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ORGANIC LIGHT-EMITTING DISPLAY
APPARATUS

INCORPORATION BY REFERENCE TO
RELATED APPLICATIONS

[0001] Any and all priority claims identified in the Appli-
cation Data Sheet, or any correction thereto, are hereby incor-
porated by reference under 37 CFR 1.57. For example, this
application claims priority to and the benefit of Korean Patent
Application No. 10-2013-0022451, filed on Feb. 28,2013, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

BACKGROUND

[0002] 1.Field

[0003] This disclosure relates to an organic light-emitting
display apparatus, and more particularly, to an organic light-
emitting display apparatus having excellent light efficiency
and that is capable of reducing reflectivity of external light.
[0004] 2. Description of the Related Technology

[0005] Generally, an organic light-emitting display appara-
tus is a self-emission display which is formed by using an
organic light-emitting diode (OLED) which includes a hole-
injecting electrode, an electron-injecting electrode, and an
organic light-emitting layer formed therebetween. The
organic light-emitting display apparatus emits light when an
exciton, generated when a hole injected from the hole-inject-
ing electrode and an electron injected from the electron-
injecting electrode are combined, drops from an excitation
state to a ground state.

[0006] Since the organic light-emitting display apparatus,
which is a self-emission display, does not need an additional
power source, it may be driven with a low voltage, and may be
formed of light films. Additionally, the organic light-emitting
display apparatus provides high-quality characteristics such
as wide viewing angles, high contrast, and a rapid response.
Thus, an organic light-emitting display apparatus receives
consideration as a next-generation display apparatus.

SUMMARY

[0007] The present disclosure provides an organic light-
emitting display apparatus having excellent light efficiency
and that is capable of reducing reflectivity of external light.
[0008] According to an aspect of the present disclosure,
there is provided an organic light-emitting display apparatus
including: an insulating layer having a inclined structure; a
first electrode disposed on the insulating layer; a selective
wavelength transparent layer disposed on the first electrode; a
pixel defined layer disposed on the insulating layer and the
first electrode and defining an emissive region and a non-
emissive region; an organic emissive layer disposed on the
first electrode; and a second electrode disposed on the organic
emissive layer.

[0009] In some embodiments, the first electrode may be
provided on a bottom surface and a sidewall of the inclined
structure.

[0010] In some embodiments, the pixel defined layer may
extend on an upper surface of the insulating layer, and the
emissive region may include an opening exposing the first
electrode.

[0011] In some embodiments, the pixel defined layer may
cover the selective wavelength transparent layer.
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[0012] In some embodiments, an N(N°3, N is an integer)
number of low refractive index layers and an N number of
high refractive index layers may be alternately stacked in the
selective wavelength transparent layer.

[0013] In some embodiments, a difference in a refractive
index between the N number of low refractive index layers
and the N number of high refractive index layers may be equal
to or greater than 0.5.

[0014] In some embodiments, a thickness of one of the N
number of low refractive index layers may be greater than
thicknesses of the other low refractive index layers. In some
embodiments, one of the low refractive index layers has a
thickness T" and each of the other low refractive index layers
has a thickness T2. In some embodiments, the thickness T* is
greater than the thicknesses T°.

[0015] In some embodiments, a thickness of an intermedi-
ate layer of the low refractive index layers may be greater than
thicknesses of the other low refractive index layers.

[0016] In some embodiments, a sidewall of the inclined
structure may have a tilt angle in a range from about 20
degrees to about 70 degrees with respect to an extending line
of a bottom surface of the inclined structure.

[0017] In some embodiments, the inclined structure may
have a recess shape, and the first electrode may have a con-
cave shape.

[0018] In some embodiments, the first electrode may be
disposed on a sidewall of the inclined structure, and reflect
light generated in the organic emissive layer.

[0019] In some embodiments, the inclined structure may
have a protruding shape, and the first electrode may have a
convex shape.

[0020] In some embodiments, the first electrode may be a
transparent electrode, and the second electrode may be a
bottom emissive type including a reflective layer.

[0021] According to another aspect of the present disclo-
sure, there is provided an organic light-emitting display appa-
ratus including: a substrate; an insulating layer disposed on
the substrate and including a recess having a inclined surface;
an organic light-emitting diode (OLED) disposed on the insu-
lating layer and including a first electrode, an organic emis-
sive layer, and a second electrode; a pixel defined layer dis-
posed between the first electrode and the second electrode
and defining an emissive region and a non-emissive region;
and a selective wavelength transparent layer provided on the
inclined surface.

[0022] In some embodiments, the first electrode may be
disposed on the inclined surface.

[0023] Insome embodiments, the insulating layer may fur-
ther comprise a plurality of recesses, and the OLED may be
disposed in each of the recesses.

[0024] In some embodiments, an N(N=3, N is an integer)
number of low refractive index layers and an N number of
high refractive index layers may be alternately stacked in the
selective wavelength transparent layer, wherein a thickness of
one of the N number of low refractive index layers is different
from thicknesses of the other low refractive index layers. In
some embodiments, one of the low refractive index layers has
a thickness T° and each of the other low refractive index
layers has a thickness T#, and wherein thickness T2 is differ-
ent than the thicknesses T*.

[0025] In some embodiments, the organic light-emitting
display apparatus may further include: a thin film transistor
connected to the first electrode.
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[0026] In some embodiments, the organic light-emitting
display apparatus may further include: a sealing film covering
the OLED.

[0027] In some embodiments, the first electrode may
include a reflective layer.

[0028] According to another aspect of the present disclo-
sure, there is provided an organic light-emitting display appa-
ratus including: a substrate; an insulating layer disposed on
the substrate and including a plurality of recesses each having
a inclined surface; a plurality of OLEDs disposed on the
insulating layer and including a first electrode, an organic
emissive layer, and a second electrode; and a pixel defined
layer disposed between the first electrode and the second
electrode and defining an emissive region and a non-emissive
region, wherein the pixel defined layer is a color filter.
[0029] In some embodiments, the inclined surface may
have a tilt angle in a range from about 20 degrees to about 70
degrees with respect to a parallel line of the substrate.
[0030] In some embodiments, the first electrode may be
disposed on the inclined surface.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The above and other features and advantages of the
present disclosure will become more apparent by describing
in detail exemplary embodiments thereof with reference to
the attached drawings in which:

[0032] FIG. 11is a cross-sectional view of an organic light-
emitting display apparatus according to an embodiment of the
present invention;

[0033] FIG. 2 is a cross-sectional view of an organic light-
emitting display apparatus according to another embodiment
of the present invention;

[0034] FIG. 3 is a schematic cross-sectional view of a
region I of FIGS. 1 and 2;

[0035] FIGS. 4 and 5 are schematic cross-sectional views
ofaselective wavelength transparent layer applied to embodi-
ments of the present invention;

[0036] FIGS. 6A through 6C are graphs showing a charac-
teristic of the selective wavelength transparent layer of FIG. 5
according to a design change thereof;,

[0037] FIG. 7 is a schematic cross-sectional view of a
region I of FIGS. 1 and 2, according to another embodiment
of the present invention; and

[0038] FIG. 8 is a schematic cross-sectional view of a
region I of FIGS. 1 and 2, according to another embodiment
of the present invention.

DETAILED DESCRIPTION

[0039] The present disclosure will now be described more
fully with reference to the accompanying drawings, in which
exemplary embodiments are shown Like reference numerals
in the drawings denote like elements, and thus their descrip-
tion will be omitted. In the drawings, the lengths and sizes of
elements are exaggerated for clarity and convenience of
description.

[0040] This disclosure may be embodied in many different
forms and should not be construed as limited to the exemplary
embodiments set forth herein. For example, it will be under-
stood that when a layer is referred to as being “on” or “‘on the
top of” another layer, the layer can be directly on another
layer or intervening or layers.

[0041] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
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be limiting of the invention. As used herein, the singular
forms “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises,”
“comprising,” “includes,” and/or “including,” when used
herein, specify the presence of stated steps, operations, and/or
elements, but do not preclude the presence or addition of one
or more other steps, operations, and/or elements. It will be
understood that, although the terms, “first’, ‘second’, etc. may
be used herein to describe various elements, these elements
should not be limited by these terms. These terms are only
used to distinguish one element from another.

[0042] As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed items.
Bxpressions such as “at least one of,” when preceding a list of
elements, modify the entire list of elements and do not modify
the individual elements of the list.

[0043] FIGS. 1 and 2 are cross-sectional views of organic
light-emitting display apparatuses 1 and 2, according to
embodiments of the present invention.

[0044] Referring to FIG. 1, the organic light-emitting dis-
play apparatus 1 includes an organic emissive portion 22
provided on asubstrate 21 and a sealing substrate 23 that seals
the organic emissive portion 22.

[0045] In some embodiments, the organic emissive portion
22 may include a plurality of organic light-emitting diodes
(OLEDs) that emit one of red, green, blue, and white colors,
as described later.

[0046] In some embodiments, the sealing substrate 23 may
be formed of a transparent material to form an image from the
organic emissive portion 22 and to prevent oxygen and mois-
ture from reaching the organic emissive portion 22.

[0047] Edges of the substrate 21 and the sealing substrate
23 are coupled to each other by using a sealing member 24 so
thatan inner space 25 between the substrate 21 and the sealing
substrate 23 is sealed. In some embodiments, a moisture
absorbent or a filler may be disposed in the inner space 25.
[0048] Referring to FIG. 2, the organic light-emitting dis-
play apparatus 2 includes the organic emissive portion 22
provided on the substrate 21 and a sealing film 26 that seals
the organic emissive portion 22.

[0049] The organic light-emitting display apparatus 2 of
FIG. 2 is different from the organic light-emitting display
apparatus 1 of FIG. 1 in that the organic light-emitting display
apparatus 2 includes the sealing film 26 that is a thin film
instead of the sealing substrate 23 of F1G. 1. In some embodi-
ments, the sealing film 26 may cover the organic emissive
portion 22 to protect the organic emissive portion 22 from
external air. For example, the sealing film 26 may have a
structure in which an inorganic layer formed of an inorganic
substance such as silicon oxide or silicon nitride and an
organic layer formed of an organic substance such as epoxy or
polyimide are alternately formed.

[0050] Insome embodiments, the number of inorganic lay-
ers or organic layers may be plural.

[0051] In some embodiments. the organic layer may be
formed of polymer, and be a single layer or multi-layer
formed of one selected from the group consisting of polyeth-
ylene terephthalate, polyimide, polycarbonate, epoxy, poly-
ethylene, and polyacrylate. In some embodiments, the
organic layer may also be formed of polyacrylate, and, more
particularly, include a high molecular monomer component
including a diacrylate-based monomer and a triacrylate-
based monomer. In some embodiments, the monomer com-
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ponent may further include a monoacrylate-based monomer.
In some embodiments, the monomer component may further
include a well-known photoinitiator such as TPO (2,4,6-Tri-
methylbenzoyl-diphenyl-phosphineoxide) but it is not lim-
ited thereto.

[0052] Insome embodiments, the inorganic layer may be a
single layer or multi-layer including metal oxide or metal
nitride. In some embodiments, the inorganic layer may
include one selected from the group consisting of SiNXx,
AlLQO;, S810,, Ti0,, etc.

[0053] In some embodiments, an uppermost layer of the
sealing film 26 that is exposed to the outside may be an
inorganic layer so as to prevent moisture from reaching an
OLED.

[0054] In some embodiments, the sealing film 26 may
include at least one sandwich structure in which at least one
organic layer is disposed between at least two inorganic lay-
ers. In some embodiments, the sealing film 26 may include at
least one sandwich structure in which at least one inorganic
layer is disposed between at least two organic layers.

[0055] In some embodiments, the sealing film 26 may
sequentially include a first inorganic layer, a first organic
layer, and a second inorganic layer from an upper portion of
the organic emissive portion 22. In some embodiments, the
sealing film 26 may also include the first inorganic layer, the
first organic layer, the second inorganic layer, a second
organic layer, and a third inorganic layer from the upper
portion of the organic emissive portion 22. In some embodi-
ments, the sealing film 26 may also include the first inorganic
layer, the first organic layer, the second inorganic layer, the
second organic layer, the third inorganic layer, a third organic
layer, and a fourth inorganic layer from the upper portion of
the organic emissive portion 22.

[0056] In some embodiments, a halogenized metal layer
including LiF may be further disposed between the organic
emissive layer 22 and the first inorganic layer. In some
embodiments, the halogenized metal layer may prevent the
organic emissive layer 22 from being damaged when the first
inorganic layer is formed using a sputtering method or plasma
deposition method.

[0057] In some embodiments, the first organic layer may
have a narrower area than that of the second inorganic layer.
In some embodiments, the second organic layer may also
have a narrower area than that of the third inorganic layer. In
some embodiments, the first organic layer may be entirely
covered by the second inorganic layer. In some embodiments,
the second organic layer may also be entirely covered by the
third inorganic layer.

[0058] As another example, the sealing film 26 may have a
film structure including low melting glass such as tin oxide
(SnO). However, this is merely exemplary and the sealing
film 26 is not necessarily limited thereto.

[0059] FIG. 3is a schematic cross-sectional view of region
Tof FIGS. 1 and 2.

[0060] Referring to FIG. 3, an organic light-emitting dis-
play apparatus 100 may include the substrate 21, a buffer film
211, a thin film transistor TR, an insulating layer 210 includ-
ing an inclined structure 209, an OLED, a pixel defined layer
223, and a selective wavelength transparent layer 30.

[0061] In some embodiments, the substrate 21 may be
formed of transparent glass having silicon dioxide (SiO,) as a
main component. However, the substrate 21 is not necessarily
limited thereto, and may be formed of various materials such
as ceraniic, transparent plastic, metal, and the like.
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[0062] In some embodiments, the buffer film 211 may
function to prevent impurity ions, moisture, or external air
from reaching an upper surface of the substrate 21 and pla-
narize a surface of the substrate 21. In some embodiments, the
buffer film 211 may be formed of an inorganic substance such
as silicon oxide, silicon nitride, silicon oxynitride, aluminum
oxide, aluminum nitride, titanium oxide, or titanium nitride,
etc., an organic substance such as polyimide, polyester, acryl,
etc., or a stack structure of the inorganic substance and the
organic substance. The buffer film 211 is not an indispensable
element and may not be provided according to circumstances.
In some embodiments, the buffer film 211 may be formed by
using diverse deposition methods such as plasma-enhanced
chemical vapor deposition (PECVD), atmospheric pressure
chemical vapor deposition (APCVD), low pressure CVD
(LPCVD), and the like.

[0063] The thin film transistor TR includes an active layer
212, agateelectrode 214, and source and drain electrodes 216
and 217. A gate insulating layer 213 for insulating the gate
electrode 214 from the active layer 212 is disposed between
the gate electrode 214 and the active layer 212.

[0064] In some embodiments, the active layer 212 may be
provided on the buffer film 211. In some embodiments, the
active layer 212 may use an inorganic semiconductor or an
organic semiconductor such as amorphous silicon or polysili-
con. In some embodiments, the active layer 212 may be
formed of an oxide semiconductor. For example, the oxide
semiconductor may include an oxide of at least one material
selected from metal elements in Groups 12 through 14 con-
sisting of zinc (Zn), indium (In), gallivm (Ga), stannum (Sn),
cadmium (Cd), germanium (Ge), and hafnium (Hf), and a
combination thereof.

[0065] Insome embodiments, the gate insulating layer 213
may be provided on the buffer film 211 to cover the active
layer 212. In some embodiments, the gate electrode 214 may
be formed on the gate insulating layer 213.

[0066] Insomeembodiments, an interlayer insulating layer
215 may be formed on the gate insulating layer 213 to cover
the gate electrode 214. In some embodiments, the source and
drain electrodes 216 and 217 may be formed on the interlayer
insulating layer 215 to contact the active layer 212 through
contact holes.

[0067] The above-described structure of the thin film tran-
sistor TR is not necessarily limited thereto, and other struc-
tures of a thin film transistor TR may be applied. For example,
the thin film transistor TR is formed as a top gate structure or
may be formed as a bottom gate structure in which the gate
electrode 214 is disposed below the active layer 212.

[0068] In some embodiments, a pixel circuit (not shown)
including a capacitor and the thin film transistor TR may be
formed.

[0069] Insome embodiments, the insulating layer 210 may
include the inclined structure 209. In some embodiments, the
insulating layer 210 may be provided on the interlayer insu-
lating layer 215 to cover the pixel circuit including the thin
film transistor TR. In some embodiments, the insulating layer
210 may be composed of a plurality of insulating films.
[0070] In some embodiments, the inclined structure 209
includes a planarized bottom surface and a side wall having a
tilt angle 6. In some embodiments, the inclined structure 209
may be provided to form a recess having inclined surface in a
part of the insulating layer 210. The tilt angle 0 refers to an
angle formed by an extending line of a bottom surface and a
side wall of the inclined structure 209 and may be adjusted
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through a process. An upper width of the inclined structure
209 may be greater than a lower width thereof since it has the
side wall having the tilt angle 8. In some embodiments, the tilt
angle 8 may be in a range from about 20 degrees to about 70
degrees with respect to the extending line of the bottom
surface.

[0071] Insome embodiments, the insulating layer 210 may
be formed of an inorganic substance and/or an organic sub-
stance. For example, the insulating layer 210 may include
photoresist, acryl-based polymer, polyimide-based polymer,
polyamide-based polymer, siloxane-based polymer, polymer
including a photosensitive acryl carboxyl group, novolac
resin, alkali soluble resin, silicon oxide, silicon nitride, sili-
con oxynitride, silicon oxycarbide, silicon carbonitride, alu-
minum, magnesium, zinc, hafnium, zirconium, titanium, tan-
talum, aluminum oxide, titanium oxide, tantalum oxide,
magnesium oxide, zinc oxide, hafnium oxide, zirconium
oxide, etc.

[0072] Insome embodiments, the insulating layer 210 may
include a first insulating layer 218 and a second insulating
layer 219. In some embodiments, the first insulating layer 218
may be a single-layered or multi-layered insulating film hav-
ing a planarized top surface. In some embodiments, the sec-
ondinsulating film 219 may be disposed on the first insulating
layer 218 and have the inclined structure 209. In some
embodiments, the first insulating layer 218 and the second
insulating layer 219 may be formed of a same or similar
material. In some embodiments, the first insulating layer 218
and the second insulating layer 219 may be also formed of
different materials.

[0073] Insome embodiments, the OLED may be disposed
on the insulating layer 210 and may include a first electrode
221, an organic emissive layer 220, and a second electrode
222. In some embodiments, the pixel defined layer 223 may
be disposed on the insulating layer 210 and the first electrode
221 and defines an emissive region and a non-emissive
region.

[0074] In some embodiments, the organic emissive layer
220 may be formed of a low-molecular weight organic mate-
rial ora polymer organic material. When the organic emissive
layer 220 is formed of a low-molecular weight organic mate-
rial, a hole injection layer (HIL), a hole transport layer (HTL),
an emission layer (EML), an electron transport layer (ETL),
an electron injection layer (EIL), etc. may be stacked to form
a single or multiple structure. These low-molecular weight
organic materials may be formed using a vacuum deposition
method. In this regard, the organic emissive layer 220 may be
independently formed for each of red R, green G, and blue B
pixels. The HIL, the HTL, the ETL, and the EIL. may be
applied to the RGB pixels as common layers.

[0075] Otherwise, when the organic emissive layer 220 is
formed of a polymer organic material, only an HIL may be
included with respect to an EML in a direction of the first
electrode 221. In some embodiments, the HIL may be formed
of poly(3,4-ethylenedioxythiophene)(PEDOT) or polya-
niline (PANI) and formed on an upper portion of the first
electrode 221 using an inkjet printing method or a spin coat-
ing method. In this regard, a polyphenylene vinylene (PPV)
or polyfluorene-based polymer organic substance may be
used as an organic material, and a color pattern may be
formed using a general method such as the inkjet printing
method or the spin coating method or a thermal transfer
method using laser.
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[0076] Insome embodiments, the HIL may be formed of a
phthalocyanine component such as copper phthalocyanine or
TCTA, m-MTDATA, m-MTDAPB, etc. that are starburst type
amine derivatives.

[0077] In some embodiments, the HTL may be formed of
N,N'-bis(3-methylphenyl)-N,N'-diphenyl-[ 1,1-biphenyl]-4,
4'-diamine (TPD), N,N'-di(naphthalene-1-yl),N'-diphenyl
benzidine (a-NPD), etc.

[0078] In some embodiments, the EIL may be formed of
LiF, NaCl, CsF, 1120, BaO, Lig, etc.

[0079] In some embodiments, the ETL may be formed of
Alg,.
[0080] Insome embodiments, the EML may be formed ofa

host material and a dopant material.

[0081] In some embodiments, the host material may use
Tris(8-hydroxyquilonato) aluminum (Alg3), 9,10-di (naphth-
2-yl)anthracene (AND), 3-tert-butyl-9,10-di(naphth-2y1 Jan-
thracene (TBADN), 4,4'-bis(2,2-diphenyl-ethene-1-y1)-4,4'-
dimethylphenyl (DPVBI), 4,4'-bis(2,2-diphenyl-ethene-1-
yl)-4,4'-dimethylphenyl (p-DMDPVBI), Tert (9,9-diaryl-
fluorene)-s  (TDAF),  2-(9,9'-spirobifluorene-2-y1)-9,9'-
spirobifluorene (BSDF), 2,7-bis(9,9'-spirobifluorene-2-y1)-
9,9%spirobifluorene  (TSDF),  bis-(9,9-diaryl-fluorene)s
(BDAF), 4,4'-bis(2,2-diphenyl-ethene-1-y1)-4,4'-di-(tert-bu-
tyDphenyl  (p-TDPVBI), 1,3-bis(carbazole-9-yl)benzene
(mCP), 1,3,5-tris (carbazole-9-yl)benzene (tCP), 4,4',4"-tris
(carbazole-9-yl)triphenylamine (TcTa), 4,4'-bis(carbazole-9-
yDbiphenyl (CBP), 4,4'-bis(9-carbazolyl)-2,2'-dimethyl-bi-
phenyl (CBDP), 4,4'-bis(carbazole-9-y1)-9,9-dimethyl-
fluorene (DMFL-CBP), 4,4'-bis(carbazole-9-y1)-9,9-bis(9-
phenyl-9H-carbazole)fluorene (FL-4CBP), 4 4'-bis
(carbazole-9-y1)-9,9-di-tolyl-fluorene (DPFL-CBP), 9,9-bis
(9-phenyl-9H-carbazole)fluorene (FL-2CBP), etc.

[0082] Insomeembodiments, the dopant material may use
4,4'bis[4-(di-p-tolylamino)styryl]biphenyl (DPAVBI), 9,10-
di(naph-2-thyl)anthracene  (AND),  3-tert-butyl-9,10-di
(naph2-thyl)anthracene (TBADN), etc.

[0083] In some embodiments, the first electrode 221 may
be disposed on the insulating layer 210. In some embodi-
ments, the first electrode 221 may be disposed on the side wall
of the inclined structure 209 with respect to the bottom sur-
face thereof. In some embodiments, the first electrode 221
may be at an angle that is the same as or similar to the tilt angle
0 formed by the side wall of the inclined structure 209 with
respect to the extending line of the bottom surface of the
inclined structure 209. In some embodiments, the first elec-
trode 221 may have a concave shape since it is disposed on the
side wall of the inclined structure 209.

[0084] In acase where light generated in the organic emis-
sive layer 220 isincident to the first electrode 221 disposed on
the side wall of the inclined structure 209, the incident light
may be reflected from the first electrode 221 and discharged
to the outside. In this regard, the tilt angle 8 may be adjusted
in such a way that the light generated in the organic emissive
layer 220 may be emitted in a desired direction. Accordingly,
an efficiency of the light discharged from the OLED disposed
on the inclined structure 209 to the outside may be improved.
[0085] In some embodiments, the first electrode 221 may
be electrically connected to the drain electrode 217 of the thin
film transistor TR via a through hole 208 that passes through
the insulating layer 210. Although the through hole 208 is
formed in the bottom surface of the inclined structure 209 in
FIG. 3, the present embodiments are not limited thereto. In
some embodiments, the through hole 208 may be formed in
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the side wall of the inclined structure 209 or in an upper
surface of the insulating layer 210.

[0086] In some embodiments, the first electrode 221 may
function as an anode and the second electrode 222 may func-
tion as a cathode. However, the polarities of the first and
second electrodes 221 and 222 are not limited thereto and
may be switched.

[0087] If the first electrode 221 functions as an anode, the
first electrode 221 may include indium tin oxide (ITO),
indium zinc oxide (1Z0), zinc oxide (ZnO), or indium oxide
(In,O;) having a high work function. If the organic light-
emitting display device 1 is a top emission type for displaying
an image in a direction opposite to the display substrate 21,
the first electrode 221 may further include a reflective layer
including metal such as silver (Ag), magnesium (Mg), alu-
minum (Al), platinum (Pt), palladium (Pd), gold (Au), nickel
(Ni), neodymium (Nd), iridium (Ir), chromium (Cr), lithium
(L1), ytterbium (Yb), or calcium (Ca), or an alloy thereof. In
some embodiments, the first electrode 221 may be formed as
a monolayer or a multilayer including the above-mentioned
metal or alloy. In some embodiments, the first electrode 221
may include an ITO/Ag/ITO structure as a reflective elec-
trode.

[0088] If the second electrode 222 functions as a cathode
electrode, the second electrode 222 may be formed of metal
such as Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, L1, or Ca. If the
organic light-emitting display device 1 is a top emission type,
the second electrode 222 should transmit light. In some
embodiments, the second electrode 222 may include trans-
parent conductive metal oxide such as 1TO, [ZO, zinc tin
oxide (ZTO), ZnO, or In,0,. According to another embodi-
ment, the second electrode 222 may be formed as a thin film
including at least one selected from the group consisting of
Li, Ca, LiF/Ca, LiF/Al, Al, Ag, Mg, and Yb. For example, the
second electrode 222 may be formed as a monolayer or a
multilayer including Mg:Ag, Ag:Yb, and/or Ag. Unlike the
first electrode 221, the second electrode 222 may be formed to
apply a common voltage to all pixels.

[0089] In some embodiments, the pixel defining layer 219
defines the pixel regions PA of the OLEDs and the non-pixel
region NPA by using a plurality of openings for exposing the
first electrode 221. In the opening of the pixel defining layer
219, the first electrode 221, the organic emission layer 220B
or 220R, and the second electrode 222 may be sequentially
stacked and the organic emission layer 220B or 220R may
emit light. That is, a region where the pixel defining layer 219
is formed substantially corresponds to the non-pixel region
NPA, and the openings of the pixel defining layer 219 sub-
stantially correspond to the pixel regions PA.

[0090] In some embodiments, the pixel defined layer 223
may be disposed on the insulating layer 210 and the first
electrode 221 and may define the emissive region and the
non-emissive region. In some embodiments, the pixel defined
layer 223 may cover the first electrode 221 disposed on the
side wall of the inclined structure 209 and extend on the upper
surface of the insulating layer 210. In other words, the pixel
defined layer 223 may be disposed between a part of the
bottom surface and an upper part of the side wall of the
inclined structure 209. A part of the pixel defined layer 223 is
the non-emissive region. In some embodiments, an opening
(not shown) pixel defined layer disposed between the pixel
defined layers 223 and exposes the first electrode 221 may be
the emissive region.
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[0091] In some embodiments, the organic emissive layer
220 may be disposed on the pixel defined layer 223. In other
words, the organic emissive layer 220 may be disposed on the
first electrode 221 of the opening 2234 and extend on the
upper portion of the pixel defined layer 223.

[0092] In some embodiments, the pixel defined layer 223
may be formed of an organic material, an inorganic material,
etc. For example, the pixel defined layer 223 may include an
organic material such as photoresist, polyacryl-based resin,
polyimide-based resin, acryl-based polymer, or an inorganic
material such as a silicon compound.

[0093] A pixel is defined by the opening pixel defined layer
between the pixel defined layers 223, and a single OLED is
disposed for each pixel. Each pixel may be a red pixel, a green
pixel, a blue pixel, or a white pixel according to a color
emitted by the organic emissive layer 220 of the OLED.
[0094] In some embodiments, the selective wavelength
transparent layer 30 may be provided to reduce reflection by
external light while maintaining light efficiency that may be
increased by the inclined structure 209.

[0095] In some embodiments, the selective wavelength
transparent layer 30 may be provided on the first electrode
221 disposed on the side wall of the inclined structure 209. In
some embodiments, the selective wavelength transparent
layer 30 may transmit only light of a wavelength range gen-
erated in the organic emissive layer 220 of each pixel and may
not transmit light of other wavelength ranges. In other words,
a selective wavelength transparent layer 30 that transmits
only a red light is provided in a red pixel, a selective wave-
length transparent layer 30 that transmits only a green light is
provided in a green pixel, and a selective wavelength trans-
parent layer 30 that transmits only a blue light is provided in
a blue pixel.

[0096] Thus, the light generated in the organic emissive
layer 220 of each pixel and traveling to a side surface thereof
may transmit through the selective wavelength transparent
layer 30 disposed on a inclined surface and then may be
reflected from the first electrode 221 and emitted to the out-
side, whereas most of the light incident from the outside may
not transmit through the selective wavelength transparent
layer 30 and may become extinct.

[0097] For example, the selective wavelength transparent
layer 30 that transmits only the red light is provided in the red
pixel so that the red light generated in the organic emissive
layer 220 may transmit through the selective wavelength
transparent layer 30. Then the light may be reflected from the
first electrode 221 disposed on the inclined surface and be
emitted to the outside, whereas visible light of the light inci-
dent from the outside, except for the red light, may not trans-
mit through the selective wavelength transparent layer 30 and
thus may not be reflected from the first electrode 221.
[0098] In some embodiments, the selective wavelength
transparent layer 30 may be a red, green, or blue color filter
according to each pixel. In some embodiments, the selective
wavelength transparent layer 30 may have a structure in
which low refractive index layers and high refractive index
layers are alternately stacked, as described with reference to
FIGS. 4 and 5 below.

[0099] FIGS. 4 and 5 are schematic cross-sectional views
of the selective wavelength transparent layer 30 applied to
embodiments of the present invention.

[0100] Referring to FIG. 4, an N(N°3, N is an integer)
number of low refractive index layers 14, 24, 3a, .. ., Naand
an N number ofhigh refractive index layers 14, 26,356, ... ,Nb
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may be alternately stacked in the selective wavelength trans-
parent layer 30. Although the low refractive index layer 1a is
disposed as a lowermost layer of the selective wavelength
transparent layer 30, the present embodiments are not limited
thereto, and the high refractive index layer 15 may be dis-
posed as a lowermost layer of the selective wavelength trans-
parent layer 30.

[0101] A difference in a refractive index n between the low
refractive index layers 1a, 2a, 3a, . . . , Na and the high
refractive index layers 15, 2b, 3b, . . ., Nb may be equal to or
greater than approximately 0.5. A thickness d1 of each of the
low refractive index layers 1a, 24, 3q, . . ., Naand a thickness
d2 of each of the high refractive index layers 15, 25, 36, . . .,
Nb may be designed such that a light path (nd, n denotes the
refractive index, and d denotes a moving distance of light) is
M4, In this regard, A may denote a wavelength of light that
may transmit through the selective wavelength transparent
layer 30.

[0102] In this regard, a thickness d3 of at least one of the
low refractive index layers 1a, 2a, 34, .. ., Namay be different
from the thickness d1 of the other layers. For example, the
thickness d3 of at least one of the low refractive index layers
1a,2a,3a, ..., Namay be greater than the thickness d1 of the
other layers. In some embodiments, the low refractive index
layer having a different thickness may be disposed in the
middle of the selective wavelength transparent layer 30.
[0103] FIG. 5 shows the selective wavelength transparent
layer 30 in a case where the low refractive index layers 1a~6a
and the high refractive index layers 15~6b are 6 pairs.
[0104] Referring to FIG. 5, the selective wavelength trans-
parent layer 30 has a structure in which the low refractive
index layer 1a, the high refractive index layer 15, the low
refractive index layer 2a, the high refractive index layer 25, .
.. , the low refractive index layer 6a, and the high refractive
index layer 6b are stacked.

[0105] In some embodiments, the first through sixth low
refractive index layers 1a~6a may have a same or similar
refractive index. The first through sixth high refractive index
layers 15~6b may have a same or similar refractive index.
[0106] Insome embodiments, the refractive index of each
of the first through sixth low refractive index layers 1la~6a
may be approximately 0.5 times or more smaller than that of
each of the first through sixth high refractive index layers
16~66.

[0107] In some embodiments, the thickness d1 of the first,
second, third, fifth, and sixth low refractive index layers 1aq,
2a, 3a, 5a, and 6a may be the same or similar. In some
embodiments, the thickness d2 of the first through sixth high
refractive index layers 16~6b may be the same or similar. In
some embodiments, the thickness d1 may be smaller than the
thickness d2.

[0108] In some embodiments, the fourth low refractive
index layer 4a may have a thickness d3 that is different from
those of the first, second, third, fifth, and sixth low refractive
index layers 1a, 2a, 3a, 54, and 6a. In some embodiments, the
thickness d3 of the fourth low refractive index layer 4a may
be 1.5 times or more greater than the thickness d1 of the first,
second, third, fifth, and sixth low refractive index layers 1aq,
2a, 3a, 5a, and 6a.

[0109] FIGS. 6A through 6C are graphs showing a charac-
teristic of the selective wavelength transparent layer 30 of
FIG. 5 according to a design change thereof.

[0110] Common design parameters with respect to data of
FIGS. 6A through 6C are as follows:
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[0111] 1)Refractive index of the low refractive index layers
la~6a: 1.5

[0112] 2) Refractive index of the high refractive index lay-
ers 15~6b: 2.3

[0113] 3) Thickness d1 of the first, second, third, fifth, and
sixth low refractive index layers 14, 24, 3a, 5¢, and 6a: 70 nm
[0114] 4) Thickness d2 of the high refractive index layers
16~65: 100 nm

[0115] The data of FIGS. 6A through 6C shows the char-
acteristic of the selective wavelength transparent layer 30
with respect to a change in the thickness d3 of the fourth low
refractive index layer 4a.

[0116] Referring to FIG. 6A, the thickness d3 of the fourth
low refractive index layer 4a is 140 nm. In this case, light of
awavelength from about 460 nm to about 470 nm in a visible
light range may be transmitted like a region A, which repre-
sents a blue light.

[0117] Referring to FIG. 6B, the thickness d3 of the fourth
low refractive index layer 4a is 220 nm. In this case, light of
awavelength from about 520 nm to about 530 nm in a visible
light range may be transmitted like a region B, which repre-
sents a green light.

[0118] Referring to FIG. 6C, the thickness d3 of the fourth
low refractive index layer 4a is 320 nm. In this case, light of
awavelength from about 610 nm to about 620 nm in a visible
light range may be transmitted like a region C, which repre-
sents a red light.

[0119] As described above, the design change of the selec-
tive wavelength transparent layer 30 may be made by chang-
ing a thickness of one of a plurality of low refractive index
layers so as to transmit light of a desired wavelength range.
[0120] The above-described design parameter is merely an
example, and may be changed in various ways. For example,
adifference in a refractive index, the number of low refractive
index layers having different thicknesses, a location of a low
refractive index layer having a different thickness, etc. may be
changed. Also, the selective wavelength transparent layer 30
may be designed by changing a thickness of at least one of
high refractive index layer instead of low refractive index
layers.

[0121] FIG. 7 is a schematic cross-sectional view of region
Tof FIGS. 1 and 2, according to another embodiment of the
present invention. The same reference numerals between
FIGS. 3 and 7 denote the same elements, and thus repeated
descriptions thereof are omitted here for brevity of explana-
tion.

[0122] Referring to FIG. 7, an organic light-emitting dis-
play apparatus 200 is different from the organic light-emitting
display apparatus 100 of FIG. 3 in that the organic light-
emitting display apparatus 200 does not include the selective
wavelength transparent layer 30 and instead includes a pixel
defined layer 225 functioning as the selective wavelength
transparent layer 30.

[0123] In some embodiments, the pixel defined layer 225
may be a color filter. That is, the pixel defined layer 225 may
transmit only light of a wavelength range generated in the
organic emissive layer 220 of each pixel and may not transmit
light of other wavelength ranges. In other words, a pixel
defined layer 225 that transmits only a red light is provided in
a red pixel, a pixel defined layer 225 that transmits only a
green light is provided in a green pixel, and a pixel defined
layer 225 that transmits only a blue light is provided in a blue
pixel.



US 2014/0239259 Al

[0124] Thus, the light generated in the organic emissive
layer 220 of each pixel and traveling to a side surface may
transmit through the pixel defined layer 225 and then may be
reflected from the first electrode 221 and emitted to the out-
side, whereas most of the light incident from the outside may
not transmit through the pixel defined layer 225 and may
become extinct.

[0125] FIG. 8 is a schematic cross-sectional view of a
region I of FIGS. 1 and 2, according to another embodiment
of the present invention. The same reference numerals
between FIGS. 3 and 8 denote the same elements, and thus
repeated descriptions thereof are omitted here for brevity of
explanation.

[0126] Referring to FIG. 8, an organic light-emitting dis-
play apparatus 300 is different from the organic light-emitting
display apparatus 100 of FIG. 3 in that the organic light-
emitting display apparatus 300 has a top emissive structure in
which light is emitted in a direction of the substrate 21.
[0127] In some embodiments, the organic light-emitting
display apparatus 300 may include an insulating layer 210
having a inclined structure 209 having a protruding shape.
Also, an OLED may be provided on a protruding portion of
the insulating layer 210. In this case, the first electrode 221
may be a transparent electrode and have a convex shape. In
some embodiments, the second electrode 222 may include a
reflective material.

[0128] In some embodiments, the selective wavelength
transparent layer 30 may be disposed on the first electrode
221 disposed on the sidewall of the inclined structure 209. In
some embodiments, the selective wavelength transparent
layer 30 may transmit only light of a wavelength range gen-
erated in the organic emissive layer 220 of each pixel and may
not transmit light of other wavelength ranges.

[0129] Thus, the light generated in the organic emissive
layer 220 of each pixel and traveling in a direction of a side
surface thereof may be reflected from the second electrode
222 and then emitted toward the substrate 21, whereas most of
the light incident from the outside may not transmit through
the selective wavelength transparent layer 30 and may
become extinct, and thus an external light reflectivity of the
organic light-emitting display apparatus 300 may be reduced.
[0130] It should be understood that example embodiments
described herein should be considered in a descriptive sense
only and not for purposes of limitation. Descriptions of fea-
tures or aspects within each embodiment should typically be
considered as available for other similar features or aspects in
other embodiments. While some example embodiments have
been particularly shown and described, it will be understood
by one of ordinary skill in the art that variations in form and
detail may be made therein without departing from the spirit
and scope of the claims.

What is claimed is:

1. An organic light-emitting display apparatus comprising:

an insulating layer having a inclined structure;

a first electrode disposed on the insulating layer;

a selective wavelength transparent layer disposed on the
first electrode;

a pixel defined layer disposed on the insulating layer and
the first electrode and defining an emissive region and a
non-emissive region,;

an organic emissive layer disposed on the first electrode;
and

asecond electrode disposed on the organic emissive layer.
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2. The organic light-emitting display apparatus of claim 1,
wherein the first electrode is provided on a bottom surface and
a sidewall of the inclined structure.

3. The organic light-emitting display apparatus of claim 1,
wherein the pixel defined layer extends on an upper surface of
the insulating layer, and the emissive region comprises an
opening exposing the first electrode.

4. The organic light-emitting display apparatus of claim 1,
wherein the pixel defined layer covers the selective wave-
length transparent layer.

5. The organic light-emitting display apparatus of claim 1,
wherein the selective wavelength transparent layer further
comprises an N(N=3, N is an integer) number of low refrac-
tiveindex layers alternately stacked withan N number of high
refractive index layers, wherein one of the low refractive
index layers has a thickness T and each of the other low
refractive index layers has a thickness T2

6. The organic light-emitting display apparatus of claim 5,
wherein a difference in a refractive index between the N
number of low refractive index layers and the N number of
high refractive index layers is equal to or greater than 0.5.

7. The organic light-emitting display apparatus of claim 5,
wherein the thickness T' is greater than the thicknesses T>.

8. The organic light-emitting display apparatus of claim 5,
wherein a thickness of an intermediate layer of the low refrac-
tive index layers is greater than thicknesses of the other low
refractive index layers.

9. The organic light-emitting display apparatus of claim 1,
wherein a sidewall of the inclined structure has a tilt angle in
a range from about 20 degrees to about 70 degrees with
respect to an extending line of a bottom surface of the inclined
structure.

10. The organic light-emitting display apparatus ofclaim 1,
wherein the inclined structure has arecess shape, and the first
electrode has a concave shape.

11. The organic light-emitting display apparatus ofclaim 1,
wherein the first electrode is disposed on a sidewall of the
inclined structure, and reflects light generated in the organic
emissive layer.

12. The organic light-emitting display apparatus of claim 1,
wherein the inclined structure has a protruding shape, and the
first electrode has a convex shape.

13. The organic light-emitting display apparatus ofclaim 1,
wherein the first electrode is a transparent electrode, and the
second electrode is a bottom emissive type comprising a
reflective layer.

14. An organic light-emitting display apparatus compris-
ing:

a substrate;

an insulating layer disposed on the substrate and compris-
ing a recess having a inclined surface;

an organic light-emitting diode (OLED) disposed on the
insulating layer and comprising a first electrode, an
organic emissive layer, and a second electrode;

a pixel defined layer disposed between the first electrode
and the second electrode and defining an emissive region
and a non-emissive region; and

a selective wavelength transparent layer provided on the
inclined surface.

15. The organic light-emitting display apparatus of claim

14, wherein the first electrode is disposed on the inclined
surface.
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16. The organic light-emitting display apparatus of claim
14, wherein the insulating layer further comprises a plurality
of recesses, and the OLED is disposed in each of the recesses.

17. The organic light-emitting display apparatus of claim
14, wherein an N(N=3, N is an integer) number of low refrac-
tive index layers and an N number of high refractive index
layers are alternately stacked in the selective wavelength
transparent layer,

wherein one of the low refractive index layers has a thick-

ness T> and each of the other low refractive index layers
has a thickness T*, and wherein thickness T> is different
than the thicknesses T*.

18. The organic light-emitting display apparatus of claim
14, further comprising: a thin film transistor connected to the
first electrode.

19. The organic light-emitting display apparatus of claim
14, further comprising a sealing film covering the OLED.

20. The organic light-emitting display apparatus of claim
14, wherein the first electrode comprises a reflective layer.
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21. An organic light-emitting display apparatus compris-
ing:

a substrate;

an insulating layer disposed on the substrate and compris-

ing a plurality of recesses each having a inclined surface;

a plurality of OLEDs disposed on the insulating layer and

comprising a first electrode, an organic emissive layer,
and a second electrode; and

a pixel defined layer disposed between the first electrode

and the second electrode and defining an emissive region
and a non-emissive region,

wherein the pixel defined layer is a color filter.

22. The organic light-emitting display apparatus of claim
21, wherein the inclined surface has a tilt angle in a range
from about 20 degrees to about 70 degrees with respect to a
parallel line of the substrate.

23. The organic light-emitting display apparatus of claim
21, wherein the first electrode is disposed on the inclined
surface.
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