and is perpendicular to the substrate 110. In such
an exemplary embodiment, the imaginary straight line SL
may extend along the third direction D3 that is perpendicular
to the substrate 110, and may be a reference line that defines
line symmetry of the plurality of barrier ribs 450.

[0092] The plurality of barrier ribs 450 has a refractive
index relatively lower than a refractive index of the upper-
most inorganic layer 330 and the planarization layer 470, to
be described below, which directly contact the plurality of
barrier ribs 450. In an exemplary embodiment, the plurality
of barrier ribs 450 may have a refractive index in a range
from about 1.40 to about 1.59, for example. In an exemplary
embodiment, each of the plurality of barrier ribs 450 in an
exemplary embodiment may have a refractive index of about
1.50, for example. The plurality of barrier ribs 450 may
include a light transmissive organic material having a rela-
tively low refractive index. In an exemplary embodiment,
the plurality of barrier ribs 450 may include at least one of,
for example, an acrylic resin, a polyimide resin, a polyamide
resin, and tris(8-hydroxyquinolinato)aluminum (Alq,), for
example.

[0093] The plurality of barrier ribs 450 is disposed, in a
plan view, apart from the first region AR1 at which the first
electrode 211, the organic light emitting layer 212, and the
second electrode 213 overlap each other. In addition, each of
the plurality of barrier ribs 450 has opposite side surfaces,
and each of the opposite side surfaces has a predetermined
angle with respect to the substrate 110. That is, the plurality
of barrier ribs 450 may have a tapered shape, which will be
described in detail below.

[0094] The planarization layer 470 is disposed on the thin
film encapsulation layer 301 and the plurality of barrier ribs
450. In particular, the planarization layer 470 may contact
the uppermost inorganic layer 330 of the thin film encap-
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sulation layer 301 and the plurality of barrier ribs 450. The
planarization layer 470 may be disposed covering an entire
upper surface of the substrate 110. The planarization layer
470 may be provided sufficiently thick so that its upper
surface may be flat.

[0095] The planarization layer 470 has a refractive index
relatively higher than the refractive index of the plurality of
barrier ribs 450 that directly contacts the planarization layer
470. In an exemplary embodiment, the planarization layer
470 may have a refractive index in a range from about 1.60
to about 1.80, for example. In an exemplary embodiment,
the planarization layer 470 in an exemplary embodiment
may have a refractive index of about 1.65. The planarization
layer 470 may include a light transmissive organic material
that has a relatively high refractive index.

[0096] In addition, although not illustrated, the OLED
display device 10 in another exemplary embodiment may
further include a polarizing plate, an adhesive layer, and a
window disposed on the planarization layer 470.

[0097] As the OLED display device 10 in an exemplary
embodiment includes the plurality of barrier ribs 450 and the
planarization layer 470 disposed on the thin film encapsu-
lation layer 301, outgoing light efficiency and frontal vis-
ibility of the OLED display device 10 may be improved. In
other words, since at least a part of the light generated in the
OLED 210 is reflected according to a difference in refractive
index at an interface between the plurality of barrier ribs 450
and the planarization layer 470, light may be condensed
toward a front surface, which will be described in detail with
reference to FIG. 4.

[0098] FIG. 4 is an enlarged cross-sectional view illus-
trating area A in FIG. 3. Particularly, FIG. 4 is an enlarged
view illustrating the uppermost inorganic layer 330 of the
thin film encapsulation layer 301, the plurality of barrier ribs
450, and the planarization layer 470. Further, FIG. 4 is for
explaining reflection of light at the interface between the
plurality of barrier ribs 450 and the planarization layer 470,
and arrows in FIG. 4 represent optical paths.

[0099] Referring to FIGS. 3 and 4, a part of light L
generated in the OLED 210 may be incident with an
inclination to an upper portion of the thin film encapsulation
layer 301. In such an exemplary embodiment, when an
incidence angle of the light L incident to the planarization
layer 470 is greater than a critical angle, the incident light L
may be totally reflected at an interface between the barrier
ribs 450 and the planarization layer 470. In an exemplary
embodiment, as illustrated in FIG. 4, the OLED display
device 10 may include five barrier tibs 450a, 4505, 450c,
450d, and 450e disposed between adjacent ones of the
OLEDs 210, for example. In such an exemplary embodi-
ment, the light [ incident to the planarization layer 470 that
has a relatively high refractive index may advance toward at
least a part (e.g., barrier ribs 450¢ and 450e) of the plurality
of barrier ribs 450a, 4505, 450¢, 4504, and 450e that have
arelatively low refractive index. Further, when the incidence
angle of the incident light L is greater than the critical angle,
the light T may be totally reflected at the interface between
the barrier ribs 450¢ and 450e and the planarization layer
470.

[0100] In order to totally reflect the light L incident
through the planarization layer 470A to the plurality of
barrier ribs 450, the taper angle 61 of the plurality of barrier
ribs 450 may be determined according to the following
Inequality 1.
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1 . Tnequality 1
asind(n—z]501<90 [nequality 1]
n

[0101] (nl1 denotes refractive index of the plurality of
barrier ribs, n2 denotes refractive index of the planarization
layer, and 81 denotes taper angle of the plurality of barrier
ribs)

[0102] In an exemplary embodiment, when the refractive
index of the plurality of barrier ribs 450 is 1.50 and the
refractive index of the planarization layer 470 is 1.65, each
of the taper angles 81 of the plurality of barrier ribs 450 may
be about 65.38 degrees (a sin d(1.5/1.65)) or more and less
than about 90 degrees, for example. In other words, the
interface between the plurality of barrier ribs 450 and the
planarization layer 470 may define an angle 61 of about
65.38 degrees or more and less than about 90 degrees. In
other words, each of side surfaces of the plurality of barrier
ribs 450 may form an angle 01 of about 65.38 degrees or
more and less than about 90 degrees in a cross-sectional
view with the inorganic layer 330 at which the plurality of
barrier ribs 450 are disposed.

[0103] That is, in the OLED display device 10 in an
exemplary embodiment, the light incident to a barrier rib
450 having a substantially low refractive index through the
planarization layer 470 is totally reflected and emitted
toward the front surface of the OLED display device 10, and
the outgoing light efficiency and front visibility of the OLED
display device 10 may be improved.

[0104] In addition, the plurality of barrier ribs 450 in an
exemplary embodiment is disposed at the second region
AR2 to be spaced apart from the first region AR1 in a plan
view. That is, the plurality of barrier ribs 450 are disposed
apart from the edge 191 of the opening 195 of the pixel
defining layer 190. In an exemplary embodiment, as illus-
trated in FIG. 3, a horizontal gap g between the first region
ARI1 and one of the barrier ribs 450 that is adjacent thereto
may be in a range from about 0.5 micrometer (um) to about
3.0 um in a plan view, for example. In addition, a thickness
T1 of each of the plurality of barrier ribs 450 may be in a
range from about 4.0 pm to about 8.0 pum, which will be
described in detail with reference to FIGS. 5 and 6.

[0105] FIG. 5 is a graph illustrating an increase rate of
frontal efficiency according to the horizontal distance g
between the first region AR1 and the barrier rib 450 of the
OLED display device 10 in an exemplary embodiment, and
FIG. 6 is a graph illustrating an increase rate of frontal
efficiency according to the thickness of the barrier rib 450 of
the OLED display device 10 in an exemplary embodiment.
As used herein, the increase rate of frontal efficiency means
arate of an increase in an amount of light emitted toward the
front surface of the OLED display device 10.

[0106] Referring to FIGS. 3. 4, and 5, it is appreciated that
as the horizontal gap g between the barrier rib 450 and the
first region AR1 through which the OLED 210 emits light L
increases, the increase rate of frontal efficiency gradually
increases and then decreases again at a certain point. As used
herein, the horizontal gap g is a horizontal distance between
the first region AR1 and a barrier rib (for example, 450¢ in
FIG. 4) of the plurality of barrier ribs 450 that is closest to
the first region AR1, and means a shortest horizontal dis-
tance between the first region AR1 and the plurality of
barrier ribs 450.
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[0107] As illustrated in FIG. 5, maximum points in
increase rates of frontal efficiencies of red light, green light
and blue light according to the horizontal gap g are different
from each other. With respect to the white light, when the
horizontal gap g between the first region AR1 representing
white W and the barrier rib 450 is about 1.5 um, the increase
rate of frontal efficiency is about 40%, which is the highest.
It may also be appreciated that when the horizontal gap g
between the first region AR1 and the barrier rib 450 is about
0.5 um or more and about 3 um or less, the increase rate of
frontal efficiency is about 30% or more. Accordingly, the
horizontal gap g between the first region AR1 and the barrier
rib 450 in an exemplary embodiment may be in a range from
about 0.5 pm to about 3 um. More preferably, the horizontal
gap g between the first region AR1 and the barrier rib 450
may be about 1.5 pm, for example.

[0108] However, the invention is not limited thereto, and
since the maximum points in increase rates of frontal
efficiencies of the red light, the green light, and the blue light
according to the horizontal gap g are different from each
other, pixels representing different colors may be spaced
apart from corresponding ones of the barrier ribs 450 by
different gaps, respectively. In an exemplary embodiment,
since the increase rate of frontal efficiency has a maximum
value when the horizontal gap g between the first region
ARI representing green G and the barrier rib 450 is about
1.5 pm, and since the increase rate of frontal efficiency has
a maximum value, as the horizontal gap g between the first
region AR1 representing red R or blue B and the barrier rib
450 decreases, the horizontal gap g between the first region
ARI1 representing green G and the barrier rib 450 may be
about 1.5 um, and the horizontal gap g between the first
region AR1 representing red R or blue B and the barrier rib
450 may be about 0.5 um, for example.

[0109] Referring to FIGS. 3,4 and 6, it may be appreciated
that as the thickness T1 of the barrier rib 450 increases, the
increase rate of frontal efficiency gradually increases, and
then decreases again at a certain point. Although the plural-
ity of barrier ribs 450 in an exemplary embodiment is
depicted as having a substantially same thickness T1, the
invention is not limited thereto. In another exemplary
embodiment, the plurality of barrier ribs 450 may have
thicknesses different from each other.

[0110] As illustrated in FIG. 6, maximum points in
increase rates of frontal efficiencies of the red light, the green
light, and the blue light according to the thickness T1 of the
barrier rib 450 are different from each other. With respect to
the white light, it may be appreciated that when the thickness
T1 of the barrier rib 450 is about 5 pum, the increase rate of
frontal efficiency is about 40 percent (%), which is the
highest. In addition, it may also be appreciated that when the
thickness T1 of the barrier rib 450 is about 4 pm or more and
about 8 um or less, the increase rate of frontal efficiency is
about 30% or more. Accordingly, the thickness T1 of the
barrier rib 450 in an exemplary embodiment may be in a
range from about 4 um to about 8 More preferably, the
thickness T1 of the barrier rib 450 may be about 5 pm.
[0111] As described above, in an exemplary embodiment,
the horizontal gap g between the first region AR1 and the
barrier ribs 450 and the thickness T1 of the barrier ribs 450
are each optimized, the outgoing light efliciency and front
visibility of the OLED display device 10 may be improved.
[0112] Hereinafter, another exemplary embodiment will
be described with reference to FIG. 7. The description of the
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same configuration as that of an exemplary embodiment of
the invention will be omitted for the convenience of expla-
nation.

[0113] FIG. 7 is a cross-sectional view of another exem-
plary embodiment corresponding to area A in FIG. 3.
Particularly, FIG. 7 is a view enlarging an upper most
inorganic layer 330 of a thin film encapsulation layer 301, a
plurality of barrier ribs 450a, 4505, 450¢, 450d, and 450e,
and a planarization layer 470.

[0114] Referring to FIG. 7, at least a part (e.g., barrier ribs
450a, 4505, 4504, and 450¢) of the plurality of barrier ribs
450a, 4505, 450¢, 4504, and 450¢ in another exemplary
embodiment may have a non-isosceles trapezoidal shape in
a cross-sectional view.

[0115] More specifically, each of the plurality of barrier
ribs 450a, 4505, 450c, 450d, and 450e has opposite side
surfaces S1 and S2, and the opposite side surfaces S1 and S2
have predetermined angles 62 and 63, respectively, with
respect to the substrate 110. In another exemplary embodi-
ment, opposite side surfaces S1 and S2 of a part (e.g., barrier
ribs 450a, 4505, 4504, and 450¢) of the plurality of barrier
ribs 450a, 4505, 450c¢, 4504, and 450e, except the barrier rib
450¢ located at a center portion, respectively have inclina-
tion angles 62 and 03, with respect to the substrate 110,
which are different from each other.

[0116] Inan exemplary embodiment, an angle 62 between
the substrate 110 and one side surface S1, adjacent to an
adjacent one of the first regions AR1, of opposite side
surfaces S1 and S2 of each of the barrier ribs 450a, 4505,
4504, and 450e that have a non-isosceles trapezoidal shape
may be less than an angle 63 between the other side surface
S2 and the substrate 110, for example. However, the inven-
tion is not limited thereto, and the angle 62 between the
substrate 110 and one side surface S1 that is adjacent to the
first region AR1 may be greater than the angle 63 between
the substrate 110 and the other side surface S2.

[0117] Total reflection may substantially occur at an inter-
face between the planarization layer 470 and one side
surface S1, adjacent to the first region AR1 emitting light, of
opposite side surfaces S1 and S2 of each of the plurality of
barrier ribs 450a, 4505, 450c, 450d, and 450e that have a
trapezoidal shape. Accordingly, the angle 62 between the
substrate 110 and one side surface S1, adjacent to the first
region AR1, of opposite side surfaces S1 and S2 of each of
the plurality of barrier ribs 450a, 4505, 450¢, 4504, and 450¢
that have a trapezoidal shape may be determined according
to the above Inequality 1.

[0118] However, the barrier rib 450¢ located at the center
portion may have an isosceles trapezoidal shape in a cross-
sectional view. That is, opposite side surfaces of the barrier
rib 450¢ located at the center portion may have a substan-
tially same angle 02 with respect to the substrate 110.

[0119] In addition, the plurality of barrier ribs 450a, 4508,
450¢, 4504, and 450¢ disposed at the second region AR2 is
in the form that they are symmetric with respect to an
imaginary straight line SL that passes through a center of a
pixel defining layer 190 (refer to FIG. 3) between two
adjacent ones of first electrodes 211 and is perpendicular to
the substrate 110. In such an exemplary embodiment, the
imaginary straight line SL may extend along the third
direction D3 perpendicular to the substrate 110 and may be
a reference line that defines line symmetry of the plurality of
barrier ribs 450.
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[0120] Hereinafter, another exemplary embodiment will
be described with reference to FIG. 8. The description of the
same configuration as that of an exemplary embodiment of
the invention will be omitted for the convenience of expla-
nation.

[0121] FIG. 8 is a cross-sectional view of another exem-
plary embodiment corresponding to area A in FIG. 3.
Particularly, FIG. 8 is a view enlarging an upper most
inorganic layer 330 of a thin film encapsulation layer 301, a
plurality of barrier ribs 450a, 4505, 450¢, 4504, 450¢, and
450f, and a planarization layer 470.

[0122] Referring to FIG. 8, the plurality of barrier ribs
450a, 4505, 450c, 4504, 450¢ and 450fin another exemplary
embodiment may include an even number of barrier ribs
450a, 4505, 450¢, 4504, 450¢ and 450f, dissimilar to an
exemplary embodiment of the invention including an odd
number of barrier ribs 450a, 4505, 450¢, 4504, and 450e.

[0123] The plurality of barrier ribs 450a, 4505, 450c,
450d, 450e, and 450 disposed at a second region AR2 are
in the form that they are symmetric with respect to an
imaginary straight line SL that passes through a center of a
pixel defining layer 190 between two adjacent ones of first
electrodes 211 and is perpendicular to a substrate 110. In
such an exemplary embodiment, the imaginary straight line
SL may extend along the third direction D3 perpendicular to
the substrate 110 and may be a reference line that defines
line symmetry of the plurality of barrier ribs 450.

[0124] The barrier ribs 450a, 4505, 450¢, 4504, 450e, and
450f, 1.e., even number of the barriers, in another exemplary
embodiment are not all located on the imaginary straight line
SL that passes through the center of the pixel defining layer
190.

[0125] Hereinafter, another exemplary embodiment will
be described with reference to F1G. 9. The description of the
same configuration as that of an exemplary embodiment of
the invention will be omitted for the convenience of expla-
nation.

[0126] FIG. 9 is a plan view schematically illustrating
another exemplary embodiment of a plurality of pixels.

[0127] Referring to FIG. 9, a plurality of pixels R, G, and
B in another exemplary embodiment may include a red pixel
R for emitting red, a green pixel G for emitting green, and
a blue pixel B for emitting blue. In such an exemplary
embodiment, a red light emitting element (e.g., OLED) 210
of the red pixel R includes a red light emitting layer, a green
light emitting element 210 of the green pixel G includes a
green light emitting layer, and a blue light emitting element
210 of the blue pixel B includes a blue light emitting layer.
However, the invention is not limited thereto, and the
plurality of pixels PX may include pixels emitting other
colors, for example, cyan, magenta, and yellow.

[0128] Insuch an exemplary embodiment, the red pixel R,
the green pixel G and the blue pixel B may include a red
light emission area AR1_r, a green light emission area
AR1_g and a blue light emission area AR1_b, respectively,
which are divided by a pixel defining layer. In an exemplary
embodiment, as illustrated in FIG. 9, each of the red light
emission area AR1_r, the green light emission area AR1_g,
and the blue light emission area AR1_b may have an
octagonal shape similar to a rhombus in a plan view, for
example. In addition, each of the red light emission area
ARI1_r and the blue light emission area AR1_b may have an

Jun. 18, 2020

area larger than an area of the green light emission area
AR1_g in a plan view, but the invention is not limited
thereto.

[0129] In addition, the plurality of pixels R, G, and B in an
exemplary embodiment may have a pentile structure. In an
exemplary embodiment, as illustrated in FIG. 9, the green
light emission areas AR1_g may be located apart from each
other at a predetermined distance in an N-th row, and the red
light emission areas AR1_r and the blue light emission areas
AR1_b may be alternately located in an (N+1)-th row that is
adjacent to the N-th row, for example. Similarly, the green
light emission areas AR1_g may be located apart from each
other at a predetermined distance in an (N+2)-th row that is
adjacent to the (N+1)-th row, and the blue light emission
areas AR1_b and the red light emission areas AR1_r may be
alternately located in an (N+3)-th row that is adjacent to the
(N+2)-th row.

[0130] In addition, the plurality of green light emission
areas AR1_g arranged in the N-th row may be alternately
disposed with the red light emission areas AR1_r and the
blue light emission areas AR1_b arranged in the (N+1)-th
row. In an exemplary embodiment, the red light emission
areas AR1_r and the blue light emission areas AR1_b may
be alternately located in an M-th column, and the green light
emission areas AR1_g may be located apart from each other
at a predetermined distance in an (M+1)-th column that is
adjacent to the M-th column, for example. Similarly, the
blue light emission areas AR1_b and the red light emission
areas AR1_r may be alternately located in an (M+2)-th
column that is adjacent to the (M+1)-th column, and the
green light emission areas AR1_g may be located apart from
each other at a predetermined distance in an (M+3)-th
column that is adjacent to the (M+2)-th column. The
arrangement of the plurality of pixels R, G, B is not limited
thereto, and may be variously modified.

[0131] Hereinafter, another exemplary embodiment will
be described with reference to FIG. 10. The description of
the same configuration as that of an exemplary embodiment
of the invention will be omitted for the convenience of
explanation.

[0132] FIG. 10 is a cross-sectional view illustrating
another exemplary embodiment of an OLED display device.
[0133] Referring to FIG. 10, as compared to the OLED
display device 10 in an exemplary embodiment, an OLED
display device in another exemplary embodiment further
includes a scattering layer 460 overlapping a pixel defining
layer 190 between a plurality of barrier ribs 450.

[0134] The scattering layer 460 may include a resin
including a scatterer 465. The scatterer 465 is not particu-
larly limited as long as it is commonly used, but in an
exemplary embodiment, may include at least one of, for
example, TiO,, SiO, and ZnO.

[0135] The scatterer 465 scatters light incident to the
scattering layer 460, thereby improving outgoing light effi-
ciency and substantially minimizing color deviation accord-
ing to a viewing angle. Specifically, the scatterer 465 has a
refractive index different from a refractive index of the resin
of the scattering layer 460. Accordingly, light passing
through the scatterer 465 of the scattering layer 460 is
refracted and scattered such that the outgoing light efficiency
may be improved and the color deviation according to the
viewing angle may be reduced. In an exemplary embodi-
ment, a difference in refractive index between the resin of
the scattering layer 460 and the scatterer 465 may be in a
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range from about 0.01 to about 0.20, for example, but the
invention is not limited thereto.

[0136] The content, size, and shape, for example, of the
scatterer 465 are not particularly limited and may be appro-
priately selected in consideration of the resin of the scatter-
ing layer 460 and the characteristics of the incident light. In
an exemplary embodiment, when the scatterer 465 is spheri-
cal in shape, the scatterer 465 may have a diameter of about
1000 nanometers (nm) (i.e., 1 um) which is about 0.1 to 5
times a wavelength (nm) of the incident light, and accord-
ingly, scattering efficiency of visible light may be improved,
for example. In addition, the scatterer 465 may include a
core and a shell. When the scatterer 465 includes a core and
a shell, a refractive index of the scatterer 465 may be easily
adjusted to a desired value.

[0137] The scattering layer 460 may have a thickness T2
less than a thickness T1 of the barrier rib 450. When the
scattering layer 460 has a large thickness, the scatterer 465
included in the scattering layer 460 reflects external light,
thereby reducing a contrast ratio of the OLED display
device. Specifically, since the barrier rib 450 has a thickness
in a range from about 4 pm to about 8 um, the scattering
layer 460 may have a thickness T2 in a range from about 1
um to about 8 um, for example.

[0138] As the OLED display device in another exemplary
embodiment further includes the scattering layer 460 over-
lapping a pixel defining layer 190 between the plurality of
barrier ribs 450, the OLED display device may improve
outgoing light efficiency and substantially minimize color
deviation according to the viewing angle.

[0139] Hereinafter, another exemplary embodiment will
be described with reference to FIG. 11. The description of
the same configuration as that of an exemplary embodiment
of the invention will be omitted for the convenience of
explanation.

[0140] FIG. 11 is a cross-sectional view illustrating
another exemplary embodiment of an OLED display device.
[0141] Referring to FIG. 11, as compared to the OLED
display device 10 in an exemplary embodiment, an OLED
display device in another exemplary embodiment further
includes a color conversion layer 490 disposed between a
thin film encapsulation layer 301 and a planarization layer
470.

[0142] The color conversion layer 490 may be a color
filter. The color conversion layer 490, which is a color filter,
may transmit light having a predetermined wavelength, and
may absorb light having a wavelength other than the pre-
determined wavelength. In an exemplary embodiment, the
color filter may include a red color filter overlapping a red
organic light emitting layer, a green color filter overlapping
a green organic light emitting layer, and a blue color filter
overlapping a blue organic light emitting layer, for example.
[0143] The color conversion layer 490 may include a
phosphor. The color conversion layer 490 including the
phosphor may convert a wavelength of an incident light to
generate a light having a wavelength different from the
wavelength of the incident light. A phosphor is a substance
that emits fluorescence when light or radiation is incident
thereto, and emits a light having an inherent wavelength of
the phosphor. In addition, the phosphor emits light to the
entire area regardless of the direction of the light or radiation
incident thereto. In an exemplary embodiment, quantum
dots may be used as the phosphor, for example. In such an
exemplary embodiment, the quantum dot may have at least
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one shape of, e.g., a rod, a pyramid, a multi-arm, a cubic
nanoparticle, a nanotube, a nanowire, a nanofiber, and a
nanoplate particle, other than a spherical shape.

[0144] In addition, a light blocking layer 495 may be
disposed between the plurality of color conversion layers
490. The light blocking layer 495 may overlap one of a
plurality of barrier ribs 450 located at a center portion, but
the invention is not limited thereto.

[0145] The OLED display device in another exemplary
embodiment may further improve color purity, thus improv-
ing display quality, by including the color conversion layer
490 disposed between the thin film encapsulation layer 301
and the planarization layer 470.

[0146] As set forth hereinabove, an OLED display device
in one or more exemplary embodiments of the invention
may improve outgoing light efficiency and frontal visibility
by including a plurality of barrier ribs and a planarization
layer.

[0147] While the invention has been illustrated and
described with reference to the exemplary embodiments
thereof, it will be apparent to those of ordinary skill in the
art that various changes in form and detail may be made
thereto without departing from the spirit and scope of the
invention.

What is claimed is:

1. An organic light emitting display device comprising:

a substrate;

a plurality of first electrodes disposed on the substrate;

a pixel defining layer disposed on the substrate and
exposing at least a part of the plurality of first elec-
trodes;

a second electrode disposed on the plurality of first
electrodes and the pixel defining layer;

an organic light emitting layer disposed between the
plurality of first electrodes and the second electrode;

a thin film encapsulation layer disposed on the second
electrode;

a plurality of barrier ribs disposed on the thin film
encapsulation layer and overlapping the pixel defining
layer between two adjacent ones of the plurality of first
electrodes; and

a planarization layer disposed on the thin film encapsu-
lation layer and the plurality of barrier ribs, and having
a refractive index higher than that of the plurality of
barrier ribs,

wherein each of the plurality of barrier ribs has a closed
loop shape which encloses one of the two adjacent ones
of the plurality of first electrodes in a plan view.

2. The organic light emitting display device of claim 1,
wherein the plurality of barrier ribs does not overlap the
plurality of first electrodes.

3. The organic light emitting display device of claim 1,
further comprising a scattering layer overlapping the pixel
defining layer between the plurality of barrier ribs.

4. The organic light emitting display device of claim 3,
wherein the scattering layer has a thickness less than a
thickness of each of the plurality of barrier ribs.

5. The organic light emitting display device of claim 3,
wherein the scattering layer has a thickness in a range from
about 1 micrometer to about 8 micrometers.

6. The organic light emitting display device of claim 1,
wherein each of the plurality of barrier ribs has an isosceles
trapezoidal shape in a cross-sectional view.
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7. The organic light emitting display device of claim 1,
wherein at least a part of the plurality of barrier ribs each has
a non-isosceles trapezoidal shape in a cross-sectional view.

8. The organic light emitting display device of claim 1,
further comprising a color conversion layer disposed
between the thin film encapsulation layer and the planariza-
tion layer.

9. The organic light emitting display device of claim 1,
wherein the plurality of barrier ribs is linearly symmetric
with respect to an imaginary straight line which passes
through a center of the pixel defining layer between the two
adjacent ones of the plurality of first electrodes and is
perpendicular to the substrate.

10. The organic light emitting display device of claim 1,
comprising a light emission area which is divided by the
pixel defining layer and through which light generated from
the organic light emitting layer is emitted,

wherein the plurality of barrier ribs is disposed apart from

the light emission area in the plan view.

11. The organic light emitting display device of claim 10,
wherein a shortest horizontal distance between the light
emission area and one of the plurality of barrier ribs which
is disposed adjacent to the light emission area is in a range
from about 0.5 micrometer to about 3.0 micrometers.

12. The organic light emitting display device of claim 1,
wherein each of the plurality of barrier ribs has a thickness
in a range from about 4.0 micrometers to about 8.0 microm-
eters.

13. An organic light emitting display device comprising:

a substrate;

a plurality of first electrodes disposed on the substrate;

a pixel defining layer disposed on the substrate and

exposing at least a part of the plurality of first elec-
trodes;

a second electrode disposed on the plurality of first

electrodes and the pixel defining layer;

an organic light emitting layer disposed between the

plurality of first electrodes and the second electrode;
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a thin film encapsulation layer disposed on the second
electrode;

a plurality of barrier ribs disposed on the thin film
encapsulation layer and overlapping the pixel defining
layer between two adjacent ones of the plurality of first
electrodes;

a scattering layer overlapping the pixel defining layer
between the plurality of barrier ribs; and

a planarization layer disposed on the thin film encapsu-
lation layer, the plurality of barrier ribs, and the scat-
tering layer, and having a refractive index higher than
that of the plurality of barrier ribs.

14. The organic light emitting display device of claim 13,
wherein the scattering layer has a thickness less than a
thickness of each of the plurality of barrier ribs.

15. The organic light emitting display device of claim 13,
wherein the scattering layer has a thickness in a range from
about 1 micrometer to about 8 micrometers.

16. The organic light emitting display device of claim 13,
wherein each of the plurality of barrier ribs has a closed loop
shape which encloses one of the two adjacent ones of the
plurality of first electrodes in a plan view.

17. The organic light emitting display device of claim 13,
wherein the plurality of barrier ribs is linearly symmetric
with respect to an imaginary straight line which passes
through a center of the pixel defining layer between the two
adjacent ones of the plurality of first electrodes and is
perpendicular to the substrate.

18. The organic light emitting display device of claim 13,
wherein the plurality of barrier ribs does not overlap the
plurality of first electrodes.

19. The organic light emitting display device of claim 13,
wherein each of the plurality of barrier ribs has an isosceles
trapezoidal shape in a cross-sectional view.

20. The organic light emitting display device of claim 13,
wherein at least a part of the plurality of barrier ribs each has
a non-isosceles trapezoidal shape in a cross-sectional view.
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