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(57) ABSTRACT

An organic light-emitting display apparatus includes a sub-
strate, a pixel electrode disposed on the substrate, an opposing
electrode disposed on the pixel electrode and transmitting
light therethrough, an organic light-emitting layer disposed
between the pixel electrode and the opposing electrode and
emitting light toward at least the opposing electrode, a first
transmission layer disposed on the opposing electrode and
transmitting the light emitted from the organic light-emitting
layer therethrough, and a second transmission layer disposed
on a path of the light emitted from the organic light-emitting
layer on the first transmission layer, and comprising a plural-
ity of first materials having first refractive indices and a sec-
ond material having a second refractive index. The first
refractive indices are greater than the second refractive index,
and the plurality of first materials are disposed inside the
second material.
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organic light-emitting layer 142 may be emitted toward the
opposing electrode 143 directly or after being reflected from
the pixel electrode 141.

[0092] In this regard, a resonance structure may be formed
by the opposing electrode 143 formed as the semi-transparent
electrode and the pixel electrode 141.

[0093] The organic light-emitting layer 142 may be a low
molecular weight organic material or a high molecular weight
organic material. An intermediate layer, as described above,
may be disposed between the pixel electrode 141 and the
opposing electrode 143, in addition to the organic light-emit-
ting layer 142.

[0094] Although the OLED 140 is formed on the device/
wiring layer 130 in the present embodiment, the present
invention is not limited thereto. The device/wiring layer 130
and the OLED 140 may be formed in the same layer.

[0095] Referring to FIG. 4, the inorganic films 151 and the
organic films 152 are alternately formed on the OLED 140,
and thus the first transmission layer 150 including a plurality
of layers is formed.

[0096] Although the inorganic films 151 are formed in the
lowest layer and the highest layer of the first transmission
layer 150 contacting the opposing electrode 143, and are
three-layer films, and the organic films 152 are two-layer
films in the present embodiment, the present invention is not
limited thereto. The sequence of formation of the inorganic
films 151 and the organic films 152, or the number of how
many times the inorganic films 151 and the organic films 152
are alternately formed, is not limited to the present embodi-
ment.

[0097] Referring to FIG. 5, the second transmission layer
160, including the first materials 161 and the second material
162, is formed on the first transmission layer 150.

[0098] The first materials 161 included in the second trans-
mission layer 160 have first refractive indices. The second
material 162 has a second refractive index. The first refractive
indices are greater than the second refractive index. In this
regard, the first refractive indices may be 1.5 or more and may
also be 2.0 or more.

[0099] The plurality of first materials 161 are disposed in
the second material 162, and may be spherical. The first
materials 161 may include zirconium (Zr) or silicon (Si), and
may have diameters between 0.1 pm and 5 pm.

[0100] The second material 162 may include a viscous
material. The viscous material may be a transparent polymer
material.

[0101] Referring to FIG. 6, the optical member 170 is
formed by sequentially forming the delay plate 171 and the
polarizing plate 172 on the second transmission layer 160.
[0102] In this regard, the optical member 170 may inhibit
reflection of external light, and may enhance visibility and
contrast of the organic light-emitting display apparatus 100.
[0103] FIG. 7 is a schematic cross-sectional view of an
organic light-emitting display apparatus according to another
embodiment of the present invention.

[0104] The organic light-emitting display apparatus 200 of
the present embodiment, that is different from the organic
light-emitting display apparatus 100 of FIGS. 1 and 2, will
now be described.

[0105] Referring to FIG. 7, the organic light-emitting dis-
play apparatus 200 is the same as the organic light-emitting
display apparatus 100, except for the construction of a second
transmission layer 260.
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[0106] The second transmission layer 260 includes a first
layer 263 contacting the first transmission layer 150 and
including a viscous material, a second layer 264 disposed on
the first layer 263 and including a plurality of first materials
261 and a second material 262, and a third layer 265 disposed
on the second layer 264 and including the viscous material.
[0107] The first materials 261 included in the second mate-
rial 264 may include zirconium (Zr) or silicon (Si), and may
have diameters between 0.1 um and 5 pm. The second mate-
rial 262 may be a transparent organic material. In this regard,
refractive indices of the first materials 261 may be greater
than that of the second material 262.

[0108] The first layer 263 is disposed between the first
transmission layer 150 and the second layer 264, and includes
the viscous material. The first layer 263 serves to bond the
first transmission layer 150 and the second layer 264, and may
be a transparent polymer material.

[0109] The third layer 265 is disposed between the second
layer 264 and the optical member 170, and includes the vis-
cous material. The third layer 265 serves to bond the second
layer 264 and the optical member 170, and may be a trans-
parent polymer material. In this regard, the first layer 263 and
the third layer 265 may be formed of the same material or
different materials.

[0110] The other elements of the organic light-emitting
display apparatus 200 are the same as the organic light-emit-
ting display apparatus 100, and thus descriptions thereof will
be omitted.

[0111] FIG. 8 is a schematic cross-sectional view of an
organic light-emitting display apparatus according to another
embodiment of the present invention.

[0112] Referring to FIG. 8, the organic light-emitting dis-
play apparatus 300 is the same as the organic light-emitting
display apparatus 100 of FIGS. 1 and 2, except that the
organic films 152 are disposed in the lowest layer of the first
transmission layer 150 contacting the OLED 140.

[0113] The OLED 140 includes a plurality of thin films, and
thus a surface thereof may not be planar. In this case, the light
characteristics deteriorate, and an adhesive force between the
OLED 140 and the first transmission layer 150 may be
reduced.

[0114] Inthepresentembodiment, the organic films 152 are
disposed in the lowest layer of the first transmission layer 150
contacting the OLED 140, thereby planarizing the surface of
the OLED 140, and increasing the adhesive force between the
OLED 140 and the first transmission layer 150.

[0115] The other elements of the organic light-emitting
display apparatus 300 are the same as the organic light-emit-
ting display apparatus 100, and thus descriptions thereof will
be omitted.

[0116] Although the OLED 140 and the first transmission
layer 150 are configured to directly contact each other in the
organic light-emitting display apparatuses 100, 200, and 300
of the embodiments of the present invention, the present
invention is not limited thereto. Layers may be disposed
between the OLED 140 and the first transmission layer 150.
[0117] That is, a protection layer (not shown), such as an
ultraviolet ray blocking layer (not shown), or a capping layer
(not shown), for protecting the OLED 140 may be disposed
between the OLED 140 and the first transmission layer 150.
[0118] FIG. 9 is a schematically conceptual diagram of a
path of light emitted from the organic light-emitting display
apparatus of FIG. 1. FIG. 10 is a schematically conceptual
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diagram of a path of light emitted from an organic light-
emitting display apparatus according to a comparison
example.

[0119] In FIGS. 9 and 10, refraction of light due to a dif-
ference in a refractive index between neighboring lights is
omitted for descriptive convenience. Also, unbroken lines
indicate paths of light emitted from the OELD 140 and an
OLED 140, and dotted lines indicate tracks of viewing angles
of light emitted to the outside.

[0120] In the organic light-emitting display apparatus 100'
of FIG. 10, an encapsulation layer 150" having a greater
thickness than the first transmission layer 150 including a
plurality of thin films of FIG. 9 is disposed between the
OLED 140" and a second transmission layer 160'. In this
regard, the encapsulation layer 150' may be a glass substrate.
[0121] The encapsulation layer 150' is much thicker than
the first transmission layer 150 including the thin films of
FIG. 9, and does not generally contact the OELD 140'. Thus,
the distance between the OLED 140" and the second trans-
mission layer 160" disposed on the encapsulation layer 150'
has a value much greater than that of the distance between the
OLED 140 and the second transmission layer 160 of FIG. 9.
[0122] Therefore, since the path of the light emitted from
the OLED 140' toward the second transmission layer 160'
increases, a direction of light traveling in the second trans-
mission layer 160' changes, and thus a position P' in which the
light emitted to the outside is formed is not within an area in
which the OLED 140' is disposed, i.e. a pixel area. That is,
when observed from the outside, a screen of the organic
light-emitting display apparatus 100" looks blurry, which
deteriorates quality of an image.

[0123] However, since the first transmission layer 150 of
the organic light-emitting display apparatus 100 of FIG. 9
includes the thin films, the first transmission layer 150 has a
small thickness, and thus the distance between the OLED 140
and the second transmission layer 160 is much smaller than
that of FIG. 10.

[0124] Thus, although the direction of the light emitted
from the OLED 140 changes due to the second transmission
layer 160, the position P in which the light emitted to the
outside is formed is within an area in which the OLED 140 is
disposed, i.e. a pixel area.

[0125] Thus, the distance between the OLED 140 and the
second transmission layer 160 of the organic light-emitting
display apparatus 100 of the present invention may be limited
below a predetermined value in order to prevent a screen from
being blurry. The distance may be 50 um or less.

[0126] According to the organic light-emitting display
apparatus and the method of manufacturing the organic light-
emitting display apparatus of the embodiments of the present
invention, a second transmission layer is disposed on a first
transmission layer, thereby reducing a color shift that occurs
at lateral viewing angles.

[0127] Also, the efficiency of extracted light can be
increased.

[0128] Inaddition, the quality of an image implemented by
the organic light-emitting display apparatus can be enhanced.
[0129] Although the thicknesses or size of layers are exag-
gerated or reduced for clarity in the drawings, the present
invention is not limited to sizes or shapes of the elements
illustrated in the drawings.

[0130] While the present invention has particularly shown
and described with reference to exemplary embodiments
thereof, it will be understood by those of ordinary skill in the
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art that various changes in form and detail may be made
therein without departing from the spirit and scope of the
present invention as defined by the following claims.

1. An organic light-emitting display apparatus, compris-
ing:

a substrate;

a pixel electrode disposed on the substrate;

an opposing electrode disposed on the pixel electrode and
transmitting light therethrough;

an organic light-emitting layer disposed between the pixel
electrode and the opposing electrode and emitting light
toward at least the opposing electrode;

a first transmission layer disposed on the opposing elec-
trode and transmitting the light emitted from the organic
light-emitting layer therethrough; and

a second transmission layer disposed on a path of the light
emitted from the organic light-emitting layer on the first
transmission layer, and comprising a plurality of first
materials having first refractive indices and a second
material having a second refractive index, wherein the
first refractive indices are greater than the second refrac-
tive index, and the plurality of first materials are dis-
posed inside the second material.

2. The organic light-emitting display apparatus of claim 1,
further comprising an optical member disposed on the second
transmission layer.

3. The organic light-emitting display apparatus of claim 2,
wherein the second material comprises a viscous material.

4. The organic light-emitting display apparatus of claim 2,
wherein the second transmission layer comprises a first layer
contacting the first transmission layer and comprising the
viscous material, a second layer disposed on the first layer and
comprising the plurality of first materials and the second
material, and a third layer disposed on the second layer and
comprising the viscous material.

5. The organic light-emitting display apparatus of claim 1,
further comprising a protection layer disposed between the
opposing electrode and the first transmission layer.

6. The organic light-emitting display apparatus of claim 1,
wherein the first refractive indices of the plurality of first
materials are not less than 1.5.

7. The organic light-emitting display apparatus of claim 1,
wherein sizes of the plurality of first materials are between 0.1
um and 5 pm.

8. The organic light-emitting display apparatus of claim 1,
wherein the plurality of first materials comprise one of zirco-
nium (Zr) and silicon (Si).

9. The organic light-emitting display apparatus of claim 1,
wherein a distance between the organic light-emitting layer
and the second transmission layer is not greater than 50 pm.

10. The organic light-emitting display apparatus of claim 1,
wherein the substrate is a flexible substrate.

11. The organic light-emitting display apparatus of claim 1,
wherein the first transmission layer comprises a plurality of
layers in which inorganic films and organic films are alter-
nately disposed.

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

sequentially forming a pixel electrode, an organic light-
emitting layer, and an opposing electrode transmitting
light therethrough on a substrate;

forming a first transmission layer on the opposing elec-
trode to transmit light emitted from the organic light-
emitting layer therethrough; and
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forming a second transmission layer on a path of the light
emitted from the organic light-emitting layer on the first
transmission layer, said second transmission layer com-
prising a plurality of first materials having first refractive
indices and a second material having a second refractive
index, wherein the first refractive indices are greater than
the second refractive index, and the plurality of first
materials are disposed inside the second material.

13. The method of claim 12, further comprising the step,
after the step of forming the second transmission layer, of
forming an optical member on the second transmission layer.

14. The method of claim 13, wherein, in the step of forming
the second transmission layer, the second material comprises
a viscous material.

15. The method of claim 13, wherein the step of forming
the second transmission layer comprises:

forming a first layer contacting the first transmission layer

and comprising the viscous material;

forming a second layer on the first layer and comprising the

plurality of first materials and the second material; and

forming a third layer on the second layer and comprising a

viscous material.

16. The method of claim 12, further comprising the step,
between the step of sequentially forming the pixel electrode,
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the organic light-emitting layer and the opposing electrode
and the step of forming the first transmission layer, of forming
a protection layer.

17. The method of claim 12, wherein, in the step of forming
the second transmission layer, the first refractive indices of
the plurality of first materials are not less than 1.5.

18. The method of claim 12, wherein, in the step of forming
the second transmission layer, sizes of the plurality of first
materials are between 0.1 pm and 5 pm.

19. The method of claim 12, wherein, in the step of forming
the second transmission layer, the plurality of first materials
comprise one of zirconium (Zr) and silicon (Si).

20. The method of claim 12, wherein a distance between
the organic light-emitting layer and the second transmission
layer is not greater than 50 um.

21. The method of claim 12, wherein the substrate is a
flexible substrate.

22. The method of claim 12, wherein the step of forming
the first transmission layer comprises forming a plurality of
layers in which inorganic films and organic films are alter-
nately disposed.
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ORGANIC LIGHT-EMITTING DISPLAY
APPARATUS AND METHOD OF
MANUFACTURING THE SAME

CLAIM OF PRIORITY

[0001] This application makes reference to, incorporates
the same herein, and claims all benefits accruing under 35
U.S.C. §119 from an application earlier filed in the Korean
Intellectual Property Office on the 28 of Dec. 2011 and there
duly assigned Serial No. 10-2011-0144980.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic light-
emitting display apparatus and a method of manufacturing
the same.

[0004] 2. Description of the Related Art

[0005] Organic light-emitting display apparatuses are self-
emitting display apparatuses that include organic light emit-
ting devices including hole injection electrodes, electron
injection electrodes, and organic light emitting layers dis-
posed therebetween, and that emit light when excitons
formed by combining holes of hole injection electrodes and
electrons of electrons injection electrodes change from an
excitation state to a ground state.

[0006] Organic light-emitting display apparatuses that are
self-emitting display apparatuses do not need additional light
sources, and thus they are attracting attention as next genera-
tion display apparatuses since they may be driven at a low
voltage, are lightweight and thin, and have wide viewing
angles, high contrast, and a quick response speed.

[0007] However, organic light-emitting display appara-
tuses deteriorate due to external moisture or oxygen, and thus
organic light-emitting devices are encapsulated to protect
them from external moisture or oxygen.

[0008] Recently, to achieve thin and/or flexible organic
light-emitting display apparatuses, a thin film encapsulation
(TFE) consisting of a plurality of layers, including a plurality
of inorganic films or inorganic films and inorganic films, is
used to encapsulate organic light-emitting devices.

[0009] However, a color shift occurs at lateral viewing
angles of organic light-emitting display apparatuses due to a
difference in paths of light externally emitted through the
TFE.

SUMMARY OF THE INVENTION

[0010] The present invention provides an organic light-
emitting display apparatus that reduces a color shift occurring
at lateral viewing angles thereof, and a method of manufac-
turing the organic light-emitting display apparatus.

[0011] According to an aspect of the present invention,
there is provided an organic light-emitting display apparatus
including: a substrate; a pixel electrode disposed on the sub-
strate; an opposing electrode disposed on the pixel electrode
and transmitting light therethrough; an organic light-emitting
layer disposed between the pixel electrode and the opposing
electrode and emitting light toward at least the opposing
electrode; a first transmission layer disposed on the opposing
electrode and transmitting the light emitted from the organic
light-emitting layer therethrough; and a second transmission
layer disposed on a path of the light emitted from the organic
light-emitting layer on the first transmission layer, and com-
prising a plurality of first materials having first refractive
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indices and a second material having a second refractive
index, wherein the first refractive indices are greater than the
second refractive index, and the plurality of first materials are
disposed inside the second material.

[0012] The organic light-emitting display apparatus may
further include an optical member disposed on the second
transmission layer.

[0013] The second material may comprise a viscous mate-
rial.
[0014] The second transmission layer may comprise a first

layer contacting the first transmission layer and comprising
the viscous material, a second layer disposed on the first layer
and comprising the plurality of first materials and the second
material, and a third layer disposed on the second layer and
comprising the viscous material.

[0015] The organic light-emitting display apparatus may
further include a protection layer disposed between the
opposing electrode and the first transmission layer.

[0016] The first refractive indices of the plurality of first
materials may be 1.5 or more.

[0017] Sizes of the plurality of first materials may be
between 0.1 um and 5 pm.

[0018] The plurality of first materials may comprise zirco-
nium (Zr) or silicon (Si).

[0019] A distance between the organic light-emitting layer
and the second transmission layer may be 50 um or less.
[0020] The substrate may be a flexible substrate.

[0021] The first transmission layer may comprise a plural-
ity of layers in which inorganic films and organic films are
alternately disposed.

[0022] According to another aspect of the present inven-
tion, there is provided a method of manufacturing an organic
light-emitting display apparatus, the method including: (a)
sequentially forming a pixel electrode, an organic light-emit-
ting layer, and an opposing electrode transmitting light there-
through on a substrate; (b) forming a first transmission layer
on the opposing electrode to transmit light emitted from the
an organic light-emitting layer therethrough; and (c) forming
asecond transmission layer on a path of the light emitted from
the organic light-emitting layer on the first transmission layer,
and comprising a plurality of first materials having first
refractive indices and a second material having a second
refractive index, wherein the first refractive indices are
greater than the second refractive index, and the plurality of
first materials are disposed inside the second material.
[0023] The method of manufacturing an organic light-emit-
ting display apparatus may further include forming an optical
member on the second transmission layer after operation (c).
[0024] In operation (c), the second material may comprise
a viscous material.

[0025] The operation (¢) may comprise: forming a first
layer contacting the first transmission layer and comprising
the viscous material; forming a second layer on the first layer
and comprising the plurality of first materials and the second
material; and forming a third layer on the second layer and
comprising the viscous material.

[0026] The method of manufacturing an organic light-emit-
ting display apparatus may further include forming a protec-
tion layer between the operations (a) and (b).

[0027] In operation (c), the first refractive indices of the
plurality of first materials may be 1.5 or more.

[0028] In operation (c), sizes of the plurality of first mate-
rials may be between 0.1 um and 5 pm.
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[0029] In operation (c), the plurality of first materials may
comprise zirconium (Zr) or silicon (Si).

[0030] A distance between the organic light-emitting layer
and the second transmission layer may be 50 um or less.
[0031] The substrate may be a flexible substrate.

[0032] Inoperation (b), forming the first transmission layer
may comprise forming a plurality of layers in which inorganic
films and organic films are alternately disposed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] A more complete appreciation of the invention, and
many of the attendant advantages thereof, will be readily
apparent as the same becomes better understood by reference
to the following detailed description when considered in con-
junction with the accompanying drawings, in which like ref-
erence symbols indicate the same or similar components,
wherein:

[0034] FIG. 1 is a schematic cross-sectional view of an
organic light-emitting display apparatus according to an
embodiment of the present invention;

[0035] FIG. 2 is a schematic cross-sectional view of a pixel
region of the organic light-emitting display apparatus of FIG.
1;

[0036] FIGS. 3 through 6 are cross-sectional views sequen-
tially illustrating a method of manufacturing the organic
light-emitting display apparatus of FIG. 1 according to an
embodiment of the present invention;

[0037] FIG. 7 is a schematic cross-sectional view of an
organic light-emitting display apparatus according to another
embodiment of the present invention;

[0038] FIG. 8 is a schematic cross-sectional view of an
organic light-emitting display apparatus according to another
embodiment of the present invention;

[0039] FIG. 9 is a schematically conceptual diagram of a
path of light emitted from the organic light-emitting display
apparatus of FIG. 1; and

[0040] FIG. 10 is a schematically conceptual diagram of a
path of light emitted from an organic light-emitting display
apparatus according to a comparison example.

DETAILED DESCRIPTION OF THE INVENTION

[0041] Anexemplary embodiment according to the present
invention will now be described in detail with reference to the
accompanying drawings. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items. Expressions such as “at least one of,”
when preceding a list of elements, modify the entire list of
elements and do not modify the individual elements of the list.
[0042] FIG. 1 is a schematic cross-sectional view of an
organic light-emitting display apparatus 100 according to an
embodiment of the present invention. FIG. 2 is a schematic
cross-sectional view of a pixel region of the organic light-
emitting display apparatus 100 of FIG. 1.

[0043] Referring to FIGS. 1 and 2, the organic light-emit-
ting display apparatus 100 of the present embodiment
includes a substrate 120, a pixel electrode 141 disposed on the
substrate 120, an opposing electrode 143 disposed on the
pixel electrode 141 and transmitting light therethrough, an
organic light-emitting device (OLED) 140 disposed between
the pixel electrode 141 and the opposing electrode 143 and
emitting light toward the opposing electrode 143, a first trans-
mission layer 150 disposed on the opposing electrode 143 and
transmitting light emitted from an organic light-emitting
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layer 142 therethrough, and a second transmission layer 160
disposed on a path of the light emitted from the organic
light-emitting layer 142 on the first transmission layer 150,
and including a plurality of first materials 161 having first
refractive indices and a second material 162 having a second
refractive index, in which the first refractive indices are
greater than the second refractive index, and the first materials
161 are disposed inside the second material 162.

[0044] The substrate 120 may be a flexible substrate, and
may be formed of plastic having excellent heat resistance and
durability such as polyethyleneetherphthalate, polyethyl-
enenaphthalate, polycarbonate, polyarylate, polyetherimide,
polyethersulfone, and polyimide, etc. However, the present
invention is not limited thereto, and the substrate 120 may be
formed of various materials such as metal or glass.

[0045] A device/wiring layer 130 may be disposed on the
substrate 120, and may include a driving thin film transistor
(TFT) for driving the OLED 140, a switching TFT (not
shown), a capacitor, and wiring connected to the TFTs or the
capacitor.

[0046] Thedriving TFT includes an active layer 131, a gate
electrode 133, and source and drain electrodes 135a and
1355, respectively.

[0047] A barrier film (not shown) may be further disposed
between the substrate 120 and the device/wiring layer 130 to
prevent external impurities, such as moisture or oxygen, from
transmitting through the substrate 120 and penetrating into
the OLED 140.

[0048] The OLED 140 is disposed on the device/wiring
layer 130. The OLED 140 includes the pixel electrode 141,
the organic light-emitting layer 142 disposed on the pixel
electrode 141, and the opposing electrode 143 formed on the
organic light-emitting layer 142.

[0049] In the present embodiment, the pixel electrode 141
is an anode, and the opposing electrode 143 is a cathode.
However, the present invention is not limited thereto, and the
pixel electrode 141 may be the cathode, and the opposing
electrode 143 may be the anode according to a method of
driving the organic light-emitting display apparatus 100.
Holes and electrons are respectively injected into the organic
light-emitting layer 142 from the pixel electrode 141 and the
opposing electrode 143. Excitons combined with the injected
holes and electrons change from an excitation state to a
ground state, and thus the organic light-emitting layer 142
emits light.

[0050] The pixel electrode 141 is electrically connected to
the driving TFT formed in the device/wiring layer 130.
[0051] Although the OLED 140 is disposed on the device/
wiring layer 130 including the driving TFT in the present
embodiment, the present invention is not limited thereto. The
structure of the OLED 140 may be modified in various ways.
For example, the pixel electrode 141 of the OLED 140 may be
formed in the same layer as the active layer 131 of the TFT, as
the gate electrode 133 thereof, or as the source and drain
electrodes 135a and 1355, respectively, thereof.

[0052] Although the gate electrode 133 is disposed on the
active layer 131 in the driving TFT of the present embodi-
ment, the present invention is not limited thereto. The gate
electrode 133 may be disposed below the active layer 131.
[0053] The pixel electrode 141 included in the OLED 140
of the present embodiment may be a reflective electrode, and
may include a reflective film formed of Ag, Mg, Al, Pt, Pd, Au,
Ni, Nd, Ir, and Cr, and a transparent or semi-transparent
electrode layer formed on the reflective film.
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[0054] The transparent or semi-transparent electrode layer
may be formed of at least one of indium tin oxide (ITO),
indium zinc oxide (IZO), zinc oxide (ZnO), indium oxide
(In,0;), indium gallium oxide (IGO), and aluminum zinc
oxide (AZO).

[0055] The opposing electrode 143 disposed to oppose to
the pixel electrode 141 may be a transparent or semi-trans-
parent electrode, and may include a metal thin film having a
small work function formed of Li, Ca, LiF/Ca, LiF/Al, Al, Ag,
Mg, and compounds of these. An auxiliary electrode layer or
a bus electrode may be further formed on the metal thin film
using a material for forming a transparent electrode such as
ITO, IZ0O, ZnO, or In,O;.

[0056] Thus, the opposing electrode 143 may transmit light
emitted from the organic light-emitting layer 142 there-
through.

[0057] The organic light-emitting layer 142 is disposed
between the pixel electrode 141 and the opposing electrode
143, and may be a low molecular weight organic material or
a high molecular weight organic material.

[0058] In addition to the organic light-emitting layer 142,
an intermediate layer such as a hole transport layer (HTL), a
hole injection layer (HIL), an electron transport layer (ETL),
and an electron injection layer (EIL) may be selectively dis-
posed between the pixel electrode 141 and the opposing elec-
trode 143.

[0059] The light emitted from the organic light-emitting
layer 142 may be a front light-emitting type that is emitted
toward the opposing electrode 143 directly or after being
reflected from the pixel electrode 141 including the reflective
electrode.

[0060] The first transmission layer 150 is disposed on the
opposing electrode 143, and may include a plurality of layers
in which inorganic films 151 and organic films 152 are alter-
nately disposed.

[0061] In the present embodiment, the substrate 120 is a
flexible substrate, and the first transmission layer 150 is a thin
film including the inorganic films 151 and the organic films
152, and thus the flexible and thin organic light-emitting
display apparatus 100 is easily achieved. Also, the first trans-
mission layer 150 is disposed to directly cover the OLED 140
so that the OLED 140 is encapsulated and protected from the
outside. In this regard, although a layer like a protection layer
(not shown) may be further disposed between the first trans-
mission layer 150 and the OLED 140, a charging material
required by an encapsulation means due to a glass substrate is
not needed.

[0062] The inorganic films 151 may be formed of a metal
oxide, a metal nitride, a metal carbide, and a compound of
these, for example, an aluminum oxide, a silicon oxide, or a
silicon nitride. The inorganic films 151 serve to suppress
external moisture and/or oxygen from penetrating into the
OLED 140.

[0063] The organic films 152 may include one of epoxy,
acrylate, and urethaneacrylate, and may be monomers so as to
achieve the thin organic light-emitting display apparatus 100.
The organic films 152 serve as relaxing inner stress of the
inorganic films 151 or as supplementing and planarizing
defects of the inorganic films 151.

[0064] In this regard, the inorganic films 151 may be dis-
posed in the outermost side of the first transmission layer 150
so as to effectively block external moisture and/or oxygen
from penetrating into the OLED 140.
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[0065] Although the inorganic films 151 are stacked as
three layers, and the organic films 152 are stacked as two
layers in the present embodiment, the present invention is not
limited thereto. That is, there is no limitation to the layers of
the inorganic films 151 and the organic films 152 that are
alternately stacked.

[0066] The second transmission layer 160, including a plu-
rality of first materials 161 and a second material 162, is
disposed on the first transmission layer 150. The first mate-
rials 161 have first refractive indices. The second material 162
has a second refractive index. The first refractive index has a
value greater than that of the second refractive index.

[0067] The second material 162 may be resin generally
having a refractive index of 1.5 or less. For example, the
second material 162 may be acrylic resin having a refractive
index of approximately 1.49.

[0068] Inthis regard, since the first refractive indices of the
first materials 161 need to be greater than the second refrac-
tive index in order to effectively scatter light incident to the
second transmission layer 160 by using the first materials
161, the first refractive indices of the first materials 161 may
be 1.5 or more. If the second material 162 is highly refractive
resin, the first refractive indices of the first material 161 may
be 2.0 or more.

[0069] The plurality of first materials 161 are disposed
inside the second material 162, and may be spherical. The first
materials 161 may include zirconium (Zr) or silicon (Si), and
may have diameters between 0.1 um and 5 pm.

[0070] The second material 162 may include a viscous
material. The viscous material may be transparent polymer
such as acrylic polymer, silicon-based polymer, polyester,
polyurethane, polyamide, polyether, fluorine- or rubber-
based polymer.

[0071] The first transmission layer 150 may be formed as a
thin film encapsulation (TFE). In this regard, a distance
between the organic light-emitting layer 142 disposed in a
lower portion of the first transmission layer 150 and the
second transmission layer 160 disposed in an upper portion of
the first transmission layer 150 may be 50 um or less. If the
distance between the organic light-emitting layer 142 and the
second transmission layer 160 exceeds 50 pum, a screen of the
organic light-emitting display apparatus 100 looks blurry,
which deteriorates quality of an image. This will be described
later.

[0072] The light emitted from the organic light-emitting
layer 142 is incident onto the second transmission layer 160
including the first materials 161 and the second material 162
directly or after being reflected from the pixel electrode 141.
In this regard, a direction to which the light incident to the
second transmission layer 160 travels is changed due to the
first materials 161 having the first refractive indices greater
than that of the second material 162 and sizes of 5 um or less,
and thus the light is externally emitted having various angles.
[0073] The light emitted from the organic light-emitting
layer 142 has no directivity, and travels in different light
paths. Thus, although light having desired color purity is
emitted in the front of the organic light-emitting display appa-
ratus 100, a color shift occurs at lateral viewing angles
thereof.

[0074] However, the light traveling in different light paths
is incident onto the second transmission layer 160, and the
light incident onto the second transmission layer 160 is exter-
nally emitted having different angles in the present embodi-
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ment, and thus the light traveling in different light paths is
mixed in the front and side of the organic light-emitting
display apparatus 100.

[0075] Thus, a difference in color coordinates in the front
and sides of the organic light-emitting display apparatus 100,
i.e. the color shift at lateral viewing angles thereof, may be
reduced.

[0076] Furthermore, the inorganic films 151 may be dis-
posed on the outermost layer of the first transmission layer
150 contacting the second transmission layer 160 in order to
effectively block external moisture and/or oxygen from pen-
etrating into the OLED 140. In this case, refractive indices of
the inorganic films 151 may be greater than the second refrac-
tive index of the second material 162 included in the second
transmission layer 160.

[0077] In this case, if an incident angle of light incident
onto the second transmission layer 160 is greater than a pre-
determined angle, the light is totally reflected, which may
reduce efficiency of extracted light. However, since the first
materials 161 having the first refractive indices greater than
the second refractive index of the second material 162 are
included in the second material 162 in the second transmis-
sion layer 160 of the present embodiment, a probability that
the light is totally reflected and is not externally emitted is
reduced, thereby increasing light efficiency.

[0078] An optical member 170 may be disposed on the
second transmission layer 160. The optical member 170 may
include a phase delay plate 171 and a polarizing plate 172.
The phase delay plate 171 may be a %4 wavelength plate (/4
plate).

[0079] The optical member 170 of the present embodiment
serves to suppress external light from being reflected, and to
enhance visibility and contrast of the organic light-emitting
display apparatus 100.

[0080] Tables 1 to 4 below show Haze values of the second
transmission layer 160, i.e. brightness ratios of portions of the
first materials 161 included in the second material 162 and
variations of color coordinate values with respect to y and x
axes, in white W, red R, green G, and blue B of the organic
light-emitting display apparatus 100.

[0081] Brightness ratios are values by percentage of ratios
of brightness values of light emitted toward the front of the
organic light-emitting display apparatus 100 and brightness
values of light emitted and inclined by 60 degrees toward the
sides thereof with respect to the front thereof. The values Ax
and Ay indicate variations of color coordinate values of light
emitted toward the front of the organic light-emitting display
apparatus 100 and color coordinate values of light emitted
and inclined by 60 degrees toward the y and x axes with
respect to the front thereof.

TABLE 1
w Brightness ratio Ax Ay
Haze 0% 33.2% -0.0581 0.02669
Haze 40% 34.2% -0.0546 0.01885
Haze 80% 36.0% -0.04648 0.0109
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TABLE 2
R Brightness ratio Ax Ay
Haze 0% 24.6% -0.03115 0.03056
Haze 40% 26.4% -0.03084 0.0302
Haze 80% 29.6% -0.02815 0.02736
TABLE 3
G Brightness ratio Ax Ay
Haze 0% 37.2% -0.07791 -0.04159
Haze 40% 38.0% -0.07429 -0.03975
Haze 80% 39.0% -0.06434 -0.03931
TABLE 4
B Brightness ratio Ax Ay
Haze 0% 25.2% 0.00688 —-0.009
Haze 40% 26.6% 0.00746 —-0.00982
Haze 80% 29.3% 0.00734 -0.00914
0082] Referring to Tables 1 to 4 above, regarding the white
g 2 g

W, the brightness ratios increases in Haze 80% compared to
Haze 0%, and the variations of color coordinates values of
light emitted toward the sides of the organic light-emitting
display apparatus 100 with respect to the front thereof; i.e. the
color shift, are reduced.

[0083] More specifically, as the amount of the first materi-
als 161 included in the second material 162 increases, the
brightness of the organic light-emitting display apparatus 100
increases, and the color shift is reduced in the sides thereof.

[0084] FIGS. 3 through 6 are cross-sectional views sequen-
tially illustrating a method of manufacturing the organic
light-emitting display apparatus of FIG. 1 according to an
embodiment of the present invention.

[0085] Referringto FIG. 3, the device/wiring layer 130 and
the OLED 140, including the pixel electrode 141, the organic
light-emitting layer 142, and the opposing electrode 143, are
formed on the substrate 120.

[0086] The substrate 120 may be a flexible substrate which
may be disposed on a support substrate (not shown) formed of
glass supporting the flexible substrate. The support substrate
(not shown) may be removed after all processes are complete
or during the processes.

[0087] As described above, the substrate 120 may be
formed of plastic having excellent heat resistance and dura-
bility.

[0088] A barrier film (not shown) may be further disposed
on the substrate 120. The barrier film (not shown) may
include inorganic films and/or organic films, and blocks
external impurities from transmitting through the substrate
120 and penetrating into the device/wiring layer 130 and the
OLED 140.

[0089] Thedevice/wiring layer 130 may include the driving
TFT (see FIG. 2), a capacitor (not shown), and wirings (not
shown) for driving the OLED 140.

[0090] The pixel electrode 141, the organic light-emitting
layer 142, and the opposing electrode 143 are sequentially
formed on the device/wiring layer 130.

[0091] The pixel electrode 141 may be a reflective elec-
trode. The opposing electrode 143 may be a transparent or a
semi-transparent electrode. Thus, light generated in the
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