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ORGANIC LIGHT-EMITTING DISPLAY
APPARATUS AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2012-0131941, filed on
Nov. 20, 2012 in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein by reference in its
entirety.

BACKGROUND

[0002] 1.Field

[0003] The described technology generally relates to an
organic light-emitting display apparatus and a method of
manufacturing the same, and more particularly, to an organic
light-emitting display apparatus including a light scattering
layer.

[0004] 2. Description of the Related Technology

[0005] Generally, an organic light-emitting diode (OLED)
has a structure wherein an organic light-emitting layer in a
thin film shape is located between an anode (positive elec-
trode) and a cathode (negative electrode). The OLED emits
light due to holes injected from the anode and electrons
injected from the cathode recombining in the organic light-
emitting layer.

[0006] An OLED may be classified according to driving
methods into a passive matrix (PM) type having a passive
driving method, and an active matrix (AM) type having an
active driving method. In a PM type OLED (PM-OLED), the
anodes and the cathodes are respectively arranged in columns
and rows and a scan signal may be supplied from a row
driving circuit to the cathode, which causes selection of one of
the rows. Also, a data signal may be input to each pixel of a
column driving circuit. In contrast, an active matrix type
OLED (AM-OLED) may control a signal input to each pixel
by using a thin film transistor, and an AM-OLED may be used
as adisplay apparatus for applications of displaying a moving
image since the AM-OLED is suitable for processing a large
amount of signals.

[0007] A top-emission type red, green, and blue (RGB)
independent deposition method may be used to manufacture
an AM-OLED having low power consumption and high
bright room contrast ratio (CR) characteristics. According to
the RGB independent deposition method, patterning may be
configured according to colors by using a minute metal mask.
However, it is difficult to control an RGB independent depo-
sition method for a large AM-OLED due to issues with pre-
cision while arranging the minute metal masks andalso due to
a deflection phenomenon generated by using a large mask
size. In contrast, an inkjet method, one of methods of forming
RGB independent emissive layers, may use a large substrate,
but material characteristics need to be pre-obtained since
characteristics of a soluble material is currently worse than
characteristics of a deposition material. Also, a laser induced
thermal imaging (LITT) method that independently transfers
an emissive layer formed on a donor film by using laser beam
may be used, but a lifespan of the OLED may be low.

[0008] A white OLED-color filter (WOLED-CF) method,
wherein a color filter is employed for WOLED, has come into
the spotlight because of process efficiency and yield rates.
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The WOLED-CF method uses the color filter for color pat-
terning, and applies an overcoat layer for planarization.

SUMMARY

[0009] The present embodiments provide an organic light-
emitting display apparatus and a method of manufacturing
the same. In some embodiments, the apparatus provides opti-
mized luminance characteristics and light utility efficiency,
improved viewing angle, and prevention of light-leaking phe-
nomenon during operation.

[0010] Some embodiments provide an organic light-emit-
ting display apparatus including: a substrate; at least one
color filter formed on the substrate; an overcoat layer cover-
ing the at least one color filter; a first passivation layer formed
on the overcoat layer; a light scattering layer formed on the
first passivation layer; a first electrode formed on the light
scattering layer; a second electrode facing the first electrode;
and an organic layer located between the first and second
electrodes.

[0011] In some embodiments, the organic light-emitting
display apparatus may further include a second passivation
layer between the light scattering layer and the first electrode.
[0012] In some embodiments, the organic light-emitting
display apparatus may further include a protection layer
located between the substrate and the at least one color filter.
[0013] In some embodiments, the at least one color filter
may be any one of a red filter, a green filter, and a blue filter.
[0014] In some embodiments, the organic light-emitting
display apparatus may further include a pixel-define layer
composed of a pixel region and a non-pixel region, on the
second passivation layer.

[0015] Insome embodiments, the first and second passiva-
tion layers may include a composition including silicon oxide
or silicon nitride. In some embodiments, the silicon oxide-
based layer may include a composition represented by the
formula SiO_, and an x value may be from about 0.1 to about
2. In some embodiments, the silicon oxide-based layer may
include a composition represented by formula SiN_, and an x
value may be from about 0.1 to about 2.

[0016] Insome embodiments, a thickness of the light scat-
tering layer may be from 1 nm to 100 nm.

[0017] Insomeembodiments, thelight scattering layer may
include a high refractive metal oxide.

[0018] Insomeembodiments, thelight scattering layer may
be formed of at least one material selected from the group
consisting of niobium pentoxide (Nb,Oy), zinc oxide (ZnO),
copper oxide (CuQ), and indium gallium zinc oxide (In-
GaZnO,).

[0019] Some embodiments provide a method of manufac-
turing an organic light-emitting display apparatus, the
method including: providing a substrate; forming at least one
color filter on the substrate; forming an overcoat layer cover-
ing the color filter; forming a first passivation layer on the
overcoat layer; forming a light scattering layer on the first
passivation layer; forming a first electrode on the light scat-
tering layer; forming an organic layer on the first electrode;
and forming a second electrode on the organic layer.

[0020] In some embodiments, the method may further
include forming a protection layer on the substrate, between
the providing of the substrate and forming of the at least one
color filter.

[0021] In some embodiments, the method may further
include forming a pixel-define layer on the second passiva-
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tion layer composed of a pixel region and a non-pixel region,
after forming the first electrode and before forming the
organic layer.

[0022] In some embodiments, the forming of the first pas-
sivation layer may include forming the first passivation layer
by using a silicon oxide-based layer or a silicon nitride-based
layer. In some embodiments, the silicon oxide-based layer
may include a composition represented by the formula SiO,,
and an x value may be from about 0.1 to about 2. In some
embodiments, the silicon oxide-based layer may include a
composition represented by formula SiN_, and an x value may
be from about 0.1 to about 2.

[0023] In some embodiments, the forming of the light scat-
tering layer may include forming the light scattering layer to
have a thickness from 1 nm to 100 nm.

[0024] In some embodiments, the forming of the light scat-
tering layer may include forming the light scattering layer by
using a high refractive metal oxide.

[0025] In some embodiments, the forming of the light scat-
tering layer may include forming the light scattering layer by
using at least one material selected from the group consisting
of niobium pentoxide (Nb,Os), zinc oxide (ZnO), copper
oxide (Cu0), and indium gallium zinc oxide (InGaZnO,,).
[0026] In some embodiments, the forming of the light scat-
tering layer may include forming the light scattering layer via
a chemical deposition method or a sputtering method.
[0027] In some embodiments, the method may further
include forming a second passivation layer on the light scat-
tering layer between the forming of the light scattering layer
and the forming of the first electrode.

[0028] Insome embodiments, the second passivation layer
may be formed of an SiOx-based layer or an SiNx-based
layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The above and other features and advantages of the
present embodiments will become more apparent by describ-
ing in detail exemplary embodiments thereof with reference
to the attached drawings in which:

[0030] FIG. 1 is a circuit diagram of a pixel circuit of one
pixel of an active matrix type organic light-emitting display
apparatus, according to an embodiment;

[0031] FIG. 2 is a cross-sectional view schematically illus-
trating three neighboring pixels of an organic light-emitting
display apparatus according to an embodiment, which real-
izes a circuit of FIG. 1,

[0032] FIG. 3isa cross-sectional view schematically illus-
trating a driving circuit of FIG. 2;

[0033] FIG. 41sa cross-sectional view schematically illus-
trating three neighboring pixels of an organic light-emitting
display apparatus according to another embodiment, which
realizes the circuit of FIG. 1;

[0034] FIG. 51sa cross-sectional view schematically illus-
trating three neighboring pixels of an organic light-emitting
display apparatus according to another embodiment, which
realizes the circuit of FIG. 1; and

[0035] FIGS. 6A through 6H are cross-sectional views for
describing a method of manufacturing an organic light-emit-
ting display apparatus according to another embodiment,
which realizes the circuit of FIG. 1, wherein

[0036] FIG. 6A is a cross-sectional view illustrating a state
after a substrate is provided,

[0037] FIG. 6B is a cross-sectional view illustrating a state
after a protection layer is formed on the substrate of FIG. 6 A;
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[0038] FIG. 6C is a cross-sectional view illustrating a state
after at least one color filter is formed on the passivation layer
of FIG. 6B;

[0039] FIG. 6D is a cross-sectional view illustrating a state
after an overcoat layer covering the color filter of FIG. 6C is
formed;

[0040] FIG. 6E is a cross-sectional view illustrating a state
after a first passivation layer is formed on the overcoat layer of
FIG. 6D;

[0041] FIG. 6F is a cross-sectional view illustrating a state
after a light scattering layer is formed on the first passivation
layer of FIG. 6E;

[0042] FIG. 6G is a cross-sectional view illustrating a state
after a second passivation layer is formed on the light scat-
tering layer of FIG. 6F; and

[0043] FIG. 6H is a cross-sectional view illustrating a state
after a pixel-define layer that classifies a pixel region and a
non-pixel region, a first electrode, an organic layer, and a
second electrode are formed on the second passivation layer
of FIG. 6G.

DETAILED DESCRIPTION

[0044] Hereinafter, the present disclosure will be described
in more detail with reference to embodiments illustrated in
the accompanying drawings. The scope of the present disclo-
sure is not limited to drawings or embodiments described
below. Exemplary embodiments to be described below and
illustrated in the drawings may include various equivalences
and modifications. It will be appreciated that all changes,
equivalents, and substitutes that do not depart from the spirit
and technical scope of the present disclosure are encom-
passed in the present embodiments.

[0045] While such terms as “first,” “second,” etc., may be
used to describe various components, such components must
not be limited to the above terms. The above terms are used
only to distinguish one component from another.

[0046] The terms used in the present specification are
merely used to describe particular embodiments, and are not
intended to limit the present disclosure. An expression used in
the singular encompasses the expression of the plural, unless
ithas a clearly different meaning in the context. In the present
specification, it is to be understood that the terms such as
“including” or “having,” etc., are intended to indicate the
existence of the features, numbers, steps, actions, compo-
nents, parts, or combinations thereof disclosed in the speci-
fication, and are not intended to preclude the possibility that
one or more other features, numbers, steps, actions, compo-
nents, parts, or combinations thereof may exist or may be
added.

[0047] 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 alist of
elements, modify the entire list of elements and do not modify
the individual elements of the list.

[0048] Hereinafter, exemplary embodiments of the present
disclosure will be described in detail with reference to accom-
panying drawings.

[0049] FIG. 1is a circuit diagram of a pixel circuit of one
pixel of an active matrix type organic light-emitting display
apparatus, according to an embodiment of the present inven-
tion.

[0050] Referring to FIG. 1, the organic light-emitting dis-
play apparatus according to an embodiment is connected to a



US 2014/0138630 A1

plurality of signal lines and includes a plurality of pixels
arranged in an approximate matrix shape, wherein each pixel
includes a pixel circuit PC.

[0051] Each pixel includes a data line DATA, a scan line
SCAN, and a power supply line Vdd that is a driving power
supply of an organic light-emitting diode (OLED). The pixel
circuit PC is electrically connected to the data line DATA, the
scan line SCAN, and the power supply line Vdd, and controls
light-emission of the OLED.

[0052] Each pixel includes at least two thin film transistors
(TFTs) including a switching TFT M2 and a driving TFT M1,
a capacitor unit Cst, and the OLED.

[0053] In some embodiments, the switching TFT M2 may
be turned on or off by a scan signal applied to the scan line
SCAN so as to transfer a data signal applied to the data line
DATA to the capacitor unit Cst and the driving TFT M1. A
switching device is not limited to the switching TFT M2 of
FIG. 1, and may be a switching circuit including a plurality of
TFTs and a capacitor, or may further include a circuit for
compensating for a Vth value of the driving TFT M1 or a
voltage drop of the power supply line Vdd.

[0054] In some embodiments, the driving TFT M1 deter-
mines an amount of current flowing to the OLED according to
the data signal transmitted through the switching TFT M2.
[0055] Insome embodiments, the capacitor unit Cst stores
the data signal transmitted through the switching TFT M2 for
one frame.

[0056] In FIG. 1, the driving TFT M1 and the switching
TFT M2 may be p-channel metal oxide semiconductor
(PMOS) TFTs, but alternatively, at least one of the driving
TFT M1 and the switching TFT M2 may be an NMOS TFT.
Also, the numbers of the TFTs and capacitor units are not
limited to the described embodiment, and more numbers
thereof may be included.

[0057] FIG. 2is a cross-sectional view schematically illus-
trating three neighboring pixels of an organic light-emitting
display apparatus according to an embodiment, which real-
izes a circuit of FIG. 1. FIG. 3 is a cross-sectional view
schematically illustrating a driving circuit of FIG. 2.

[0058] Insome embodiments, the three neighboring pixels
including a red pixel R, a green pixel G, and a blue pixel B
may be repeated along a row and/or a column, and an arrange-
ment of pixels may vary.

[0059] Referring to FIG. 2, the organic light-emitting dis-
play apparatus may include the red pixel R, the green pixel G,
and the blue pixel B, which are located on a substrate 100.
Also, the organic light-emitting display apparatus may
include red, green, and blue color filters 120R, 120G, and
120B, which selectively absorb white light emitted from each
pixel, according to corresponding pixels.

[0060] In some embodiments, the substrate 100 may be a
transparent substrate and formed of a glass material mainly
including silicon oxide (SiO,). However, the substrate 100 is
not limited thereto, and may be formed of plastic or a metal.
[0061] Insomeembodiments,the TFT 250 shown inFIG.3
may be located on the substrate 100. In some embodiments, a
top gate type TFT is illustrated as an example of the TFT 250,
but a TFT having another structure may be alternatively
employed.

[0062] Insomeembodiments, aninsulation layer 211, such
as a barrier layer and/or a buffer layer, may be formed on the
substrate 100 before forming the TFT 250. In some embodi-
ments, the insulation layer 211 may prevent impurity ions
from being diffused, and/or moisture or outside air from
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penetrating. In some embodiments, the insulation layer 211
may facilitate planarizing a surface. In some embodiments,
the insulation layer 211 may be formed of SiO, and/or silicon
nitride (SiNXx).

[0063] In some embodiments, an active layer 221 of the
TFT 250 may be formed on the insulation layer 211 by using
a semiconductor material, and a gate insulation film 213 may
be formed to cover the active layer 221. In some embodi-
ments, the active layer 221 may be formed of an inorganic
semiconductor such as amorphous silicon or poly silicon, or
an organic semiconductor, and includes a source region, a
drain region, and a channel region therebetween.

[0064] In some embodiments, the active layer 221 may be
formed of poly silicon, and in this case, a predetermined
region may be doped with an impurity. In some embodiments,
the active layer 221 may be formed of amorphous silicon
instead of poly silicon, or any one of various organic semi-
conductor materials, such as pentacene.

[0065] Insome embodiments, the gate insulation film 213
may be used to insulate the active layer 221 and a gate elec-
trode 222 from each other. In some embodiments, the gate
insulation film 213 may be formed of an insulation material,
such as Si0 or SiN, or an insulation organic material.

[0066] In some embodiments, the gate electrode 222 may
be formed on the gate insulation film 213, and an interlayer
insulation film 214 may be formed to cover the gate electrode
222. In some embodiments, a source and drain electrode 223
may be connected to the active layer 221 on the interlayer
insulation film 214, through a contact hole 225.

[0067] In some embodiments, the gate electrode 222 may
be formed of any one of various conductive materials. For
example, the gate electrode 222 may be formed of magne-
sium (Mg), aluminum (Al), nickel (Ni), chromium (Cr),
molybdenum (Mo), Tungsten (W), MoW, or gold (Au), and
may have a single or multiple players.

[0068] Insome embodiments, the interlayer insulation film
214 may be formed of an insulation material, such as SiO or
SiN, or an insulation organic material. The interlayer insula-
tion film 214 and the gate insulation film 213 may be selec-
tively removed to form the contact hole 225 exposing the
source and drain regions. Then, the source and drain elec-
trodes 223 may be formed on the interlayer insulation film
214 in a single or multiple layers by using the material for
forming the gate electrode 222, so as to embed the contact
hole 225.

[0069] In some embodiments, the source and drain elec-
trode 223 of the TFT 250 may be electrically connected to a
lower electrode of a pixel.

[0070] Insomeembodiments, the TFT 250 formed as such
may be protected by a protection layer 112. In some embodi-
ments, the protection layer 112 may be an inorganic insula-
tion film and/or an organic insulation film. The inorganic
insulation film may include SiOx, SiNx, silicon oxynitride
(SiON), Al,O,, titanium oxide (TiO,), tantalum oxide
(Ta,Os), hafnium oxide (HfO,), zirconium oxide (ZrQ,),
barium strontium titanate (BST), and lead zirconate titanate
(PZT), and the organic insulation film may include a general-
purpose polymer (polymethyl methacrylate (PMMA) or
polystyrene (PS)), a polymer derivative having a phenol
group, an acryl-based polymer, an imide-based polymer, an
arylether-based polymer, an amide-based polymer, a fluo-
rine-based polymer, a p-xylan-based polymer, a vinylalco-
hol-based polymer, and a blend thereof. In some embodi-
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ments, the protection layer 112 may be formed of a complex
stacked structure of an inorganic insulation film and an
organic insulation film.

[0071] In some embodiments, the red color filter 120R
corresponding to the red pixel R, the green color filter 120G
corresponding to the green pixel G, and the blue color filter
120B corresponding to the blue pixel B may be located on the
protection layer 112. In some embodiments, the red, green,
and blue color filters 120R, 120G, and 120B may be formed
via patterning after coating.

[0072] Insomeembodiments, thered, green, and blue color
filters 120R, 120G, and 120B may be arranged in a color filter
on array (COA) method. In some embodiments, the red,
green, and blue color filters 120R, 120G, and 120B generate
different colored lights by receiving white light from each
pixel.

[0073] In some embodiments, an overcoat layer 113 for
protecting the red, green, and blue color filters 120R, 120G,
and 120B and planarzing surfaces of layers where the red,
green, and blue color filters 120R, 120G, and 120B are
formed may be located on the red, green, and blue color filters
120R, 120G, and 120B. In some embodiments, the overcoat
layer 113 may be formed of an inorganic insulation film
and/or an organic insulation film. In some embodiments, the
inorganic insulation film may include SiOx, SiNx, SiON,
ALQ,, TiO,, Ta,0,, HfO,, Zr0,, BST, and PZT, and the
organic insulation film may include a general-purpose poly-
mer (PMMA or PS), a polymer derivative having a phenol
group, an acryl-based polymer, an imide-based polymer, an
arylether-based polymer, an amide-based polymer, a fluo-
rine-based polymer, a p-xylan-based polymer, a vinylalco-
hol-based polymer, and a blend thereof. In some embodi-
ments, the overcoat layer 113 may be formed of a complex
stacked structure of an inorganic insulation film and an
organic insulation film. In some embodiments, the overcoat
layer 113 may be formed of a material having high transmit-
tance considering light-emitting efficiency.

[0074] In some embodiments, a first passivation layer 134
may be formed on the overcoat layer 113. In some embodi-
ments, the first passivation layer 134 may be formed via a
chemical vapor deposition (CVD) method, a sputtering
method, or a coating method. In some embodiments, the first
passivation layer 134 may be formed of the same material as
the protection layer 112.

[0075] Insomeembodiments, thered, green, and blue color
filters 120R, 120G, and 120B and the overcoat layer 113 may
be outgassed unlike an inorganic film, and thus a pixel shrink-
age phenomenon may be generated due to deterioration of an
organic emissive layer. Accordingly, the first passivation
layer 134 may be formed on the overcoat layer 113 to prevent
outgassing.

[0076] In some embodiments, a light scattering layer 135
may be formed on the first passivation layer 134. In some
embodiments, the light scattering layer 135 may include a
high refractive metal oxide. In some embodiments, the light
scattering layer 135 may include at least one material selected
from the group consisting of niobium pentoxide (Nb,Os),
zine oxide (Zn0), copper oxide (Cu0O), and indium gallium
zine oxide (InGaZnQ,).

[0077] Insomeembodiments, the light scattering layer 135
may be formed of a CVD method or a sputtering method.
[0078] In some embodiments, in order to connect a first
electrode 140 and the source and drain electrode 223 of the
TFT 250, the light scattering layer 135 and the first passiva-
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tion layer 134 may be simultaneously etched, and thus the
thickness of the light scattering layer 135 may be from about
1 nm to about 100 nm. If the light scattering layer 135 has the
thickness higher than 100 nm, a hole for connecting the first
electrode 140 and the source and drain electrode 223 of the
TFT 250 may be formed by performing double etching or
performing wet-etching and dry-etching in parallel.

[0079] As a result, the light scattering layer 135 may be
located between the first passivation layer 134 and the first
electrode 140, thereby helping light generated by an organic
layer 150 to be efficiently emitted. In some embodiments, a
luminance characteristic and light utility efficiency of the
organic light-emitting display apparatus may optimized by
positioning the light scattering layer 135 between the first
passivation layer 134 and the first electrode 140. In some
embodiments, a viewing angle may be improved by scattering
the light generated by the organic layer 150. In some embodi-
ments, a light-leaking phenomenon may be prevented by
scattering light leaking outside the red, green, and blue pixels
R, G, and B from among light generated by the organic layer
150.

[0080] In some embodiments, a pixel-define layer 170 for
classifying a pixel region and a non-pixel region may be
formed on the light scattering layer 135. In some embodi-
ments, the pixel-define layer 170 may include an opening
exposing at least a part of the first electrode 140. In some
embodiments, the opening of the pixel-define layer 170
defines an emission region where light is actually generated.

[0081] Insome embodiments, the red, green, and blue pix-
els R, G, and B may be formed on the light scattering layer
135 respectively according to the red, green, and blue color
filters 120R, 120G, and 120B.

[0082] In some embodiments, each of the red, green, and
blue pixels R, G, and B include the first electrode 140, the
organic layer 150, and a second electrode 160.

[0083] In some embodiments, the first electrode 140 may
be formed of a conductive material, such as indium tin oxide
(ITO), indium zinc oxide (IZO), ZnO, or In,0,, and in a
predetermined pattern according to pixels via a photolithog-
raphy method. In some embodiments, the first electrode 140
may be electrically connected to the TFT 250 therebelow. In
some embodiments, the first electrode 140 may operate as an
anode by being connected to an external electrode terminal
(not shown).

[0084] In some embodiments, the second electrode 160
may be formed on the organic layer 150, according to the
position of the first electrode 140. In some embodiments, the
second electrode 160 may be a common electrode where the
second electrodes 160 of all pixels are commonly bound, by
depositing a second conductive material, such as Li, Ca,
LiF/Ca, LiF/Al, Al, Ag, Mg, Ba, or a compound thereof,
throughout pixels. In some embodiments, the second elec-
trode 160 may operate as a cathode by being connected to an
external electrode terminal (not shown).

[0085] In some embodiments, polarities of the first and
second electrodes 140 and 160 may be switched.

[0086] Insomeembodiments, the organic layer 150 located
between the first electrodes 140 and the second electrodes
160 may formed by stacking an emissive layer and at least one
of functional layers, such as a hole transport layer (HTL), a
hole injection layer (HIL), an electron transport layer (ETL),
and an electron injection layer (EIL), in a single or complex
structure.
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[0087] Insomeembodiments, the organic layer 150 may be
formed of a low-molecular weight or high-molecular weight
organic material. Examples of the low-molecular weight
organic material include copper phthalocyanine (CuPc),
N,N'-Di(naphthalene-1-y1)-N,N'-diphenyl-benzidine (NPB),
and tris-8-hydroxyquinoline aluminum (Alg3). In some
embodiments, a polymer organic layer using the high-mo-
lecular weight organic material may be formed via an inkjet
printing method or a spin coating method by using poly-(2,
4)-ethylene-dihydroxy thiophene (PEDOT) or polyaniline
(PANI), and a polymer organic emissive layer may be formed
of poly(p-phenylene vinylene (PPV), soluble PPV, cyano-
PPV, or polyfluorene.

[0088] In some embodiments, the emissive layer may be a
stacked type or a tandem type. In some embodiments, the
stacked type emissive layer may include red, green, and blue
sub-emissive layers, and a stacking order is not specifically
limited. In the stacked type emissive layer, all of the red,
green, and blue sub-emissive layers may be fluorescent, or at
least one of the red, green, and blue sub-emissive layers may
be phosphorescent. In the tandem type emissive layer, all of
the red, green, and blue sub-emissive layers may be fluores-
cent, or at least one of the red, green, and blue sub-emissive
layers may be phosphorescent. Also in the tandem type emis-
sive layer, emissive layers stacked across a charge generation
layer (CGL) may emit white, different colored lights, or the
same colored light, wherein the different colored lights or the
same colored light may be a single color or many colors.

[0089] Structures of sub-emissive layers of pixels may dif-
fer from each other, and various colored lights may be com-
bined regardless of red light, green light, and blue light, as
long as white light is emitted.

[0090] FIG. 4is a cross-sectional view schematically illus-
trating three neighboring pixels of an organic light-emitting
display apparatus according to another embodiment, which
realizes the circuit of FIG. 1. Details about the organic light-
emitting display apparatus of FIG. 4, which are same as the
organic light-emitting display apparatus of FIG. 2 will not be
repeated.

[0091] Referring to FIG. 4, a second passivation layer 116
may be located between a light scattering layer 115 and the
first electrode 140.

[0092] Insome embodiments, the second passivation layer
116 may be formed of the same material as a first passivation
layer 114.

[0093] Insomeembodiments, the red, green, and blue color
filters 120R, 120G, and 120B, and the overcoat layer 113 are
outgassed in materials unlike an inorganic film, and thus a
pixel shrinkage phenomenon is generated due to deterioration
of an organic emissive layer. In some embodiments, the sec-
ond passivation layer 116 may be additionally formed on the
light scattering layer 115 so as to form double passivation
layers, i.e., the first and second passivation layers 114 and
116, thereby further effectively blocking the outgas generated
in the red, green, and blue color filters 120R, 120G, and 120B,
and the overcoat layer 113. Thus, the pixel shrinkage phe-
nomenon due to the deterioration of the organic emissive
layer may be prevented.

[0094] FIG. 51is a cross-sectional view schematically illus-
trating three neighboring red, green, and blue pixels R, G, and
B of an organic light-emitting display apparatus according to
another embodiment, which realizes the circuit of FIG. 1.
Details about the organic light-emitting display apparatus of
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FIG. 5, which are same as those of the organic light-emitting
display apparatus of FIG. 2 will not be repeated.

[0095] Referring to F1G. 5, passivation layers 114,116, and
118, and light scattering layers 115 and 117 are alternatively
stacked on each other, such that there are three passivation
layers 114, 116, and 118, and two light scattering layers 115
and 117.

[0096] However, the stacking structure of the passivation
layers 114, 116, and 118, and the light scattering layers 115
and 117 of the organic light-emitting display apparatus is not
limited thereto, and may vary.

[0097] The organic light-emitting display apparatuses of
FIGS. 2, 4, and 5 described above are bottom emission types
wherein lights are emitted toward the substrate 100, but alter-
natively, they may be top emission types. In this case, a lower
electrode of each pixel may be a reflective electrode and an
upper electrode may be a transparent electrode. In some
embodiments, a color filter corresponding to each pixel may
be stacked on the transparent electrode or formed on a sepa-
rate substrate.

[0098] FIGS. 6A through 6H are cross-sectional views for
describing a method of manufacturing an organic light-emit-
ting display apparatus according to another embodiment,
which realizes the circuit of FIG. 1.

[0099] Referring to FIG. 6A, the substrate 100 is provided.
[0100] Referring to FIG. 6, the protection layer 112 is
formed on the substrate 100. In some embodiments, the pro-
tection layer 112 may be formed of a composition including
Si0x or SiNx.

[0101] Referring to FIG. 6C, at least one of the red, green,
and blue color filters 120R, 120G, and 120B may be formed
on the protection layer 112.

[0102] Referring to FIG. 6D, an overcoat layer 113 cover-
ing the red, green, and blue color filters 120R, 120G, and
120B may be formed.

[0103] Referring to FIG. 6E, a first passivation layer 114
may be formed on the overcoat layer 113. In some embodi-
ments, the first passivation layer 114 may include a compo-
sition represented by the formula SiOx or formula SiNx.
[0104] Referring to FIG. 6F, the light scattering layer 115
may be formed on the first passivation layer 114. In some
embodiments, the light scattering layer 115 may include a
high refractive metal oxide. In some embodiments, the light
scattering layer 115 may include at least one material selected
from the group consisting of Nb,Os, ZnO, CuO, and
InGaZnO,. In some embodiments, the light scattering layer
135 may be formed via a CVD method or a sputtering
method. In some embodiments, the light scattering layer 115
and the first passivation layer 114 need to be simultaneously
etched in order to connect the first electrode 140 and the
source and drain electrode 223 of the TFT 250 of FIG. 3. In
some embodiments, the thickness of the light scattering layer
115 may be from about 1 nm to about 100 nm. By forming the
light scattering layer 115 on the first passivation layer 114, a
light extracting efficiency and a viewing angle may be
improved, and a light-leaking phenomenon may be pre-
vented.

[0105] Referring to FIG. 6G, the second passivation layer
116 may be formed on the light scattering layer 115. In some
embodiments, the second passivation layer 116 may include a
composition represented by the formula SiOx or formula
SiNx. Since there are two passivation layers, i.e., the first and
second passivation layers 115 and 116, outgases generated in
the red, green, and blue color filters 120R, 120G, and 1208,
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respectively, and the overcoat layer 113 are further effectively
blocked, and thus a pixel shrinkage phenomenon due to dete-
rioration of an organic emission layer may be prevented.
[0106] Referringto FIG. 6H. the pixel-define layer 170, the
first electrode 140, the organic layer 150, and the second
electrode 160 may be formed on the second passivation layer
116. In some embodiments, the, the pixel-define layer 170
may be formed on the second passivation layer 116 after the
first electrode 140 is formed on the second passivation layer
116 so as to classify a pixel region and a non-pixel region. In
some embodiments, the, the organic layer 150 may be formed
on the first electrode 140, and the second electrode 160 may
be formed on the organic layer 150.

[0107] Some embodiments provide an organic light-emit-
ting display apparatus including a light scattering layer.
Accordingly, an image quality may be improved by improv-
ing a light extracting efficiency and a viewing angle. Also,
reliability of a product may be improved by preventing a
light-leaking phenomenon.

[0108] While the present embodiments have been particu-
larly shown and described with reference to exemplary
embodiments thereof, it will be understood by those of ordi-
nary skill in the art that various changes in form and details
may be made therein without departing from the spirit and
scope of the present embodiments as defined by the following
claims.

What is claimed is:

1. An organic light-emitting display apparatus comprising:

a substrate;

at least one color filter formed on the substrate;

an overcoat layer covering the at least one color filter;

a first passivation layer formed on the overcoat layer;

alight scattering layer formed on the first passivation layer;

a first electrode formed on the light scattering layer;

a second electrode facing the first electrode; and

an organic layer located between the first and second elec-

trodes.

2. The organic light-emitting display apparatus of claim 1,
further comprising a second passivation layer between the
light scattering layer and the first electrode.

3. The organic light-emitting display apparatus of claim 1,
further comprising a protection layer located between the
substrate and the at least one color filter.

4. The organic light-emitting display apparatus of claim 1,
wherein the at least one color filter is any one of a red filter, a
green filter, and a blue filter.

5. The organic light-emitting display apparatus of claim 2,
further comprising a pixel-define layer composed of a pixel
region and a non-pixel region, on the second passivation
layer.

6. The organic light-emitting display apparatus of claim 2,
wherein the first and second passivation layers comprise a
composition including silicon oxide (SiOx) or silicon nitride
(SiNx) where x is from about 0.1 to about 2.
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7. The organic light-emitting display apparatus of claim 2,
wherein the thickness of the light scattering layeris from 1 nm
to 100 nm.

8. The organic light-emitting display apparatus of claim 2,
wherein the light scattering layer comprises a high refractive
metal oxide.

9. The organic light-emitting display apparatus of claim 8,
wherein the light scattering layer is formed of at least one
material selected from the group consisting of niobium pen-
toxide (Nb,Oj), zinc oxide (ZnO), copper oxide (CuO), and
indium gallium zinc oxide (InGaZnO,).

10. A method of manufacturing an organic light-emitting
display apparatus, the method comprising:

providing a substrate;

forming at least one color filter on the substrate;

forming an overcoat layer covering the color filter;

forming a first passivation layer on the overcoat layer;

forming a light scattering layer on the first passivation
layer;

forming a first electrode on the light scattering layer;

forming an organic layer on the first electrode; and

forming a second electrode on the organic layer.

11. The method of claim 10, further comprising forming a
protection layer on the substrate, after the providing of the
substrate and before forming of the at least one color filter.

12. The method of claim 10, further comprising forming a
pixel-define layer on the second passivation layer composed
ofapixel region and a non-pixel region, after forming the first
electrode and before forming the organic layer.

13. The method of claim 10, wherein the forming of the
first passivation layer comprises forming the first passivation
layer by using a composition comprising silicon oxide (SiOx)
or silicon nitride (SiNx) where x is from about 0.1 to about 2.

14. The method of claim 10, wherein the light scattering
layer is formed having a thickness from 1 nm to 100 nm.

15. The method of claim 10, wherein the forming of the
light scattering layer comprises using a high refractive metal
oxide.

16. The method of claim 15, wherein the forming of the
light scattering layer comprises using at least one material
selected from the group consisting of niobium pentoxide
(Nb,0s), zinc oxide (ZnO), copper oxide (CuQ), and indium
gallium zinc oxide (InGaZnO,).

17. The method of claim 10, wherein the forming of the
light scattering layer comprises a chemical deposition
method or a sputtering method.

18. The method of claim 10, further comprising forming a
second passivation layer on the light scattering layer after
forming the light scattering layer and before forming the first
electrode.

19. The method of claim 18, wherein the second passiva-
tion layer comprises a composition represented by formula
SiOx or formula SiNx where x is from about 0.1 to about 2.
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