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(7) ABSTRACT

In an organic light emitting display device according to an
embodiment of the present disclosure, a light extraction
reduction preventing layer is disposed between a display unit
disposed on a substrate and an encapsulation layer for pro-
tecting the display unit, and as a result, light emission effi-
ciency may be improved by reducing an amount of light
dissipating while light generated from an emission layer of
the display unit is extracted to the outside.
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ORGANIC LIGHT EMITTING DISPLAY
DEVICE HAVING IMPROVED LIGHT
EMITTING EFFICIENCY

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 for ORGANIC LIGHT
EMITTING DISPLAY DEVICE HAVING IMPROVED
LIGHT EMITTING EFFICIENCY, earlier filed in the
Korean Intellectual Property Office on 20 Nov. 2012 and there
duly assigned Serial No. 10-2012-0131598.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present disclosure relates to an organic light
emitting display device, and, more particularly, to an organic
light emitting display device improving light emitting effi-
ciency by reducing an amount of light that dissipates while
the light generated from an emission layer is discharged to the
outside environment.

[0004] 2. Description of the Related Art

[0005] An organic light emitting display device is a self-
emission display device which has an organic light emitting
diode that emits light to display an image. Since the organic
light emitting display device has characteristics such as low
power consumption, high luminance, and a high response
speed, the organic light emitting display device currently
receives attention as a display device.

[0006] In general, in the organic light emitting display
device, a portion of the device generating light is called a
display unit, and the display unit includes a hole injection
electrode, an emission layer, and an electron injection elec-
trode. In the organic light emitting display device, holes sup-
plied from the hole injection electrode and electrons supplied
from the electron injection electrode are coupled with each
other in the emission layer to generate light. Generally, the
hole injection electrode is an anode, and the electron injection
electrode is a cathode.

[0007] However, the display unit can be easily damaged by
an external gas such as oxygen or moisture, and the display
unit may deteriorate due to contact with oxygen or moisture.
Accordingly, in order to prevent oxygen or moisture from
penetrating from the outside, an encapsulation structure for
sealing and protecting the display unit is required.

[0008] As an example of such an encapsulation structure,
an encapsulation layer, specifically a thin film encapsulation
layer, in which inorganic layers and organic layers are alter-
nately laminated is adopted. That is, the encapsulation layer,
in which inorganic layers and organic layers are alternately
laminated, is formed on the display unit, which is formed on
a substrate to seal the display unit and thus protect the display
unit. Here, the organic layer mainly functions to give flexibil-
ity to a flat panel display, and the inorganic layer mainly
serves to prevent oxygen or moisture from penetrating into
the device.

[0009] However, when the light generated from the emis-
sion layer is discharged to the outside environment, a large
amount of light dissipates while passing through a laminated
structure such as the encapsulation layer disposed on the
emission layer. The light efficiency of the organic light emit-
ting display device is not good because the light dissipates.
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Accordingly, in order to increase the light efficiency in the
organic light emitting display device, dissipation of the light
needs to be minimized.

SUMMARY OF THE INVENTION

[0010] The present disclosure has been made in an effort to
provide an organic light emitting display device having
improved light extraction efficiency by properly controlling a
refractive index difference between a display unit and an
encapsulation layer to properly establish a resonance condi-
tion.

[0011] Further, the present disclosure has been made in an
effort to provide an organic light emitting display device
including a light efficiency reduction preventing layer
between the display unit and the encapsulation layer.

[0012] An embodiment of the present disclosure provides
an organic light emitting display device, including: a sub-
strate; a display unit disposed on the substrate; a light extrac-
tion reduction preventing layer disposed on the display unit;
and an encapsulation layer disposed on the light extraction
reduction preventing layer.

[0013] The encapsulation layer may have a structure in
which a plurality of inorganic layers and a plurality of organic
layers are alternately laminated.

[0014] A thickness of the organic layers may be larger than
a thickness of the inorganic layers.

[0015] A refractive index of the encapsulation layer may be
in the range of from about 1.5 to about 2.0.

[0016] A capping layer may be disposed between the dis-
play unit and the light extraction reduction preventing layer.
[0017] A thickness of the capping layer may be in the range
of from about 20 nm to about 200 nm.

[0018] The capping layer may comprise at least one
selected from a group consisting of tris(8-hydroxyquinoli-
nato) aluminum (Alg3), ZnSe, 2,5-bis(6'-(2',2"-bipyridyl))-
1,1-dimethyl-3,4-diphenylsilole, 4,4'-bis[N-(1-naphthyl)-N-
phenyl-amino]biphenyl (c.-NPD), N,N'-diphenyl-N,N'-bis
(3-methylphenyl)-1,1'-biphenyl-4,4'-diamine (TPD), and
1,1-bis[di-(4-tolylamino)phenyl]|cyclohexane (TAPC).
[0019] A refractive index of the capping layer may be in the
range of from about 1.6 to about 3.0.

[0020] A refractive index of the light extraction reduction
preventing layer may be in the range of from about 1.1 to less
than about 1.5.

[0021] The light extraction reduction preventing layer may
comprise at least one selected from CaF,, NaF, Na,AlF,,
SiOx, AlF,, LiF, MgF,, and IF,.

[0022] A thickness of the light extraction reduction pre-
venting layer may be in the range of from about 20 nm to
about 200 nm.

[0023] The display unit may include a first electrode
formed on the substrate; an emission layer formed on the first
electrode; and a second electrode formed on the emission
layer.

[0024] Another embodiment of the present disclosure pro-
vides a manufacturing method of an organic light emitting
display device, including: forming a display unit on a sub-
strate; forming a light extraction reduction preventing layer
on the display unit; and forming an encapsulation layer on the
light extraction reduction preventing layer.

[0025] The manufacturing method of an organic light emit-
ting display device may further include forming a capping
layer before the forming of the light extraction reduction
preventing layer and after the forming of the display unit.
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[0026] In the forming of the encapsulation layer, laminat-
ing inorganic layers and laminating organic layers may be
alternately performed one or more times.

[0027] A refractive index of the capping layer may be in the
range of from about 1.6 to about 3.0.

[0028] A refractive index of the light extraction reduction
preventing layer may be in the range of from about 1.1 or
more to less than about 1.5.

[0029] Yet another embodiment of the present disclosure
provides an organic light emitting display device, including:
a substrate; a first electrode disposed on the substrate; an
emission layer disposed on the first electrode; a second elec-
trode formed on the emission layer; a capping layer disposed
on the second electrode; a light extraction reduction prevent-
ing layer disposed on the capping layer; and an encapsulation
layer disposed on the light extraction reduction preventing
layer, in which a refractive index of the light extraction reduc-
tion preventing layer is lower than a refractive index of the
capping layer and lower than a refractive index of the encap-
sulation layer.

[0030] According to an embodiment of the present disclo-
sure, a light extraction reduction preventing layer is disposed
between a display unit and an encapsulation layer, and thus
while light generated from an emission layer is discharged to
the outside environment, resonance efficiently occurs reduc-
ing light dissipation, thereby improving light emission effi-
ciency of the organic light emitting display device. Particu-
larly, in the case where a capping layer having a high
refractive index is disposed on the display unit, the light
extraction reduction preventing layer is disposed between the
capping layer and the encapsulation layer and thus a differ-
ence in a refractive index between the capping layer and the
encapsulation layer occurs, and as a result, a resonance con-
dition can be efficiently established during a light extraction
process. As a result, it is possible to improve light emission
efficiency by improving light extraction efficiency.

[0031] The foregoing summary is illustrative only and is
not intended to be in any way limiting. In addition to the
illustrative aspects, embodiments, and features described
above, further aspects, embodiments, and features will
become apparent by reference to the drawings and the fol-
lowing detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] 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:

[0033] FIG. 1 is a schematic diagram of an example of an
organic light emitting display device.

[0034] FIG. 2 is a schematic diagram of an example of a
laminated structure in the organic light emitting display
device.

[0035] FIG. 3 is a diagram for describing a structure of an
organic light emitting display device according to an embodi-
ment of the present disclosure.

[0036] FIG. 4 is a diagram for describing a structure of an
organic light emitting display device according to another
embodiment of the present disclosure.
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[0037] FIG. 5 is a diagram for describing a structure of an
organic light emitting display device according to yet another
embodiment of the present disclosure.

[0038] FIG. 6 is a cross-sectional view illustrating the
structure of the organic light emitting display device in more
detail according to an embodiment of the present disclosure.

DETAILED DESCRIPTION OF THE INVENTION

[0039] Hereinafter, embodiments of the present disclosure
will be described in more detail with reference to the accom-
panying drawings. However, the scope of the present disclo-
sure is not limited to the following Examples and drawings.
Embodiments to be described below and illustrated in the
drawings may include various equivalents and modifications.
[0040] Theterminology used in this specification is used in
order to express the embodiments of the present disclosure
and may depend on the intention of users or operators or the
custom in the art to which the present disclosure belongs.
Accordingly, the terminology needs to be defined base on the
details provided throughout this specification.

[0041] For reference, respective components and shapes
thereof are schematically drawn or exaggeratedly drawn in
the accompanying drawings for easy understanding. Like
reference numerals designate like elements throughout the
drawings.

[0042] Further, it will be understood that when a layer or an
element is described as being “on” another layer or element,
it may be directly disposed on another layer or element, or an
intervening layer or element may also be present therebe-
tween.

[0043] FIG. 1 illustrates an example of a structure of an
organic light emitting display device. The organic light emit-
ting display device illustrated in FIG. 1 includes a substrate
100, a display unit 200 disposed on the substrate 100, and an
encapsulation layer 300 disposed on the display unit 200. Ina
thin organic light emitting display device or a flexible organic
light emitting display device, the display unit 200 is protected
by using the encapsulation layer 300.

[0044] FIG. 2 illustrates a structure of the organic light
emitting display device of one embodiment of the invention in
more detail.

[0045] In the organic light emitting display device, a por-
tion generating light is called the display unit 200, and the
display unit 200 includes a first electrode 210, an emission
layer 220, and a second electrode 230.

[0046] The firstelectrode 210 may be a hole injection elec-
trode, and the second electrode 230 may be an electron injec-
tion electrode. Holes supplied from the first electrode and
electrons supplied from the second electrode are coupled with
each other in the emission layer 220 to generate light.
[0047] Alternatively, the first electrode 210 may be an elec-
tron injection electrode, and the second electrode 230 may be
a hole injection electrode. Electrons supplied from the first
electrode and holes supplied from the second electrode are
coupled with each other in the emission layer 220 to generate
light.

[0048] However, the display unit 200 is very vulnerable to
intrusion of external gas such as oxygen or moisture. Accord-
ingly, in order to prevent oxygen or moisture from penetrating
from the outside, the encapsulation layer 300 may be dis-
posed as a seal around the display unit 200. Further, in order
to protect the display unit 200 before forming the encapsula-
tion layer 300 and prevent the display unit from being dam-
aged while forming the encapsulation layer 300, a capping
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layer 400 may be disposed on the display unit before the
encapsulation layer 300 is put in place.

[0049] InFIG. 2, as the encapsulation layer 300, a thin film
encapsulation layer in which inorganic layers 310 and organic
layers 320 are alternately laminated is illustrated. The inor-
ganic layers 310 and organic layers 320, which are alternately
laminated, form the encapsulation layer 300. That is, a plu-
rality of inorganic layers 311, 312, and 313 and a plurality of
organic layers 321 and 322 are alternately laminated on the
display unit 200 to seal the display unit 200. Here, the organic
layer 320 may mainly function to give flexibility to a flat panel
display, and the inorganic layer may mainly serve to prevent
oxygen or moisture from penetrating.

[0050] In FIG. 2, three inorganic layers 311, 312, and 313
and two organic layers 321 and 322 are shown alternately
laminated each other to cover the emission layer 200 on the
substrate 100.

[0051] Theinorganic layer 310 may be made of metal oxide
or metal nitride by a method such as, for example, one of
sputtering, chemical vapor deposition (CVD), ion beam
assisted deposition (IBAD), and the like.

[0052] Further, the organic layer 320 may be formed, for
example, by depositing a liquefied or evaporated monomer
and then irradiating the monomer coating with ultraviolet
light to cure the deposited material. Acceptable methods of
forming the organic layer 320 are not limited to the exemplary
methods specifically described herein.

[0053] A capping layer 400 may be disposed between the
encapsulation layer 300 and the display unit 200.

[0054] As an example of the capping layer 400, an ultra-
violet blocking layer capable of blocking ultraviolet light that
can have a bad influence on the display unit 200 may be
formed. For example, ultraviolet light may be irradiated onto
an organic precursor or monomer coating in order to form the
organic layer 320 while the encapsulation layer 300 is
formed. In this case, in order to prevent the display unit 200
from being damaged by the ultraviolet light, a capping layer
400 having an ultraviolet blocking characteristic may be
formed on the display unit 200. The capping layer 400 may be
formed by a single layer or may be formed by a multilayer
with two or more layers. The capping layer 400 may have a
moisture or oxygen blocking characteristic.

[0055] FIG. 3 illustrates a structure of an organic light
emitting display device according to an embodiment of the
present disclosure.

[0056] The organic light emitting display device illustrated
in FIG. 3 includes a substrate 100, a display unit 200 disposed
on the substrate 100, a light extraction reduction preventing
layer 500 disposed on the display unit 200, and an encapsu-
lation layer 300 disposed on the light extraction reduction
preventing layer 500. Further, in the organic light emitting
display device illustrated in FIG. 3, a capping layer 400 is
disposed between the display unit 200 and the light extraction
reduction preventing layer 500.

[0057] Indetail, the display unit 200 may be formed on the
substrate 100, and the display unit may include a first elec-
trode 210 formed on the substrate 100, an emission layer 220
formed on the first electrode 210, and a second electrode 230
formed on the emission layer 220.

[0058] Although not illustrated in FIG. 3, at least one of a
hole injection layer and a hole transport layer may be dis-
posed between the first electrode 210 and the emission layer
220. Similarly, although not illustrated in FIG. 3, at least one
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of an electron transport layer and an electron injection layer
may be disposed between the emission layer 220 and the
second electrode 230.

[0059] The encapsulation layer 300 is disposed to cover
display unit 200 in order to protect the display unit 200. In
order to form the encapsulation layer 300, the inorganic lay-
ers 310 and the organic layers 320 are alternately laminated.
[0060] In detail, first, the first inorganic layer 311 is coated
to cover the display unit 200, a first organic layer 321 is coated
thereon, a second inorganic layer 312 and a second organic
layer 322 are coated thereon, and then an inorganic layer 313
is finally coated on the top organic layer to form the encap-
sulation layer 300.

[0061] In the illustration of FIG. 3, three inorganic layers
and two organic layers are formed, but the inorganic layers
and the organic layers may be alternately coated two addi-
tional times or more. If necessary, the inorganic layers and the
organic layers may be alternately coated thirty times, or more
than thirty times. A thickness of the encapsulation layer may
depend on the laminated number of inorganic layers and
organic layers. The thickness of the encapsulation layer may
be properly controlled if necessary.

[0062] In the encapsulation layer 300 in FIG. 3, it is exem-
plified that both the first layer disposed to be closest to the
display unit 200 while covering the display unit 200 and the
last layer disposed at the outermost side of the encapsulation
layer 300 while being farthest away from the display unit 200
are formed as the inorganic layers. In the other cases, the first
layer disposed to be closest to the display unit 200 and the
outermost layer disposed to be farthest away from the display
unit 200 may not be formed as inorganic layers.

[0063] Theinorganiclayer 310 may be made of metal oxide
or metal nitride by, for example, a method such as one of
sputtering, CVD, ion beam assisted deposition (IBAD), and
the like. The inorganic layer may be formed by using a mate-
rial selected from, for example, calcium oxide, alumina,
silica, titania, indium oxide, tin oxide, silicon oxide, silicon
nitride, and aluminum nitride, and the material is not neces-
sarily limited to the examples presented herein.

[0064] The organic layers 320 may be formed by deposit-
ing a liquefied or evaporated monomer and then irradiating
ultraviolet light to cure the deposited material. The organic
layer material may include, for example, any one selected
from acrylic, metacrylic, polyester, poly(ethylene terephtha-
late) (PET), polyethylene, and polypropylene or a mixture
thereof, and is not necessarily limited to the examples.
[0065] A refractive index of the encapsulation layer 300
including the inorganic layers and the organic layers which
are formed as described above may have a value in the range
of from about 1.5 to about 2.0. Even though the encapsulation
layer in different embodiments of the invention may be
formed by using the same material, the value ofthe refractive
index may vary depending on a method of forming the encap-
sulation layer. In the case where the encapsulation layer is
formed by using the above materials using a method which is
generally used in the art, the refractive index of the encapsu-
lation layer 300 may be in the range of from about 1.5 to about
2.0.

[0066] In the embodiment illustrated in FIG. 3, the encap-
sulation layer 300 is formed in different thicknesses of the
inorganic layer 310 and the organic layer 320. Considering
the inorganic layer 310 and the organic layer 320, a thickness
of the organic layer is set to be larger than a thickness of the
inorganic layer. For example, the thickness of each organic
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layer may be about 2 to 5 times larger than the thickness of
each inorganic layer. Further, as illustrated in FIG. 3, respec-
tiveends of the inorganic layer and the organic layer may have
a structure directly contacting the substrate.

[0067] Here, the thickness of the inorganic layers 311, 312,
and 313 may be set in the range of from about 10 nm to about
50 nm respectively, and the thickness of the organic layers
321 and 322 may be set in the range of from about 20 nm to
about 200 nm respectively. In another embodiment of the
present disclosure, the thickness of each layer ofthe inorganic
layers is set to about 100 nm and the thickness of each layer of
the organic layers is set to about 500 nm to form the encap-
sulation layer 300.

[0068] Further, in orderto prevent the display unit 200 from
being damaged while forming the encapsulation layer 300, a
capping layer 400 may be disposed on the display unit 200
before the encapsulation layer is disposed on the capping
layer.

[0069] That is, as illustrated in FIG. 3, the capping layer
400 may be formed between the encapsulation layer 300 and
the display unit 200.

[0070] As anexample of the capping layer 400, the capping
layer 400 may be formed as an ultraviolet blocking layer
capable of blocking ultraviolet light that can negatively influ-
ence the display unit 200. That is, in some cases, in order to
form the organic layer 320 while forming the encapsulation
layer 300, the ultraviolet light is irradiated. In this case, in
order to prevent the display unit 200 from being damaged by
the ultraviolet light, the capping layer 400 having an ultravio-
let blocking characteristic may be formed on the display unit
200. The capping layer 400 may be formed in a single layer or
may be formed as a multilayer with two or more layers.
[0071] To this end, the capping layer 400 may be made of a
transparent material having an ultraviolet blocking character-
istic. As the material, a material reflecting or absorbing ultra-
violet light is included. As the capping layer 400, a material
having a characteristic of blocking moisture, air, or oxygen
may be used.

[0072] The thickness of the capping layer 400 may be con-
trolled to satisfy the following Formula.

nd=hd

[0073] Here, nis arefractive index, d is a thickness, and A
is a center value of an emission wavelength band. Here, the
emission wavelength is a visible light emission wavelength,
and a wavelength A may depend on a use thereof, in the case
of being applied as a use for emitting specific color light.
[0074] In the case of considering an ultraviolet blocking
characteristic, the thickness of the capping layer 400 may be
set in the range of from about 20 to about 200 nm. When the
thickness of the capping layer 400 is less than about 20 nm,
the ultraviolet light is not easily blocked, and thus display unit
200 may be damaged due to exposure to the ultraviolet light,
and when the thickness is more than about 200 nm, a light
extraction ratio or a color purity characteristic of the organic
light emitting display device may deteriorate.

[0075] According to an embodiment of the present disclo-
sure, the capping layer may comprise at least one material
selected from tris(8-hydroxyquinolinato) aluminum (Alq3),
ZnSe, 2,5-bis(6'<(2',2"-bipyridyl))-1,1-dimethyl-3,4-diphe-
nylsilole, 4,4'-bis|N-(1-naphthyl)-N-phenyl-amino [biphenyl
(a-NPD), N.N'-diphenyl-N,N'-bis(3-methylphenyl)-1,1'-bi-
phenyl-4,4'-diamine (TPD), 1,1'-bis[di-(4-tolylamino)phe-
nyl]cyclohexane (TAPC).
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[0076] When the capping layer is formed by using one of
these materials, the refractive index of the capping layer may
be in the range of about 1.6 or more.

[0077] As the refractive index of the capping layer is
increased, the capping layer can be made thinner. That is, in
the Formula, in a relationship of n-d=A/4, as a refractive index
nisincreased, a thickness d may be decreased, and as a result,
as the n is increased, it is advantageous to slim the device.
However, it is not easy to increase the refractive index of the
capping layer 400 without limit because it must be matched
with other desirable characteristics of the capping layer mate-
rial. Accordingly, considering the refractive index of the dis-
play unit 200 and the refractive index of the encapsulation
layer 300, the refractive index of the capping layer may desir-
ably be in the range of from about 1.6 to about 3.0.

[0078] When considering thicknesses of other constituent
elements of the organic light emitting display device in addi-
tion to that of the encapsulation layer 300, an efficiency
characteristic of the organic light emitting display device and
the refractive index of the capping layer material, a condition
of n-d=A/4 may be satisfied if the thickness of the capping
layer 400 is in the range from about 50 to about 150 nm.
[0079] Since the organic light emitting display device is
formed in a multilayer laminated structure, light generated
from the emission layer must pass through the laminated
structure disposed above the emission layer before being
discharged to the outside. However, as the light generated
from the emission layer passes through the laminated struc-
ture disposed above the emission layer, alarge amount of light
may dissipate. Light extraction efficiency of the organic light
emitting display device is not good because the light dissi-
pates.

[0080] Animportant factor among factors in explaining the
dissipation oflight as it passes through the multilayered struc-
ture is total reflection. In order to prevent the light from
dissipating due to total reflection while light is being dis-
charged to the outside, a structure that can induce a proper
reflection on the interface of the multilayered laminated
structure, thereby preventing a total reflection on the inter-
face, may be adopted. Such a structure, designed to make
proper reflection on the interface between the layers in order
to increase light extraction efficiency as light generated from
the emission layer is discharged to the outside, is called a
resonance structure. In this embodiment of the invention, in
order to reduce the amount of light dissipating while light
generated from the emission layer is discharged to the out-
side, the resonance structure is constructed.

[0081] In order to improve extraction of light using a reso-
nance structure, the proper reflection needs to be arranged.
However, in the case where the refractive index difference
between the display unit 200 and the encapsulation layer 300
is not large enough, minimal reflection occurs on the intet-
face, and the resonance condition is not optimally estab-
lished.

[0082] Further, when the capping layer 400 is disposed on
the display unit 200, in the case where a difference in a
refractive index between the capping layer 400 and the encap-
sulation layer 300 is not large, the reflection on the interface
does not easily occur, and the resonance condition is not
optimally established. For slimness of the device, it is advan-
tageous that the capping layer be made of a high refractive
index material. Regarding the encapsulation layer, in order to
prevent primary penetration of moisture, the first component
layer of the encapsulation layer, the one adjacent to the cap-
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ping layer, may be formed as an inorganic layer having a high
refractive index. In this case, since the refractive index of the
inorganic layer is high, the difference in a refractive index
between the capping layer and the inorganic layer is not large
and thus the resonance condition may not be established well.

[0083] Considering this, in an embodiment of the present
disclosure, the light extraction reduction preventing layer
500, having a low refractive index, is disposed between the
display unit 200 and the encapsulation layer 300 in order to
improve light extraction efficiency. In detail, since the light
extraction reduction preventing layer 500 is disposed
between the display unit 200 and the encapsulation layer 300,
a low refractive index layer is disposed between the display
unit 200 and the encapsulation layer 300 and thus a difference
in arefractive index between the layers occurs and may facili-
tate the establishment of a desired resonance condition.

[0084] Further, when the capping layer 400 is disposed on
the display unit 200, the light extraction reduction preventing
layer 500, having a low refractive index, is disposed between
the capping layer 400 and the encapsulation layer 300, and, as
a result, the difference in refractive index between the layers
occurs and improves light extraction efficiency.

[0085] More generally, in an organic light emitting display
device, the light extraction reduction preventing layer may be
interposed between a first adjacent layer and a second adja-
cent layer and may have a refractive index that is lower than
a refractive index of the first adjacent layer and lower than a
refractive index of the second adjacent layer. This configura-
tion may improve light extraction efficiency in the organic
light emitting display device.

[0086] In FIG. 3, the capping layer 400 is disposed on the
display unit 200, the light extraction reduction preventing
layer 500 is disposed on the capping layer 400, and the encap-
sulation layer 300 is disposed on the light extraction reduction
preventing layer 500. A portion of encapsulation layer 300
contacting the light extraction reduction preventing layer 500
is formed by the inorganic layer 311.

[0087] The light extraction reduction preventing layer 500
may be made of a light transmitting material, and it is advan-
tageous if the refractive index of the light extraction reduction
preventing layer 500 is very different from the refractive
indexes of the capping layer 400 and the encapsulation layer
300. In general, when considering that a refractive index of a
transparent solid material is 1.1 or more and the refractive
indexes of the capping layer 400 and the encapsulation layer
300are 1.5 ormore, the refractive index of the light extraction
reduction preventing layer 500 may advantageously be con-
trolled to 1.1 or more to less than 1.5.

[0088] Considering that readily available options exist for
selecting a low refractive index transparent solid material and
the difference in refractive index between that low refractive
index material and adjacent layers including the capping
layer 400 and the encapsulation layer 300, the refractive index
of the light extraction reduction preventing layer 500 may
advantageously be controlled to be in a range of from about
1.2 to about 1.4

[0089] When considering the difference in the refractive
index of the light extraction reduction preventing layer 500
compared to those of the capping layer 400 and the encapsu-
lation layer 300 and considering the need for transparency of
the material, the light extraction reduction preventing layer
500 may comprise at least one of CaF,, NaF, Na;AlF, SiOx,
AlF;, LiF, MgF,, and IF ;.

May 22, 2014

[0090] Meanwhile, in order to form the resonance struc-
ture, the light extraction reduction preventing layer 500 may
also be formed to satisfy the condition of the Formula, that is,
n-d=A4. When considering the details, the thickness of the
light extraction reduction preventing layer 500 may be set in
the range of from about 20 nm to about 200 nm.

[0091] FIG. 4 illustrates a structure of an organic light
emitting display device according to another embodiment of
the present disclosure. In the organic light emitting display
device illustrated in FIG. 4, an inorganic layer 410 is formed
after forming the display unit 200, the light extraction reduc-
tion preventing layer 500 is disposed on the inorganic layer
410, and the encapsulation layer 300 is disposed thereon.
Here, the inorganic layer 410 may correspond to the capping
layer 400 of FIG. 3. The inorganic layer 410 may be formed
with the same material used in the inorganic layer 310 of the
encapsulation layer 300 by the same method applied in the
formation of the inorganic layer 310. That is, the inorganic
layer 410 may also correspond to the inorganic layer 310 of
the encapsulation layer 300.

[0092] FIG. 5 illustrates a structure of an organic light
emitting display device according to yet another embodiment
of the present disclosure. Here, as illustrated in FIG. 3, the
encapsulation layer 300 is formed after the capping layer 400
and the light extraction reduction preventing layer 500 are
formed on the display unit 200, and the organic layer 320 is
first formed when the encapsulation layer 300 is formed.
[0093] Further, another embodiment of the present disclo-
sure provides a manufacturing method of an organic light
emitting display device.

[0094] Themanufacturing method of an organic light emit-
ting display device may include forming a display unit on a
substrate, forming a light extraction reduction preventing
layer on the display unit, and forming an encapsulation layer
on the light extraction reduction preventing layer.

[0095] Here, the manufacturing method of an organic light
emitting display device may further include forming a cap-
ping layer before the step of forming of the light extraction
reduction preventing layer and after the forming of the dis-
play unit.

[0096] The forming of the encapsulation layer may further
comprise laminating at least one inorganic layer and laminat-
ing at least one organic layer, one of the sequence of laminat-
ing an inorganic layer and then laminating an organic layer
and the sequence of laminating an organic layer and then
laminating an inorganic layer being repeated one or more
times.

[0097] Hereinafter, the structure of the organic light emit-
ting display device according to an embodiment of the present
disclosure and a manufacturing method thereof will be
described in more detail with reference to FIG. 6.

[0098] In the organic light emitting display device illus-
trated in FIG. 6, the substrate 100 may be made of glass or
polymer plastic which is generally used in organic light emit-
ting display devices. The substrate 100 may be transparent or
may not be transparent.

[0099] The first electrode 210 is disposed on the substrate
100.
[0100] As illustrated in FIG. 6, a plurality of thin film

transistors 120 may be formed on the substrate 100 before
forming the first electrode 210. The thin film transistor 120
includes a gate electrode 121, a drain electrode 122, a source
electrode 123, and a semiconductor layer 124, which are
formed on the substrate 100. Further, a gate insulating layer
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113 and aninterlayer insulating layer 115 are provided on the
thin film transistor 120. The structure of the thin film transis-
tor 120 is not limited to the form illustrated in FIG. 6 and may
be configured by another form. A buffer layer 111 made of
silicon oxide or silicon nitride may be further included
between the thin film transistor 120 and the substrate 100, if
necessary.

[0101] A first electrode 210, an emission layer 220, and a
second electrode 230 are sequentially formed above the thin
film transistors 120. The first electrode 210, the emission
layer 220, and the second electrode 230 form the display unit
200. Here, the first electrode 210 is an anode as a pixel
electrode which is electrically connected to the thin film
transistor 120, and the second electrode 230 is a cathode,
[0102] Thefirst electrode 210 is electrically connected with
alower thin film transistor 120. In this case, when a planariza-
tion layer 117 covering the thin film transistor 120 is pro-
vided, the first electrode 210 is disposed on the planarization
layer 117, and the first electrode 210 is electrically connected
to the thin film transistor 120 through a contact hole provided
in the planarization layer 117.

[0103] The first electrode 210 may be provided as a trans-
parent electrode or a reflective electrode. In the case where the
first electrode 210 is provided as the transparent electrode, the
first electrode 210 may be made of indium tin oxide (ITO),
indium zine oxide (IZ0), ZnO or In,O,, and in the case where
the first electrode 210 is provided as the reflective electrode,
the first electrode 210 may include a reflective layer made of
oneof Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, and a compound
thereof and a layer made of ITO, IZO, ZnO or In, O, thereon.
In the case where the first electrode 210 is the anode, as a
material of the first electrode 210, ITO may be a preferred
choice.

[0104] InFIG. 6,itis exemplified that the first electrode 210
serves as an anode and the second electrode 230 serves as a
cathode, but polarities of the first electrode 210 and the sec-
ond electrode 230 may be reversed.

[0105] A pixel defining layer (PDL) 240 may be provided
between the first electrodes 210. The pixel defining layer 240
may be made of a material having an insulation property and
may partition the first electrodes 210, electrically isolating the
first electrode 210 of each pixel from those of other pixels. In
detail, the pixel defining layer 240 may be disposed at an edge
of the first electrode 210 to partition the first electrodes by
forming pixel units and defining pixel areas.

[0106] The emission layer 220 may be provided between
the first electrode 210 and the second electrode 230. That is,
the emission layer 220 may be disposed in an opening on the
first electrode 210, which may be partitioned from other
pixels by the pixel defining layer 210. The emission layer 220
may include a red emission layer 221, a green emission layer
222, and a blue emission layer 223.

[0107] The emission layer 220 may be formed by various
methods, and, for example, may be formed by a one of a
deposition method and a transfer method using a transfer
donor film.

[0108] Atleastone ofaholeinjection layer, a hole transport
layer, an electron transport layer and an electron injection
layer in addition to the emission layer 220 may be further
provided between the first electrode 210 and the second elec-
trode 230. The emission layer 220, together with any of or any
combination of the hole injection layer, the hole transport
layer, the electron transport layer, and the electron injection
layer, are referred to collectively as an organic layer. The
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organic layer may be made of a low-molecular weight organic
material or a high-molecular weight organic material.
[0109] Low molecular weight organic materials may be
used for each of the hole injection layer, the hole transport
layer, the emission layer, the electron transport layer, and the
electroninjection layer. The low-molecular organic materials
may be laminated in a single or complex structure, and the
applicable organic material includes copper phthalocyanine
(CuPc), NN'-Di(naphthalene-1-yl)-N,N'-diphenylbenzidine
(NPB), tris(8-hydroxyquinolinato)aluminum (Alg,), and the
like. A vacuum deposition and the like is performed by using
a mask, and any of the light emission layer 220, the hole
injection layer, the hole transport layer, the electron transport
layer, and the electron injection layer may be formed by using
the low-molecular weight organic material.

[0110] Thehigh-molecular weight organic material may be
used for each of a hole transport layer (HTL) and an emission
layer (EML). In this case, the hole transport layer may be
made of poly(3,4-ethylenedioxythiophene) (PEDOT), and
the emission layer may be made of poly-phenylenevinylene
(PPV)-based and polyfluorene-based high-molecular weight
organic materials.

[0111] The second electrode 230 may be disposed on the
emission layer 220 and the pixel defining layer 240. The
second electrode 230 may be made of a material which is
generally used in the art. The second electrode 230 may also
be provided as a transparent electrode or a reflective elec-
trode. When the second electrode 230 is provided as the
transparent electrode, the second electrode 230 may includea
layer made of one of Li, Ca, LiF/Ca, LiF/Al, Al, Mg and a
compound thereof and a layer made of a material for forming
a transparent electrode such as ITO, 120, ZnO, or In,O,
thereon. When the second electrode 230 is provided as the
reflective electrode, the second electrode 230 may be pro-
vided by depositing one of Li, Ca, LiF/Ca, LiF/Al, Al, Mg and
a compound thereof. In the embodiment illustrated in FIG. 6,
when a top emission type organic light emitting display
device is described, the second electrode 230 may be manu-
factured as the transparent electrode. For example, the second
electrode 230 may be formed by using LiF/Al.

[0112] Thecapping layer 400 may be formed on the second
electrode 230. The capping layer may be made of a transpar-
ent material having an ultraviolet blocking characteristic to
protect the display unit 200 including the first electrode 210,
the emission layer 220, and the second electrode 230.
[0113] The light extraction reduction preventing layer 500
may be formed on the capping layer 400. The light extraction
reduction preventing layer 500 is made of a low refractive
index material, and while the light generated from the emis-
sion layer 220 is discharged to the outside, the light is sup-
pressed from dissipating, thereby improving light emission
efficiency.

[0114] The encapsulation layer 300 may be formed on the
light extraction reduction preventing layer 500.

[0115] Thecapping layer 400, the light extraction reduction
preventing layer 500, and the encapsulation layer 300 are
described above in detail.

[0116] As described above, the present disclosure provides
an organic light emitting display device that includes a sub-
strate, a first electrode disposed on the substrate, an emission
layer disposed on the first electrode, a second electrode dis-
posed on the emission layer, a capping layer disposed on the
second electrode, a light extraction reduction preventing
layer disposed on the capping layer, and an encapsulation
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layer disposed on the light extraction reduction preventing
layer, in which a refractive index of the light extraction reduc-
tion preventing layer is lower than a refractive index of the
capping layer and lower than a refractive index of the encap-
sulation layer.

[0117] From the foregoing, it will be appreciated that vari-
ous embodiments of the present disclosure have been
described herein for purposes of illustration, and that various
modifications may be made without departing from the scope
and spirit of the present disclosure. Accordingly, the various
embodiments disclosed herein are not intended to be limiting,
with the true scope and spirit being indicated by the following
claims.

What is claimed is:

1. An organic light emitting display device, comprising:

a substrate;

a display unit disposed on the substrate;

a light extraction reduction preventing layer disposed on

the display unit; and

an encapsulation layer disposed on the light extraction

reduction preventing layer.

2. The organic light emitting display device of claim 1, the
encapsulation layer having a structure in which a plurality of
inorganic layers and a plurality of organic layers are alter-
nately laminated.

3. The organic light emitting display device of claim 2, a
thickness of the organic layers being larger than a thickness of
the inorganic layers.

4. The organic light emitting display device of claim 1, a
refractive index of the encapsulation layer being in the range
of from about 1.5 to about 2.0.

5. The organic light emitting display device of claim 1, a
capping layer being disposed between the display unit and the
light extraction reduction preventing layer.

6. The organic light emitting display device of claim 5, a
thickness of the capping layer being from about 20 nm to
about 200 nm.

7. The organic light emitting display device of claim 5, the
capping layer comprising at least one of tris(8-hydroxyquino-
linato) aluminum (Alq3), ZnSe, 2,5-bis(6'-(2',2"-bipyridyl))-
1,1-dimethyl-3,4-diphenylsilole, 4.4'-bis[N-(1-naphthyl)-N-
phenyl-amino]biphenyl (c.-NPD), N,N-diphenyl-N,N-bis(3-
methylphenyl)-1,1'-biphenyl-4,4'-diamine (TPD), and 1,1'-
bis[di-(4-tolylamino)phenyl]cyclohexane (TAPC).

8. The organic light emitting display device of claim 5, a
refractive index of the capping layer being in the range of
from about 1.6 to about 3.0.

9. The organic light emitting display device of claim 1, a
refractive index of the light extraction reduction preventing
layer being in the range of 1.1 or more to less than 1.5.

10. The organic light emitting display device of claim 1, the
light extraction reduction preventing layer comprising at least
one of CaF,, NaF, Na,AlF ., SiOx, AlF,, LiF, MgF,, and IF;.

May 22, 2014

11. The organic light emitting display device of claim 1, a
thickness of the light extraction reduction preventing layer
being from about 20 nm to about 200 nm.

12. The organic light emitting display device of claim 1, the
display unit comprising: a first electrode formed on the sub-
strate; an emission layer formed on the first electrode; and a
second electrode formed on the emission layer.

13. A manufacturing method of an organic light emitting
display device, comprising:

forming a display unit on a substrate;

forming a light extraction reduction preventing layer on the
display unit; and

forming an encapsulation layer on the light extraction
reduction preventing layer.

14. The manufacturing method of an organic light emitting

display device of claim 13, further comprising:

forming a capping layer before the step of forming the light
extraction reduction preventing layer and after the step
of forming the display unit.

15. The manufacturing method of an organic light emitting
display device of claim 13, the step of forming the encapsu-
lation layer further comprising laminating at least one inor-
ganic layer and laminating at least one organic layer, one of
the sequence of laminating an inorganic layer and then lami-
nating an organic layer and the sequence of laminating an
organic layer and then laminating an inorganic layer being
repeated one or more times.

16. The manufacturing method of an organic light emitting
display device of claim 14, a refractive index of the capping
layer being in the range of from about 1.6 to about 3.0.

17. The manufacturing method of an organic light emitting
display device of claim 13, a refractive index of the light
extraction reduction preventing layer being in the range of 1.1
or more to less than 1.5.

18. An organic light emitting display device, comprising:

a substrate;

a first electrode disposed on the substrate;

an emission layer disposed on the first electrode;

a second electrode formed on the emission layer:;

a capping layer disposed on the second electrode;

a light extraction reduction preventing layer disposed on
the capping layer; and

an encapsulation layer disposed on the light extraction
reduction preventing layer,

a refractive index of the light extraction reduction prevent-
ing layer being lower than a refractive index of the
capping layer and lower than a refractive index of the
encapsulation layer.

19. The organic light emitting display device of claim 1, the
light extraction reduction preventing layer being interposed
between a first adjacent layer and a second adjacent layer and
having a refractive index that is lower than a refractive index
of the first adjacent layer and lower than a refractive index of
the second adjacent layer.
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