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ORGANIC LIGHT-EMITTING DISPLAY AND
METHOD OF MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

[0001] This application claims the benefit of Korean Patent
Application No. 10-2011-0079148, filed on Aug. 9, 2011, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

BACKGROUND

[0002] 1.Field

[0003] The described technology generally relates to an
organic light-emitting display and a method of manufacturing
the same.

[0004] 2. Description of the Related Technology

[0005] Organic light-emitting displays are attracting atten-
tion as next generation displays because they are not only
driven at a low voltage, are light and thin, and have wide
viewing angles and excellent contrast, but also have quick
response times.

SUMMARY

[0006] One inventive aspect is an organic light-emitting
display that is manufactured using a simple process and has a
reduced color shift according to a viewing angle, and a
method of manufacturing the organic light-emitting display.
[0007] Another aspect is an organic light-emitting display
that is manufactured using a simple process and has an
improved color shift according to a viewing angle by apply-
ing a resonance structure including a plurality of scattering
patterns, and a method of manufacturing the organic light-
emitting display.

[0008] Another aspect is an organic light-emitting display
including; a pixel electrode disposed on a substrate; an oppo-
site electrode disposed opposite to the pixel electrode; an
organic emission layer disposed between the pixel electrode
and the opposite electrode; a light-scattering portion disposed
between the substrate and the organic emission layer, includ-
ing a plurality of scattering patterns for scattering light emit-
ted from the organic emission layer in insulating layers hav-
ing different refractive indexes; and a plurality of light
absorption portions disposed between the light-scattering
portion and the organic emission layer to correspond to the
scattering patterns.

[0009] Each of the light absorption portions may include a
semiconductor material.

[0010] The plurality of insulating layers included in the
light-scattering portion may include at least a single pair of
high and low refractive index layers.

[0011] The high refractive index layer may include silicon
nitride, and the low refractive index layer comprises silicon
oxide.

[0012] The scattering patterns may be formed in the high
refractive index layer.

[0013] The plurality of scattering patterns may be spaced
apart from one another.

[0014] The plurality of scattering patterns may be spaced
apart from one another at constant intervals.

[0015] Each of the scattering patterns may be patterned to
have a circular shape.
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[0016] The organic light-emitting display apparatus may
further include an insulating layer disposed on the light-
scattering portions to cover the light absorption portions.
[0017] The insulating layer covering the light absorption
portions may include at least a single pair of high and low
refractive index layers.

[0018] The high refractive index layer comprises silicon
nitride, and the low refractive index layer may include silicon
oxide.

[0019] The organic light-emitting display apparatus may
further include a thin film transistor disposed on the substrate
to be spaced laterally with respect to the pixel electrode and
including an active layer, a gate electrode, and source and
drain electrodes; and a capacitor including upper and lower
electrodes.

[0020] The active layer of the thin film transistor may
include the same material as the light absorption portions.
[0021] Thelower electrode of the capacitor may include the
same material as the light absorption portions.

[0022] The insulating layer covering the light absorption
portions may be disposed to extend between the active layer
and the gate electrode and between the lower electrode and
the upper electrode.

[0023] The light-scattering portion may be disposed to
extend under the active layer and the lower electrode.
[0024] The scattering patterns included in the light-scatter-
ing portion may be disposed only in an area corresponding to
the pixel electrode.

[0025] Another aspect is a method of manufacturing an
organic light-emitting display, the method including: forming
a plurality of insulating layers including at least a single pair
of high and low refractive index layers on a substrate and
including a high refractive index layer at the uppermost posi-
tion thereof; forming a plurality of scattering patterns for
scattering light by patterning the high refractive index layer
disposed at the uppermost position of the insulating layer;
forming at least one insulating layer covering the scattering
patterns; forming a material that absorbs light on the insulat-
ing layer covering the scattering patterns; forming a plurality
of light absorption portions by patterning the material that
absorbs light to correspond to the scattering patterns; forming
an insulating layer covering the light absorption portions; and
sequentially forming a pixel electrode, an organic emission
layer, and an opposite electrode on the insulating layer cov-
ering the light absorption portions.

[0026] The forming of the scattering patterns and the form-
ing of the light absorption portions may be performed by
using the same mask.

[0027] The forming of the scattering patterns may include:
forming a plurality of the scattering patterns; and forming the
plurality of scattering patterns to be spaced apart from one
another.

[0028] The plurality of scattering patterns may be space
apart from one another at constant intervals.

[0029] Each scattering pattern may be formed to have a
circular shape.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIG. 1 is a schematic cross-sectional view of an
organic light-emitting display according to an embodiment.
[0031] FIGS. 2 to 9 are cross-sectional views sequentially
illustrating a method of manufacturing the organic light-emit-
ting display of FIG. 1, according to an embodiment.
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[0032] FIG. 10 is a schematic cross-sectional view of an
organic light-emitting display according to another embodi-
ment.
[0033] FIG. 11 is a schematic cross-sectional view of an
organic light-emitting display according to another embodi-
ment.
[0034] FIG. 12 is a schematic cross-sectional view of an
organic light-emitting display according to another embodi-
ment.

DETAILED DESCRIPTION

[0035] In an organic light-emitting display, a voltage is
applied between an anode and a cathode, electrons and holes
combine in an organic light emission layer disposed between
the anode and the cathode so that excitons are formed therein
and emit light while the excitons change from an excitation
state to a ground state.

[0036] An organic light-emitting display has a wide emit-
ting wavelength range, thereby reducing luminous efficiency
and reducing color purity. Since light emitted from an organic
emission layer has no directivity, many photons from among
photons emitted in a predetermined direction do not reach a
viewer due to total internal reflection, thereby reducing
extraction efficiency of an organic light-emitting device.
Thus, in order to improve luminous efficiency, a resonance
structure is formed in an organic light-emitting display by
using a distributed Bragg reflector (DBR) mirror or by adjust-
ing the thickness of an organic layer. However, although the
resonance structure improves luminous efficiency, color shift
according to a viewing angle may still occur.

[0037] Now, embodiments will be described in detail with
reference to the accompanying drawings.

[0038] FIG. 1 is a schematic cross-sectional view of an
organic light-emitting display 1 according to an embodiment.
[0039] Referring to FIG. 1, a light-scattering portion 20
including a plurality of insulating layers 20-1, 20-2, 20-3, and
20-4 is disposed in a pixel area PXL on a substrate 10, the
insulating layer 20-3 including scattering patterns. A plurality
of light absorption portions 130 are disposed on the light-
scattering portion 20 to correspond to the scattering patterns
of the insulating layer 20-3, and a first pixel electrode 151, an
organic emission layer 91, and a opposite electrode 92 are
sequentially disposed on the light absorption portions 130. In
one embodiment, the light absorption portions 130 are sub-
stantially directly formed above the scattering patterns of the
insulating layer 20-3.

[0040] A thin film transistor area TFT and a capacitor area
CARP are disposed on a side of the pixel area PXL. The thin
film transistor area TFT includes an active layer 230, a first
gate clectrode 251, and a second gate electrode 252, and
source and drain electrodes 271 and 272 over the substrate 10
and the capacitor area CAP includes a lower electrode 330
and a first upper electrode 351 over the substrate 10.

[0041] The substrate 10 may be formed of a Si0,-based
transparent glass material. The substrate 10 may be formed of
any of various materials, for example, transparent plastic.
[0042] The light-scattering portion 20 includes the insulat-
ing layers 20-1, 20-2, 20-3, and 20-4 including at least a
single pair of high and low refractive index layers. In the
current embodiment, the light-scattering portion 20 includes
four insulating layers Furthermore, a high refractive index
layer is disposed at a lowermost position, and a low refractive
index layer, a high refractive index layer, and a low refractive
index layer are sequentially stacked on the high refractive

Feb. 14, 2013

index layer. The light-scattering portion 20 may also alter-
nately include two or more layers having different refractive
indexes. The low and high refractive index layers, which are
alternately disposed, improve light extraction efficiency and a
color reproduction range of the organic light-emitting display
1 by forming a distributed Bragg reflector (DBR) resonance
structure.

[0043] The high and low refractive index layers denote
layers having relative refractive index differences. The high
refractive index layer may be formed of a material selected
from the group consisting of SiN_, TiO,, Si;N,, Ta,0O,, and
Nb,Os, and the low refractive index layer may be formed ofa
siloxane-based material or SiO,. When a plurality of high
refractive index layers are disposed, the high refractive index
layers may be formed of the same material or different mate-
rials, which may also be applied to the low refractive index
layer.

[0044] The insulating layer 20-3 includes the scattering
patterns for scattering light emitted from the organic emission
layer 91. The insulating layer 20-3 including the scattering
patterns may be a high refractive index layer.

[0045] The organic light-emitting display 1 of the current
embodiment includes the scattering patterns only in an area
corresponding to the pixel area PXL. Although the insulating
layer 20-3 is completely etched and thus is not in the thin film
transistor area TFT and the capacitor area CAP, embodiments
are not limited thereto.

[0046] There are a plurality of the scattering patterns,
which may be spaced apart from one another at constant
intervals, for example. Also, a scattering pattern may have a
circular shape, that is, a convex shape, for example, a lens.
The scattering pattern may also have a cross section having
various shapes, for example, a triangular shape, a quadrangu-
lar shape, a pentagonal shape, a hexagonal shape, an octago-
nal shape, or the like. Although FIG. 1 illustrates three scat-
tering patterns, four or more scattering patterns may be
formed.

[0047] Lightincident on the insulating layer 20-3 including
the scattering patterns is diffusely reflected by the scattering
patterns. Thus, color shift of light laterally emitted may be
reduced.

[0048] The light-scattering portion 20 may act as a DBR
resonance structure including a plurality of scattering pat-
terns to improve light extraction efficiency and to reduce
color shift due to the DBR resonance structure. Also, the
light-scattering portion 20 may act as a buffer layer to prevent
impurities from the substrate 10 to penetrate therethrough and
to planarize a surface of the substrate 10.

[0049] Thelightabsorption portions 130 are disposed in the
pixel area PXL on the light-scattering portion 20. The light
absorption portions 130 are disposed to correspond to the
scattering patterns included in the light-scattering portion 20.
The light absorption portions 130 may be formed of a semi-
conductor material such as amorphous silicon or polysilicon.
The light absorption portions 130 may also be formed of any
of various other materials capable of absorbing light.

[0050] A partofthe light emitted from the organic emission
layer 91 is incident on and absorbed into the light absorption
portions 130. Accordingly, the light emitted from the organic
emission layer 91 is directly incident on the scattering pat-
terns included in the light-scattering portion 20 and passes
through the substrate 10, thereby reducing an intensity of the
light directly emitted to the outside. Accordingly, since only
light incident on areas other than the light absorption portions
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130 is not absorbed by the light absorption portions 130 and
is emitted toward the light-scattering portion 20 and thus is
scattered forward by the scattering patterns included in the
light-scattering portion 20, the light emitted to front and side
surfaces of the organic light-emitting display 1 may be sub-
stantially uniformly distributed, thereby improving a viewing
angle.

[0051] An insulating layer 40 is disposed on the light-scat-
tering portion 20 to cover the light absorption portions 130.
The insulating layer 40 may include one or more materials
selected from the group consisting of Si0,, SiN_, SiON, and
the like. In the current embodiment, the insulating layer 40
covering the light absorption portions 130 is configured as a
single layer, for example.

[0052] The first pixel electrode 151, the organic emission
layer 91, and the opposite electrode 92 are sequentially dis-
posed on the insulating layer 40.

[0053] The first pixel electrode 151 may be formed of a
transparent or semi-transparent conductive material. The
transparent/semi-transparent conductive material may
include at least one material selected from the group consist-
ing of indium tin oxide (ITO), indium zinc oxide (IZ0O), zinc
oxide (Zn0), indium oxide (In,O,), indium gallium oxide
(1GO), and aluminium zinc oxide (AZO). Second pixel elec-
trodes 152 may be respectively disposed on both edge por-
tions of the first pixel electrode 151. The second pixel elec-
trode 152 may be formed of a metal material selected from the
group consisting of aluminum (Al), platinum (Pt), palladium
(Pd), silver (Ag), magnesium (Mg), gold (Au), nickel (Ni),
neodymium (Nd), iridium (Ir), chrome (Cr), lithium (Li),
calcium (Ca), molybdenum (Mo), titanium (Ti), tungsten
(W), and copper (Cu) to have a single layer structure or a
multi-layered structure. The second pixel electrode 152 may
protect the first pixel electrode 151 during a manufacturing
process.

[0054] The organic emission layer 91 may be formed of a
low molecular weight organic material or a high molecular
weight organic material. When the organic emission layer 91
is formed of a low molecular organic material, a hole trans-
port layer (HTL), a hole injection layer (HIL), an electron
transport layer (ETL), and an electron injection layer (EIL)
may be stacked around the organic emission layer 91, or
alternatively, various other layers may be stacked when
required. In this regard, examples of available organic mate-
rials may include copper phthalocyanine (CuPc), N,N'-di
(naphthalene-1-y1)-N,N'-diphenyl-benzidine (NPB), tris-8-
hydroxyquinoline aluminum (Alg,), and the like. When the
organic emission layer 91 is formed of a high molecular
weight organic material, the organic emission layer 91 may
further include a hole transport layer (HTL), in addition to an
emissive layer (EML). The HTL may be formed of poly-(2,
4)-ethylene-dihydroxy thiophene (PEDOT), polyaniline
(PANI), or the like. In this regard, examples of available
organic materials may include a polyphenylene vinylene
(PPV)-based high molecular weight organic material and a
polyfluorene-based high molecular weight organic material,
and the like.

[0055] The opposite electrode 92 may be a reflective elec-
trode including a reflective material. In the current embodi-
ment, the first pixel electrode 151 serves as an anode, and the
opposite electrode 92 serves as a cathode However, the first
pixel electrode 151 may also serve as a cathode, and the
opposite electrode 92 may serve as an anode. The opposite
electrode 92 may include one or more materials selected from
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the group consisting of Al, Mg, Li, Ca, LiF/Ca, and LiF/Al.
Since the opposite electrode 92 is a reflective electrode, light
emitted from the organic emission layer 91 is reflected by the
opposite electrode 92, passes through the first pixel electrode
151 formed of a transparent/semi-transparent conductive
material, and is emitted toward the substrate 10. In this regard,
the DBR resonance structure included in the light-scattering
portion 20 may increase light extraction efficiency and a color
reproduction range of the organic light-emitting display 1.
Also, as described above, color shift of the organic light-
emitting display 1 may be reduced due to the light absorption
portions 130 and the scattering patterns included in the light-
scattering portion 20.

[0056] The active layer 230, the first and second gate elec-
trodes 251 and 252 that are insulated from the active layer
230, and the source and drain electrodes 271 and 272 are
disposed in the thin film transistor area TFT on the light-
scattering portion 20.

[0057] The active layer 230 may be formed of a semicon-
ductor material such as amorphous silicon or polysilicon, or
may or may not be formed of the same material as that for
forming the light absorption portion 130. When the light
absorption portion 130 and the active layer 230 are formed of
the same material, the light absorption portion 130 and the
active layer 230 may be substantially simultaneously formed
by performing the same mask process, and thus a manufac-
turing process may be simplified, as will be described below
in detail. Impurity doped areas 230a and 230c¢ doped with
impurities are disposed at both sides of the active layer 230.
[0058] The first gate electrode 251 and the second gate
electrode 252 may be respectively formed of the same mate-
rials for forming the first pixel electrode 151 and the second
pixel electrode 152 on the same level.

[0059] Theinsulating layer 40 covering the light absorption
portions 130 of the pixel area PXL is disposed between the
active layer 230 and the first gate electrode 251. That is, the
insulating layer 40 is disposed to cover the active layer 230
and serves as a gate insulating layer of a thin film transistor.
[0060] The source and drain electrodes 271 and 272 may be
formed of one metal material selected from the group con-
sisting of Al, Pt, Pd, Ag, Mg, Au, Ni, Nd, Ir, Cr, Li, Ca, Mo, Ti,
W, and Cu to have a single layer structure or a multi-layer
structure. The interlayer insulating layers 60 are disposed
under the source and drain electrodes 271 and 272, and one of
the source and drain electrodes 271 and 272 is connected to
the second pixel electrode 152 via a via-hole C2 in the inter-
layer insulating layer 60, and the source and drain electrodes
271 and 272 are respectively connected to the impurity doped
areas 230a and 230c¢ of the active layer 230 via contact holes
C3 and C4.

[0061] Thelowerelectrode 330 and the firstupper electrode
351 are disposed in the capacitor area CAP on the light-
scattering portion 20. The lower electrode 330 may be formed
of the same material as those for forming the light absorption
portions 130 and the active layer 230 on the same level and
may be doped with impurities.

[0062] The first upper electrode 351 may be formed of the
same material as that for forming the first pixel electrode 151
on the same level, and second upper electrodes 352 formed of
the same material as that for forming the second pixel elec-
trodes 152 may be disposed on both edge portions of the first
upper electrode 351.

[0063] The insulating layer 40 may be disposed between
the lower electrode 330 and the first upper electrode 351 to
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cover the light absorption portions 130. The insulating layer
40 serves as a dielectric layer of a capacitor. In this regard, an
electric capacitance of the capacitor is determined according
to a permittivity, an area, and a thickness of the insulating
layer 40. Accordingly, the electric capacitance of the capaci-
tor may be controlled by controlling the thickness of the
insulating layer 40.

[0064] FIGS. 2 to 9 are cross-sectional views sequentially
illustrating a method of manufacturing the organic light-emit-
ting display 1 of FIG. 1, according to an embodiment.
[0065] Referring to FIG. 2, the insulating layers 20-1,20-2,
and 20-3 having different refractive indexes are formed on the
substrate 10. The current embodiment includes three insulat-
ing layers 20-1, 20-2, and 20-3, for example. From among the
insulating layers 20-1, 20-2, and 20-3, the insulating layer
20-3 disposed at the uppermost position may be a high refrac-
tive index layer.

[0066] Referring to FIG. 3, scattering patterns are formed
in the insulating layer 20-3 disposed at the uppermost posi-
tion. Although FIG. 3 does not illustrate a manufacturing
process in detail, a photoresist (not shown) is coated on the
insulating layer 20-3, and then the insulating layer 20-3 is
patterned using a photolithography process using a first mask
(not shown). A first mask process is performed by performing
a series of processes, for example, exposing of the first mask
by using an exposing apparatus (not shown), developing,
etching, and stripping or ashing. Hereinafter, the same
description regarding a subsequent mask process will be
omitted.

[0067] In the current embodiment, the scattering patterns
are formed only in an area corresponding to the pixel area
PXL, the insulating layer 20-3 is completely etched in the thin
film transistor area TFT and the capacitor area CAP, and the
scattering patterns formed in the pixel area PXL are separated
from one another.

[0068] There are a plurality of the scattering patterns,
which may be spaced apart from one another at constant
intervals. Also, the scattering pattern may have a circular
shape, thatis, a convex shape, for example, a lens. In order to
form the scattering pattern in a circular shape, the above-
described first mask process is performed on the scattering
pattern and then heat may be additionally applied thereto.
[0069] Referring to FIG. 4, the insulating layer 20-4 may be
additionally formed to cover the scattering patterns. The insu-
lating layer 20-4 may be a low refractive index layer and may
be configured as a multi-layer including a low refractive index
layer.

[0070] Referring to FIG. 5, the light absorption portions
130 are formed by performing a second mask process in the
pixel area PXL on the light-scattering portion 20 including
the plurality of insulating layers 20-1, 20-2, 20-3, and 20-4,
the active layer 230 is formed in the thin film transistor area
TFT, and the lower electrode 330 is formed in the capacitor
area CAP. The light absorption portions 130 are formed to
correspond to the scattering patterns included in the light-
scattering portion 20.

[0071] The light absorption portions 130, the active layer
230, and the lower electrode 330 may be formed of the same
material on the same level. The same material may be a
semiconductor material such as amorphous silicon or poly-
silicon. The semiconductor material may be deposited on the
light-scattering portion 20 by using any of various deposition
methods, for example, a plasma-enhanced chemical vapor
deposition (PECVD) method, an atmospheric pressure CVD
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(APCVE) method, a low pressure CVD (LPCVD), or the like.
The light absorption portions 130, the active layer 230, and
the lower electrode 330 may be simultaneously formed by
performing the second mask process on the deposited semi-
conductor material. However, the light absorption portion
130 may also be formed of any material capable of absorbing
light and may be separately formed from the active layer 230
and the lower electrode 330.

[0072] Referring to FIG. 6, the insulating layer 40 is formed
throughout the organic light-emitting display 1 so as to cover
the light absorption portions 130, the active layer 230, and the
lower electrode 330, and a transparent conductive material
and a metal material are sequentially deposited on the insu-
lating layer 40. Then, the first and second pixel electrodes 151
and 152, the first and second gate electrodes 251 and 252, and
the first and second upper electrodes 351 and 352 are simul-
taneously formed in the pixel area PXL, the thin film transis-
tor area TFT, and the capacitor area CAP by performing a
third mask process, respectively.

[0073] The insulating layer 40 may include one or more
materials selected from the group consisting of Si0O,, SiN_,
SiON, and the like and may serve as a gate insulating layer of
a thin film transistor and a dielectric layer of a capacitor. The
insulating layer 40 may be configured as a single-layer or a
multi-layer structure.

[0074] The first gate electrode 251 and the second gate
electrode 252 may be formed to correspond to a center portion
23054 of the active layer 230. Both edge portions of the active
layer 230 are doped with ion impurities by using the first and
second gate electrodes 251 and 252 as self-aligned masks.
[0075] Referring to FIG. 7, the interlayer insulating layer
60 is formed on a resultant of the third mask process per-
formed in FIG. 6. Then, a first opening C1 and a via-hole C2
exposing the second pixel electrode 152, the contact holes C3
and C4 partially exposing the impurity doped areas 230 and
230c of the active layer 230, and a second opening C5 expos-
ing the second upper electrode 352 of the capacitor are
formed by patterning the interlayer insulating layer 60 by
performing a fourth mask process.

[0076] Referring to FIG. 8, the source and drain electrodes
271 and 272 are formed on the interlayer insulating layer 60
by performing a fifth mask process.

[0077] One ofthe source and drain electrodes 271 and 272
is connected to the second pixel electrode 152 via the via-hole
C2, and the source and drain electrodes 271 and 272 are
connected to the impurity doped areas 230a and 230c¢ of the
active layer 230 via the contact holes C3 and C4, respectively.

[0078] When the source and drain electrodes 271 and 272
are formed, the second pixel electrode 152 and the second
upper electrode 352 are etched at the same time. The forming
ofthe source and drain electrodes 271 and 272 and the etching
of the second pixel electrode 152 and the second upper elec-
trode 352 may be substantially simultaneously performed by
using the same etchant or may be sequentially performed by
using different etchants.

[0079] After the etching is performed, the lower electrode
330 of the capacitor is doped with ion impurities.

[0080] Referring to FI1G. 9, a pixel-defining layer 80 for
defining the pixel area PXL. is formed on a resultant of the fifth
mask process performed in FIG. 7, and the pixel-defining
layer 80 is partially etched by performing a sixth mask pro-
cess, thereby forming a third opening C6 exposing a part of
the first pixel electrode 151.
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[0081] Theorganic emissionlayer 91 and the opposite elec-
trode 92 are deposited on the first pixel electrode 151 exposed
by the third opening C6, thereby completing the manufacture
of the organic light-emitting display 1 illustrated in FIG. 1. In
this regard, the opposite electrode 92, which is a common
electrode, may be formed throughout the organic light-emit-
ting display 1.

[0082] FIG. 10 is a schematic cross-sectional view of an
organic light-emitting display 2 according to another embodi-
ment. Hereinafter, differences between the current embodi-
ment and the above-described embodiment will be mainly
described.

[0083] Referring to FIG. 10, a light-scattering portion 20
includes in a pixel area PXL a plurality of patterns 120-3
scattering light emitted from an organic emission layer 91, a
pattern 220-3 formed in a thin film transistor area TFT simi-
larly to an active layer 230, and a pattern 320-3 formed in a
capacitor area CAP similarly to a lower electrode 330.

[0084] The patterns 120-3, 220-3, and 320-3 formed in the
light-scattering portion 20 are formed similarly to light
absorption portions 130, the active layer 230, and the lower
electrode 330. Accordingly, a first mask process for pattern-
ing the light-scattering portion 20 and a second mask process
for forming the light absorption portions 130, the active layer
230, and the lower electrode 330 may be performed by using
the same mask. Thus, in the current embodiment, the number
of masks used in a process for manufacturing the organic
light-emitting display 2 may be reduced, and the patterns
120-3 and the light absorption portions 130 formed in the
pixel area PXT, may be easily formed to correspond to each
other.

[0085] FIG. 11 is a schematic cross-sectional view of an
organic light-emitting display 3 according to another embodi-
ment.

[0086] In the organic light-emitting display 3 according to
the current embodiment, an insulating layer 40, which is
formed to cover light absorption portions 130, an active layer
230, and a lower electrode 330 of a capacitor, includes two
layers, namely, a lower insulating layer 41 and an upper
insulating layer 42. The lower insulating layer 41 may be a
low refractive index layer formed of a siloxane-based mate-
rial or Si0O,, and the upper insulating layer 42 may be a high
refractive index layer formed of one material selected from
the group consisting of SiN_, TiO,, Si;N,, Ta,0,, and Nb,Os.
[0087] However, the insulating layer 40 may include three
or more layers, and various materials for forming the low
refractive index layer and the high refractive index layer may
be used. Alternatively, the materials for forming the low and
high refractive index layers may be the same as those for
forming the low refractive index layer and the high refractive
index layer included in the light-scattering portion 20. How-
ever, since the lower insulating layer 41 directly contacts the
active layer 230, the lower insulating layer 41 may be formed
to have a hydrogen content lower than that in the upper
insulating layer 42.

[0088] The insulating layer 40 includes the high and low
refractive index layers formed alternately, so that the insulat-
ing layer 40 and the light-scattering portion 20 together may
form a DBR resonance structure, thereby further increasing
light extraction efficiency and a color reproduction range of
the organic light-emitting display 3.

[0089] However, since the insulating layer 40 serves as a
dielectric layer in the capacitor area CAP, the insulating layer
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40 may be formed not too thick so that the capacitance of the
capacitor is not excessively decreased.

[0090] Also, in the organic light-emitting display 1 illus-
trated in FIG. 1, the interlayer insulating layer 60 is formed to
cover both edge portions of the first pixel electrode 151 and
both edge portions of the first upper electrode 351 of the
capacitor, while in the organic light-emitting display 3, the
interlayer insulating layer 60 is patterned not to cover a first
pixel electrode 151 and a first upper electrode 351 of a capaci-
tor. During an etching process for patterning the interlayer
insulating layer 60, the insulating layer 40 covering the light
absorption portions 130 and a part of the light-scattering
portion 20 may be simultaneously etched.

[0091] According to the configuration of the organic light-
emitting display 3, an aperture ratio of the pixel area PXL is
increased, thereby increasing an area where light is emitted,
and the lower electrode 330 of the capacitor is not influenced
by the interlayer insulating layer 60, and thus the organic
light-emitting display 3 may be entirely doped with ions.
[0092] FIG. 12 is a schematic cross-sectional view of an
organic light-emitting display 4 according to another embodi-
ment.

[0093] Referring to FIG. 12, the organic light-emitting dis-
play 4 has the same configuration as that of the organic
light-emitting display 1 illustrated in FIG. 1, except for a
patterned insulating layer 20-3 included in a light-scattering
portion 20. The insulating layer 20-3 illustrated in FIG. 1 is
disposed only in the pixel area PXL and includes the scatter-
ing patterns spaced apart from one another, while the insulat-
ing layer 20-3 of the current embodiment includes convex
patterns formed on a flat area to be spaced apart from one
another. The flat area of the insulating layer 20-3 extends to a
thin film transistor area TFT and a capacitor area CAP.
[0094] Light incident on the insulating layer 20-3 is scat-
tered in an area where the convex patterns are disposed and is
reflected or permeates in the other areas according to a gen-
eral condition.

[0095] According to the above-described organic light-
emitting displays and the method of manufacturing the dis-
plays, color shift according to a viewing angle can be reduced
by applying a resonance structure including a plurality of
scattering patterns.

[0096] While the above embodiments have been described
with reference to the accompanying drawings, it will be
understood by those of ordinary skill in the art that various
changes in form and details may be made therein without
departing from the spirit and scope of the following claims.

What is claimed is:

1. An organic light-emitting display comprising:

a pixel electrode disposed over a substrate;

an organic emission layer disposed on the pixel electrode;

an opposite electrode disposed on the organic emission
layer;

a light-scattering portion disposed between the substrate
and the organic emission layer, wherein the light-scat-
tering portion comprises 1) a plurality of insulating lay-
ers having different refractive indexes and ii) a plurality
of scattering patterns configured to scatter light emitted
from the organic emission layer; and

a plurality of light absorption portions disposed between
the light-scattering portion and the organic emission
layer to correspond to the scattering patterns, respec-
tively.
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2. The organic light-emitting display of claim 1, wherein
each of the light absorption portions is formed of a semicon-
ductor material.

3. The organic light-emitting display of claim 1, wherein
the insulating layers comprise at least one pair ofhigh and low
refractive index layers.

4. The organic light-emitting display of claim 3, wherein
the high refractive index layer is formed of silicon nitride, and
wherein the low refractive index layer is formed of silicon
oxide.

5. The organic light-emitting display of claim 3, wherein
the scattering patterns are formed in the high refractive index
layer.

6. The organic light-emitting display of claim 1, wherein
the scattering patterns are spaced apart from one another.

7. The organic light-emitting display of claim 6, wherein
the scattering patterns are substantially evenly spaced apart
from one another.

8. The organic light-emitting display of claim 6, wherein
each of the scattering patterns has a circular shape.

9. The organic light-emitting display of claim 1, further
comprising an additional insulating layer disposed to cover
the light absorption portions.

10. The organic light-emitting display of claim 9, wherein
the additional insulating layer comprises at least one pair of
high and low refractive index layers.

11. The organic light-emitting display of claim 10, wherein
the high refractive index layer is formed of silicon nitride, and
wherein the low refractive index layer is formed of silicon
oxide.

12. The organic light-emitting display of claim 9, further
comprising:

a thin film transistor disposed over the substrate to be
spaced laterally with respect to the pixel electrode,
wherein the thin film transistor comprises an active
layer, a gate electrode, and source and drain electrodes;
and

a capacitor comprising upper and lower electrodes.

13. The organic light-emitting display of claim 12, wherein
the active layer is formed of the same material as the light
absorption portions.

14. The organic light-emitting display of claim 12, wherein
the lower electrode of the capacitor is formed of the same
material as the light absorption portions.
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15. The organic light-emitting display of claim 12, wherein
the additional insulating layer is disposed between the active
layer and the gate electrode, and between the lower and upper
electrodes.

16. The organic light-emitting display of claim 12, wherein
the light-scattering portion is disposed to extend under the
active layer and the lower electrode.

17. The organic light-emitting display of claim 16, wherein
the scattering patterns are disposed only in an area corre-
sponding to the pixel electrode.

18. The organic light-emitting display of claim 1, wherein
the light absorption portions are substantially directly formed
above the scattering patterns, respectively.

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

forming, over a substrate, a plurality of insulating layers

which comprise at least one pair of high and low refrac-
tive index layers, wherein a high refractive index layer is
formed at the uppermost position of the insulating lay-
ers;

patterning the uppermost high refractive index layer so as

to form a plurality of scattering patterns which are con-
figured to scatter light;

forming at least one first insulating layer which covers the

scattering patterns;

forming a light absorption layer on the first insulating

layer;

patterning the light absorption layer so as to form a plural-

ity of light absorption portions which correspond to the
scattering patterns, respectively;

forming a second insulating layer which covers the light

absorption portions; and

sequentially forming a pixel electrode, an organic emission

layer, and an opposite electrode on the second insulating
layer.

20. The method of claim 19, wherein the patterning of the
uppermost high refractive index layer and the patterning of
the light absorption layer are performed with the use of the
same mask.

21. The method of claim 19, wherein the scattering patterns
are substantially evenly spaced apart from one another.

22. The method of claim 19, wherein each of the scattering
patterns has a circular shape.

L S S T



patsnap

TRAFROE) BNAXRE RBREREFIESZE
NIF(2E)E US20130037828A1 K (2E)R 2013-02-14
RS US13/333846 iR 2011-12-21

#RIEREEFR)AGE) MOON{THE
CHOI JOON HOO
EESIK

BRiF(E R AGE) MOON , SANG-HO
EHRHOO
CHO , KYU-SIK

LETEHIE(ERR)A(E) ZEDISPLAY CO. , LTD.

[#R]% BB A MOON SANG HO
CHOI JOON HOO
CHO KYU SIK
KA MOON, SANG-HO
CHOI, JOON-HOO
CHO, KYU-SIK
IPCH %5 HO1L51/52 HO1L51/56
CPCH%E HO1L51/5268 H01L51/5275 HO1L51/56 H01L27/3244 HO1L27/1218 HO1L51/5284
£ £ 1020110079148 2011-08-09 KR
H At 07 30k Us8710527
SNEBEEE Espacenet USPTO
RE0F) 951 252 /
D TENEXRERSENEHEENLEXERENFE, E—PEHESH o 070 a5 35
o, BNEAXRERSSE i) REEERLNEGEDRN i) 5HBEBR R & - %
ANREOANRR i) REERRSRMENSRZAGENLE o (Y 92 b BN N

BABHBIRBEERNENEREZE , QFESMSER, BT 5050

HHMNEATENHENEEEFNENERELHNN, SREFT 1300

AERBENRKST B NENEFEZANSARRKES AT {m4
20

20-3

BSER, ggﬁ y; T
i

1 |
] ]
| |
LW

PXL TFT



https://share-analytics.zhihuiya.com/view/3e3e75dc-8bed-42d0-8f1b-58ab87ef0839
https://worldwide.espacenet.com/patent/search/family/047645973/publication/US2013037828A1?q=US2013037828A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220130037828%22.PGNR.&OS=DN/20130037828&RS=DN/20130037828

