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(7) ABSTRACT

An organic light emitting display device includes: a sub-
strate; an organic light emitting element on the substrate; and
a thin film encapsulation layer on the organic light emitting
element. The thin film encapsulation layer includes a first
thin film, a second thin film and a third thin film which are
sequentially stacked therein, a refractive index of the second
thin film is about 1.7 or greater, and a refractive index of the
first thin film and a refractive index of the third thin film are
greater than the refractive index of the second thin film by
about 0.35 or greater.
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FIG. §

Three layers Five lavers Seven layers
a(LOW) | nfHigh) 1A N (oo | a(LOW) | n(High) {A A (o) | n(LOW) | alHigh) | A A {m)
1.4 2.1 93.04 1.4 1.837 | 65.52 1.4 1.717 | 49.29
1.5 2.178 89.70 1.5 1.924 60.07 1.5 1.808 45,11
1.6 2.25 82.08 1.6 2.008 | 54.83 1.6 1.898 | 41.27
1.7 2,318 | 6R8.91 1.7 2.001 | 46.04 1.7 1.986 | 34.61
1.8 2.386 62.59 1.8 2,172 41.8 1.8 2.073 31.44
1.9 2.452 | B6.68 1.9 2.252 | 37.83 1.9 2,159 | 28.45
2.0 2,515 | 50,94 2.0 2.330 | 34.00 2.0 2,243 1 2554
2.1 2,577 1 45.53 2.1 2,407 | 30.38 2.1 2,327 | 22,85
2.2 2.638 | 40.40 2.2 2.483 | 26.95 2.2 2.409 | 20.21
2.3 2.697 1 35.44 2.3 2.558 | 23.68 2.3 2.491 17.77
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FIG. 6C
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ORGANIC LIGHT EMITTING DISPLAY
DEVICE

[0001] This application claims priority to Korean Patent
Application No. 10-2016-0165128, filed on Dec. 6, 2016,
and all the benefits accruing therefrom under 35 U.S.C. §
119, the content of which in its entirety is herein incorpo-
rated by reference.

BACKGROUND

1. Field

[0002] Exemplary embodiments of the invention relate to
an organic light emitting display device including a layer
that reflects ultraviolet and near ultraviolet rays, and more
particularly, to an organic light emitting display device
including a thin film encapsulation layer, in which three or
more layers including a low refractive index layer having a
refractive index of about 1.7 or greater and a high refractive
index layer having a refractive index of about 2.3 or greater
are stacked.

2. Discussion of Related Art

[0003] Among various types of display device, an organic
light emitting display device has been attracting attention as
a next generation display device due to desired characteris-
tics thereof, such as a high response speed, a wide viewing
angle and a high contrast. The organic light emitting display
device may be used as a display portion of a small device
such as a mobile phone or a display portion of a large
product such as a television.

[0004] Generally, an organic light emitting display device
includes organic light emitting elements disposed on a
substrate, and a thin film encapsulation layer covering the
organic light emitting elements. Since such organic light
emitting elements are typically vulnerable to moisture and
oxygen, the thin film encapsulation layer is provided on the
organic light emitting elements to prevent external moisture
and oxygen from permeating into a panel, thereby protecting
the organic light emitting element from the external oxygen
and moisture.

SUMMARY

[0005] Exemplary embodiments of the invention relate to
an organic light emitting display device including a thin film
encapsulation layer which includes an ultraviolet ray reflec-
tive layer for protecting an organic light emitting layer from
ultraviolet rays and near ultraviolet rays.

[0006] According to an exemplary embodiment, an
organic light emitting display device includes: a substrate;
an organic light emitting element on the substrate; and a thin
film encapsulation layer on the organic light emitting ele-
ment. In such an embodiment, the thin film encapsulation
layer includes a first thin film, a second thin film and a third
thin film which are sequentially stacked therein, a refractive
index of the second thin film is about 1.7 or greater, and a
refractive index of the first thin film and a refractive index
of the third thin film are greater than the refractive index of
the second thin film by at least about 0.35 or greater.
[0007] In an exemplary embodiment, the refractive index
of the second thin film may be about 2.3 or less.

[0008] In an exemplary embodiment, the second thin film
may include at least one of Nd,O;, Gd,0;, Sm,0;, Sc,0;,
Y,0;, Si0, Ti0,, Z2r0,+Y,0,, Zr0, and Sn0O,,.
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[0009] In an exemplary embodiment, each of the refrac-
tive index of the first thin film and the refractive index of the
third thin film may be about 2.05 or greater.

[0010] In an exemplary embodiment, each of the first thin
film and the third thin film may include at least one of
710,+TiO,, Cr,0;, Zn0, Ta,04, TiO,+T,0s, Sb,0,, ZnS,
CuO, Fe,0;, and Si.

[0011] In an exemplary embodiment, each of the first thin
film, the second thin film, and the third thin film may have
a thickness of about 60 nanometers (nm) or less.

[0012] In an exemplary embodiment, a reflectance of the
thin film encapsulation layer may be about 20% or more at
a wavelength of about 410 nm.

[0013] In an exemplary embodiment, a reflectance of the
thin film encapsulation layer may be about 5% or less at a
wavelength in a range from about 500 nm to about 600 nm.

[0014] In an exemplary embodiment, the organic light
emitting display device may further include a monomer
layer between the thin film encapsulation layer and the
organic light emitting element.

[0015] In an exemplary embodiment, the monomer layer
may have a thickness of about 40000 angstroms or greater.

[0016] In an exemplary embodiment, the monomer layer
may include at least one of: propargyl methacrylate
(“PMA”), glycidyl methacrylate (“GMA”), pentafluorophe-
nyl methacrylate (“PFM”), furfuryl methacrylate (“FMA”),
hydroxyethyl methacrylate (“HEMA™), vinyl pyrrolidone
(“VP”), dimethylaminomethyl styrene (“DMAMS”), cyclo-
hexyl methacrylate (“CHMA”), perfluorodecyl acrylate
(“PFA™), trivinyltrimethyl cyclotrisiloxane (“V3D3”),
4-aminostyrene (“AS”), N-isopropylacrylamine (“NI-
PAAm”), maleic anhydride-alt-styrene (“MA-alt-St”), meth-
acrylic acid-co-ethyl acrylate (“MAA-co-EA”), ethyl-
eneglycol dimethacrylate (“EGDMA”), divinylbenzene
(“DVB”), and di(ethylene glycol)divinyl ether (“DE-
GDVE”).

[0017] In an exemplary embodiment, at least one of the
first thin film and the third thin film may include SiON.

[0018] In an exemplary embodiment, the second thin film
may include SiNx.

[0019] In an exemplary embodiment, each of the first thin
film, the second thin film and the third thin film may have
a thickness of about 60 nm or less.

[0020] According to an exemplary embodiment, an
organic light emitting display device includes: a substrate;
an organic light emitting element on the substrate; and a thin
film encapsulation layer on the organic light emitting ele-
ment. In such an embodiment, the thin film encapsulation
layer includes a first thin film, a second thin film and a third
thin film which are sequentially stacked therein, a refractive
index of the second thin film is about 1.7 or greater, a
refractive index of the first thin film and a refractive index
of the third thin film are greater than the refractive index of
the second thin film, and a reflectance of the thin film
encapsulation layer is about 30% or greater at a wavelength
of about 780 nm.

[0021] In an exemplary embodiment, the second thin film
may include at least one of Nd,O;, Gd,O5, Sm,0;, Sc,0;,
Y,0;, Si0, TiO, ZrO, and SnO,.

[0022] In an exemplary embodiment, each of the refrac-
tive index of the first thin film and the refractive index of the
third thin film may be about 2.3 or greater.
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[0023] 1In an exemplary embodiment, each of the first thin
film and the third thin film may include at least one of
71r0,+Ti0,, Cr,0;, Zn0, Ta, 0, Ti0,+T,05, Sb,0,, Zn8S,
CuO, Fe,0;, and Si.

[0024] In an exemplary embodiment, at least one of the
first thin film and the third thin film may include SiON, and
the second thin film may include SiNx.

[0025] In an exemplary embodiment, each of the first thin
film, the second thin film, and the third thin film may have
a thickness of about 60 nm or less.

[0026] The foregoing is illustrative only and is not
intended to be in any way limiting. In addition to the
illustrative aspects, exemplary embodiments and features
described above, further aspects, exemplary embodiments
and features will become apparent by reference to the
drawings and the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The above and other features of the invention will
become more apparent by describing in detail exemplary
embodiments thereof with reference to the accompanying
drawings, in which:

[0028] FIG. 1 is a plan view illustrating an organic light
emitting display device according to an exemplary embodi-
ment;

[0029] FIG. 2 is a cross-sectional view taken along line I-I'
of FIG. 1,
[0030] FIGS. 3A, 3B and 3C are graphs illustrating a

transmittance change of a conventional thin film encapsu-
lation layer due to ultraviolet light;

[0031] FIG. 4 is a layout diagram illustrating an ultraviolet
light blocking thin film encapsulation layer according to an
exemplary embodiment;

[0032] FIG. 51is a table showing a refractive index and the
number of stacked thin films;

[0033] FIGS. 6A, 6B and 6C are graphs illustrating a
reflectance of a thin film encapsulation layer according to an
exemplary embodiment;

[0034] FIG.7 is a table showing a refractive index of a thin
film according to an alternative exemplary embodiment; and
[0035] FIGS. 8A and 8B are graphs illustrating a reflec-
tance of a thin film encapsulation layer according to an
alternative exemplary embodiment.

DETAILED DESCRIPTION

[0036] Exemplary embodiments will now be described
more fully hereinafter with reference to the accompanying
drawings. Although the invention may be modified in vari-
ous manners and have several exemplary embodiments,
exemplary embodiments are illustrated in the accompanying
drawings and will be mainly described in the specification.
However, the scope of the invention is not limited to the
exemplary embodiments and should be construed as includ-
ing all the changes, equivalents and substitutions included in
the spirit and scope of the invention.

[0037] Inthe drawings, thicknesses of a plurality of layers
and areas are illustrated in an enlarged manner for clarity
and ease of description thereof. When a layer, area, or plate
is referred to as being “on” another layer, area, or plate, it
may be directly on the other layer, area, or plate, or inter-
vening layers, areas, or plates may be therebetween. Con-
versely, when a layer, area, or plate is referred to as being
“directly on” another layer, area, or plate, intervening layers,
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areas, or plates may be absent therebetween. Further when
a layer, area, or plate is referred to as being “below” another
layer, area, or plate, it may be directly below the other layer,
area, or plate, or intervening layers, areas, or plates may be
present therebetween. Conversely, when a layer, area, or
plate is referred to as being “directly below” another layer,
area, or plate, intervening layers, areas, or plates may be

absent therebetween.
[0038] The spatially relative terms “below”, “beneath”,
“lower”, “above”, “upper” and the like, may be used herein
for ease of description to describe the relations between one
element or component and another element or component as
illustrated in the drawings. It will be understood that the
spatially relative terms are intended to encompass different
orientations of the device in use or operation, in addition to
the orientation depicted in the drawings. For example, in the
case where a device illustrated in the drawing is turned over,
the device positioned “below” or “beneath” another device
may be placed “above” another device. Accordingly, the
illustrative term “below” may include both the lower and
upper positions. The device may also be oriented in the other
direction and thus the spatially relative terms may be inter-
preted differently depending on the orientations.

[0039] Throughout the specification, when an element is
referred to as being “connected” to another element, the
element is “directly connected” to the other element, or
“electrically connected” to the other element with one or
more intervening elements interposed therebetween. It will
be further understood that the terms “comprises,” “compris-
ing,” “includes” and/or “including,” when used in this
specification, specify the presence of stated features, inte-
gers, steps, operations, elements and/or components, but do
not preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components
and/or groups thereof.

[0040] It will be understood that, although the terms
“first,” “second,” “third,” and the like may be used herein to
describe various elements, these elements should not be
limited by these terms. These terms are only used to distin-
guish one element from another element. Thus, “a first
element” discussed below could be termed “a second ele-
ment” or “a third element,” and “a second element” and “a
third element” may be termed likewise without departing
from the teachings herein.

[0041] “About” or “approximately” as used herein is
inclusive of the stated value and means within an acceptable
range of deviation for the particular value as determined by
one of ordinary skill in the art, considering the measurement
in question and the error associated with measurement of the
particular quantity (i.e., the limitations of the measurement
system).

[0042] Unless otherwise defined, all terms used herein
(including technical and scientific terms) have the same
meaning as commonly understood by those skilled in the art
to which this invention pertains. It will be further understood
that terms, such as those defined in commonly used diction-
aries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant
art and will not be interpreted in an ideal or excessively
formal sense unless clearly defined in herein.

[0043] Some of the parts which are not associated with the
description may not be provided in order to specifically
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describe exemplary embodiments of the invention, and like
reference numerals refer to like elements throughout the
specification.

[0044] Hereinafter, an exemplary embodiment of the
invention will be described with reference to FIGS. 1 and 2.

[0045] FIG. 1 is a plan view illustrating an organic light
emitting display device according to an exemplary embodi-
ment, and FIG. 2 is a cross-sectional view taken along line
I-I' of FIG. 1.

[0046] As illustrated in FIGS. 1 and 2, an exemplary
embodiment of an organic light emitting display device 101
includes a substrate 110, a wiring portion 130, an organic
light emitting element 210 and a thin film encapsulation
layer 230.

[0047] The substrate 110 may include an insulating mate-
rial selected from: glass, quartz, ceramic, plastic, or the like.
However, exemplary embodiments are not limited thereto,
and alternatively, the substrate 110 may include a metallic
material such as stainless steel.

[0048] In an exemplary embodiment, as shown in FIG. 2,
a buffer layer 120 is disposed on the substrate 110. The
buffer layer 120 may include at least one of various inor-
ganic layers and organic layers. The buffer layer 120 serves
to substantially prevent permeation of undesirable elements,
e.g., impurity elements or moisture, into the wiring portion
130 or the organic light emitting element 210, and to
planarize a surface therebelow. In an alternative exemplary
embodiment, the buffer layer 120 may be omitted.

[0049] The wiring portion 130 is disposed on the buffer
layer 120. The wiring portion 130 includes a switching thin
film transistor (“TFT”) 10, a driving TFT 20 and a capacitor
80, and drives the organic light emitting element 210. The
organic light emitting element 210 emits light based on a
driving signal received from the wiring portion 130 to
display an image.

[0050] FIGS. 1 and 2 illustrate an exemplary embodiment
where the organic light emitting display device 101 is an
active matrix-type organic light emitting diode (“AMO-
LED”) display device having a two-transistor-one-capacitor
(“2Tr-1Cap”) structure. In such an embodiment, the 2Tt-
1Cap structure may include two TFTs, e.g., the switching
TFT 10 and the driving TFT 20, and a single capacitor 80 in
each pixel, but exemplary embodiments are not limited
thereto. In one alternative exemplary embodiment, for
example, the organic light emitting display device 101 may
include three or more TFTs and two or more capacitors in
each pixel, and may further include additional wirings.
Herein, the term “pixel” refers to a smallest unit for dis-
playing an image, and the organic light emitting display
device 101 displays an image using a plurality of pixels.
[0051] In an exemplary embodiment, each pixel PX
includes the switching TFT 10, the driving TFT 20, the
capacitor 80, and the organic light emitting element 210. In
such an embodiment, a gate line 151 extending along one
direction, and a data line 171 and a common power line 172
insulated from and intersecting the gate line 151 are dis-
posed in the wiring portion 130. Each pixel PX may be
defined by the gate line 151, the data line 171 and the
common power line 172, which collectively define a bound-
ary thereof, but exemplary embodiments are not limited
thereto. In an alternative exemplary embodiment, the pixels
PX may be defined by a pixel defining layer 190 or a black
matrix.
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[0052] The organic light emitting element 210 includes a
first electrode 211, an organic light emitting layer 212 on the
first electrode 211, and a second electrode 213 on the organic
light emitting layer 212. Holes and electrons are injected
into the organic light emitting layer 212 from the first
electrode 211 and the second electrode 213, respectively.
When the excitons formed by the injection of the injected
holes and electrons fall from the excited state to the ground
state, light emission occurs.

[0053] The capacitor 80 includes a pair of capacitor plates
158 and 178, with an insulating interlayer 145 interposed
therebetween. In such an embodiment, the insulating inter-
layer 145 may be a dielectric element. A capacitance of the
capacitor 80 is determined by electric charges accumulated
in the capacitor 80 and a voltage or a potential difference
between the pair of capacitor plates 158 and 178.

[0054] In an exemplary embodiment, as shown in FIG. 1,
the switching TFT 10 includes a switching semiconductor
layer 131, a switching gate electrode 152, a switching source
electrode 173 and a switching drain electrode 174. In such
an embodiment, the driving TFT 20 includes a driving
semiconductor layer 132, a driving gate electrode 155, a
driving source electrode 176 and a driving drain electrode
177. A gate insulation layer 140 is further provided to
insulate the semiconductor layers 131 and 132 and the gate
electrodes 152 and 155.

[0055] The switching TFT 10 may function as a switching
element which selects a pixel to perform light emission. The
switching gate electrode 152 is connected to the gate line
151, and the switching source electrode 173 is connected to
the data line 171. In such an embodiment, the switching
drain electrode 174 is spaced apart from the switching
source electrode 173 and connected to one of the capacitor
plates, e.g., the capacitor plate 158.

[0056] The driving TFT 20 applies a driving power, which
allows an organic light emitting layer 212 of an organic light
emitting element 210 in a selected pixel to emit light, to a
first electrode 211. The driving gate electrode 155 is con-
nected to the one capacitor plate 158 that is connected to the
switching drain electrode 174. Each of the driving source
electrode 176 and the other of the capacitor plates, e.g., the
capacitor plate 178, is connected to the common power line
172. The driving drain electrode 177 is connected to the first
electrode 211 of the organic light emitting element 210
through a contact hole defined in the planarization layer 146.

[0057] In an exemplary embodiment having the structure
described above, the switching TFT 10 is driven based on a
gate voltage applied to the gate line 151 and serves to
transmit a data voltage applied to the data line 171 to the
driving TFT 20. A voltage equivalent to a difference between
a common voltage applied to the driving TFT 20 from the
common power line 172 and the data voltage transmitted by
(or from) the switching TFT 10 is stored in the capacitor 80,
and a current corresponding to the voltage stored in the
capacitor 80 flows to the organic light emitting element 210
through the driving TFT 20 such that the organic light
emitting element 210 may emit light.

[0058] In an exemplary embodiment, the first electrode
211 maybe an anode for injecting holes, and the second
electrode 213 maybe a cathode for injecting electrons.
However, exemplary embodiments are not limited thereto,
and alternatively, the first electrode 211 may be a cathode
and the second electrode 213 may be an anode.
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[0059] In an exemplary embodiment, a planarization layer
146 is disposed on the insulating interlayer 145. The pla-
narization layer 146 may include an insulating material, and
protect the wiring portion 130. The planarization layer 146
and the insulating interlayer 145 may include a substantially
same material as each other.

[0060] The driving drain electrode 177 of the driving thin
film transistor 20 is connected to the first electrode 211 of the
organic light emitting element 210 through a contact hole
defined in the planarization layer 146.

[0061] According to an exemplary embodiment, the first
electrode 211 is a reflective electrode, and the second
electrode 213 is a transflective electrode. Accordingly, in
such an embodiment, a light generated in the organic light
emitting layer 212 is emitted through the second electrode
213. In such an embodiment, the organic light emitting
display device 101 have a top emission type structure.

[0062] In an exemplary embodiment, the reflective elec-
trode or the transflective electrode may include a metal. In
one exemplary embodiment, for example, the metal includes
magnesium (Mg), silver (Ag), gold (Au), calcium (Ca),
lithium (Li), chromium (Cr), aluminum (Al) and copper
(Cu) or an alloy thereof.

[0063] In one exemplary embodiment, for example, the
first electrode 211 may include a reflective layer including at
least one of magnesium (Mg), silver (Ag), gold (Au),
calcium (Ca), lithium (Li), chromium (Cr), aluminum (Al)
and copper (Cu), and a transparent conductive layer dis-
posed on the reflective layer. In an exemplary embodiment,
the transparent conductive layer may include a transparent
conductive oxide (“TCO”). In one exemplary embodiment,
for example, the TCO may include at least one of indium tin
oxide (“ITO”), indium zinc oxide (“IZ0”), zinc oxide
(Zn0), aluminum zinc oxide (“AZO”) or indium oxide
(In,O,). Since such a transparent conductive layer has a
relatively high work function, hole injection through the first
electrode 211 may become smooth.

[0064] In an exemplary embodiment, the first electrode
211 may have a triple-layer structure in which a transparent
conductive layer, a reflective layer and a transparent con-
ductive layer are sequentially stacked.

[0065] The second electrode 213 may include a transflec-
tive layer including at least one of magnesium (Mg), silver
(Ag), gold (Au), calcium (Ca), lithium (Li), chromium (Cr),
aluminum (Al) and copper (Cu). As a thickness of the
transflective electrode decreases, the light transmittance
increases. On the contrary, as the thickness of the transflec-
tive electrode increases, the light transmittance decreases.

[0066] The organic light emitting layer 212 may include a
unimolecular organic material or a macromolecular organic
material. The organic light emitting layer 212 may be
formed by a known method using a known organic light
emitting material.

[0067] In an exemplary embodiment, as shown in FIG. 2,
an opening is defined in a pixel defining layer 190. The
opening in the pixel defining layer 190 exposes a portion of
the first electrode 211. The organic light emitting layer 212
and the second electrode 213 are sequentially stacked on a
portion of the first electrode 211 that is exposed by the
opening. The second electrode 213 is disposed not only on
the organic light emitting layer 212 but also on the pixel
defining layer 190. The pixel defining layer 190 may define
a light emission area.
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[0068] In an exemplary embodiment, the thin film encap-
sulation layer 230 is disposed on the organic light emitting
element 210. The thin film encapsulation layer 230 effec-
tively protects the organic light emitting element 210 and
also serves to allow the light generated in the organic light
emitting layer 212 to be efficiently emitted to an outside. In
such an embodiment, the thin film encapsulation layer 230
also serves to block near ultraviolet rays from an outside.
[0069] The thin film encapsulation layer 230 may include
a first refractive index layer 231 that defines an outermost
layer thereof, a second refractive index layer 232, and a third
refractive index layer 233.

[0070] In an exemplary embodiment, the thickness of the
thin film encapsulation layer 230 is not particularly limited.
The thin film encapsulation layer 230 may have a thickness
enough to protect the organic light emitting element 210.
When the thin film encapsulation layer 230 is thick, the
organic light emitting element 210 may be more effectively
protected. However, the thin film encapsulation layer 230
becomes thicker, the thickness of the organic light emitting
display device 101 becomes greater. In an exemplary
embodiment, the thin film encapsulation layer 230 may have
a thickness in a range from about 30 nanometers (nm) to
about 100 nm to effectively protect the organic light emitting
element 210.

[0071] FIGS. 3A, 3B and 3C are graphs illustrating a
transmittance change of a conventional thin film encapsu-
lation layer due to ultraviolet light.

[0072] A thin film layer including SiON or SiNx is irra-
diated with solar rays for a predetermined period of time,
and transmission characteristics of the thin film layer is
measured for each wavelength. The solar ray irradiated to
the thin film layer is output from a solar photon simulation
apparatus (not illustrated). The solar photon simulation
apparatus (not illustrated) is a device which implements a
spectrum similar to the external solar light in a laboratory. A
wavelength of an output light from the solar photon simu-
lation apparatus may be in a range from about 250 nm to
about 4000 nm, which is similar to the wavelength of the
solar light. The measurement of the transmittance is per-
formed mainly with respect to a wavelength range from
about 380 nm to about 650 nm to include a range of
ultraviolet light and visible light.

[0073] FIG. 3Ais a graph illustrating a transmittance of a
SiON thin film layer measured before and after the solar
light is irradiated to the SiON thin film layer. The transmit-
tance of the SiON thin film layer before solar light irradia-
tion is indicated by a solid line, and the transmittance of the
SiON thin film after solar light irradiation is indicated by a
dotted line. Referring to FIG. 3A, the transmittance of the
SiON thin film layer shows substantially no difference
before and after being irradiated by the solar light. The SION
thin film layer is typically used for an encapsulation layer at
a position close to the organic light emitting element 210.
[0074] FIG. 3B is a graph illustrating a transmittance of a
SiNx thin film layer measured before and after the solar light
is irradiated to the SiNx thin film layer. The transmittance of
the SiNx thin film layer before solar light irradiation is
indicated by a solid line, and the transmittance of the SiNx
thin film after solar light irradiation is indicated by a dotted
line as FIG. 3A Referring to FI1G. 3B, the transmittance of
the SiNx thin film layer increases in a wavelength range of
about 450 nm or less after irradiation of solar light. In
particular, at a wavelength of about 380 nm, the transmit-
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tance increases greatly from about 60% to about 70%. The
SiNx thin film layer is typically used for an encapsulation
layer at an outer area where a polarizing member is located.

[0075] FIG. 3C is a graph illustrating a transmittance of a
thin film layer, in which three layers of SiON-Monomer
(“M”)-SiNx are stacked, before and after the solar light is
irradiated thereto. The transmittance of the thin film layer
including three layers of SiON-M-SiNx before solar light
irradiation is indicated by a solid line, and the transmittance
thereof after solar light irradiation is indicated by a dotted
line. Referring to FIG. 3C, the transmittance of the thin film
layer of three layers of SiON-M-SiNx increases in a wave-
length range of about 450 nm or less after irradiation of solar
light. In particular, at a wavelength of about 380 nm, the
transmittance increases from about 60% to about 70%,
which is similar to the transmittance characteristics of the
SiNx thin film of FIG. 3B.

[0076] Referring to FIGS. 3A, 3B and 3C, the transmit-
tance of the thin film encapsulation layer 230 including SiNx
may increase in a near ultraviolet range when the organic
light emitting display device 101 is used outdoor or exposed
to solar light. When a light having a wavelength of about 450
nm or less, which corresponds to a near ultraviolet range, is
incident to the organic light emitting element 210, an outgas
may be generated from the pixel defining layer 190 of the
organic light emitting element 210. The generated outgas
may damage the organic light emitting layer 212, causes
dark spots, and shorten the lifetime of the element.

[0077] FIG. 4 is a layout diagram illustrating an ultraviolet
light blocking thin film encapsulation layer according to an
exemplary embodiment.

[0078] Referring to FIG. 4, the organic light emitting
element 210 (EL in FIG. 4), a monomer, the thin film
encapsulation layer 230, and a polarizing plate POL are
located from the right side of the graph.

[0079] In an exemplary embodiment, the thin film encap-
sulation layer 230 has a stacking structure in which three or
more thin films are stacked one on another, and the thin film
encapsulation layer 230 reflects an incident light in a pre-
determined wavelength range. The wavelength range to be
reflected is about 450 nm or less, which is a range of
ultraviolet rays that affects the organic light emitting ele-
ment 210. The thin film encapsulation layer 230 includes
three or more layers defined by a thin film including a
material having a high refractive index (hereinafter, “a high
refractive index layer”) and a thin film including a material
having a low refractive index (hereinafter, “a low refractive
index layer”), which are alternately stacked. The terms of the
high refractive index layer and the low refractive index layer
herein are not classified based on an absolute refractive
index of the material, but are classified by a comparison of
the relative refractive indices.

[0080] The thin film encapsulation layer 230 may include
three or more layers including a high refractive index layer,
a low refractive index layer and a high refractive index layer,
and may have a thin film layer structure including five or
seven stacked layers. An overall thickness of the thin film
encapsulation layer 230 may be in a range from about 50 nm
to about 500 nm. In such an embodiment, a thickness of each
of the low refractive index layer and the high refractive
index layer is about 60 nm or less. In an exemplary embodi-
ment, where a thickness of each of the low refractive index
layer and the high refractive index layer is more than about
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60 nm, optical interference based on a difference between
refractive indices may hardly occur, and the reflection effect
may not occur.

[0081] The monomer disposed between the thin film
encapsulation layer 230 and the organic light emitting ele-
ment 210 is an organic layer capable of blocking transmis-
sion of external moisture and oxygen. In one exemplary
embodiment, for example, the monomer may include at least
one of propargyl methacrylate (“PMA”), glycidyl methacry-
late (“GMA”), pentafluorophenyl methacrylate (“PFM”),
furfuryl methacrylate (“FMA”), hydroxyethyl methacrylate
(“HEMA™), vinyl pyrrolidone (“VP”), dimethylaminom-
ethyl styrene (“DMAMS”), cyclohexyl methacrylate
(“CHMA”), perfluorodecyl acrylate (“PFA”), trivinyltrim-
ethyl cyclotrisiloxane (“V3D3”), 4-amino styrene (“AS”),
N-isopropylacrylamine (“NIPAAm™), maleic anhydride-alt-
styrene (“MA-alt-St”), methacrylic acid-co-ethyl acrylate
(“MAA-co-EA”), ethyleneglycol dimethacrylate
(“EGDMA”), divinylbenzene (“DVB”), and di(ethylene
glycol)divinyl ether (“DEGDVE”), but the kind of the
monomer is not limited thereto. The monomer may have a
thickness of about 4000 nm or greater.

[0082] A reflectance Rf and a transmittance T of the thin
film encapsulation layer 230 having a structure, in which a
low refractive index layer and a high refractive index layer
are disposed on a substrate, may be calculated by the
following equation.

[0083] Inthe Equation below, ns denotes a refractive index
of the substrate, nlL denotes a refractive index of the low
refractive index layer, nH denotes a refractive index of the
high refractive index layer, A denotes a central wavelength,
and p denotes the number of a pair of the low/high refractive
index layers in the thin film encapsulation layer 230.
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[0084] In addition, a reflection wavelength range (AM)
with respect to a center wavelength (3) may be calculated by
the following equation.

AA = g/lo . arcsin(nH _ nL)

Ry + 01y

[0085] Accordingly, refractive index of each layer of the
thin film encapsulation layer 230 that reflects light in the
ultraviolet wavelength range may set based on the reflec-
tance in a wavelength range of about 380 nm.

[0086] Based on the above equation, the substrate may
have the refractive index ns of about 1.5, the low refractive
index layer on the substrate may have the refractive index nlL
of about 1.7 and the thickness of about 40.97 nm, and the
high refractive index layer on the low refractive index layer
may have the refractive index nH of about 2.32 and the
thickness of about 55.88 nm, The thin film layer including
the low refractive index layer and the high refractive index
layer has a reflectance Rf of about 40.04%, and a reflection
wavelength range of about 74.82 nm.



US 2018/0159083 A1

[0087] FIG. 5is a table showing a refractive index and the
number of stacked thin films.

[0088] FIG. 5 shows a result of a reflection wavelength
range AA based on a refractive index of a lower refractive
index layer and a refractive index of a high refractive index
layer, when the thin film encapsulation layer 230 is config-
ured in a way such that a center wavelength A is about 380
nm and a reflectance Rf is about 40%.

[0089] The wavelength range, in which reflection of the
incident light occurs, may be calculated by adding or sub-
tracting a half value of the reflection wavelength range A\
to the center wavelength of the reflection wavelength. When
the center wavelength is about 380 nm, for example, the
reflection wavelength range AA is about 40 nm, and the
reflection wavelength corresponds to a range from about 360
nm, which is obtained by subtracting 20 nm from 380 nm,
to about 400 nm, which is obtained by adding 20 nm to 380
nm.

[0090] The reflection range of the thin film encapsulation
layer 230 includes a range of about 400 nm or less, which
corresponds to ultraviolet and near ultraviolet rays harmful
to the organic light emitting element 210. On the other hand,
it is more desired as the reflectance Rf of the wavelength
range corresponding to the visible ray range decreases. In
the case where the central wavelength A of the reflection
wavelength is about 380 nm, refractive indices of the low
refractive index layer and the high refractive index layer
may be selected to satisfy the above condition such that the
reflection wavelength range AA is less than about 70 nm.
[0091] The triple-layered thin film encapsulation layer of
FIG. 5 has a structure in which a high refractive index layer,
a low refractive index layer and a high refractive index layer
are sequentially stacked. A penta-layered thin film encapsu-
lation layer has a structure in which a high refractive index
layer, a low refractive index layer, a high refractive index
layer, a low refractive index layer and a high refractive index
layer are sequentially stacked, and a hepta-layered thin film
encapsulation layer has a structure in which a high refractive
index layer, a low refractive index layer, a high refractive
index layer, a low refractive index layer, a high refractive
index layer, a low refractive index layer and a high refractive
index layer are sequentially stacked.

[0092] Referring to FIG. 5, in the case where the thin film
encapsulation layer has a triple-layered structure, when the
refractive index of the low refractive index layer is in a range
from about 1.4 to about 1.6, the reflection wavelength range
Al is in a range from about 98.04 nm to about 82.08 nm. As
shown in FIG. 5, in the case where the refractive index of the
low refractive index layer is in a range from about 1.7 to
about 2.3, the reflection wavelength range AX is in a range
from about 68.91 nm to about 35.44 nm. When the thin film
encapsulation layer is formed to have a triple-layered thin
film structure, the process becomes simple and the thin film
encapsulation layer may be manufactured at a low cost.
[0093] As shown in FIG. 5, when the refractive index of
the low refractive index layer of the thin film encapsulation
layer is about 1.6 or less, the reflection wavelength range AM
exceeds about 82.08 nm. Since the center wavelength A is
about 380 nm, a maximum wavelength at which reflection
oceurs is about 421 nm which is obtained by adding 41 nm,
Y5 of the reflection wavelength range AX, to 380 nm. 421 nm
belongs to a wavelength range corresponding to blue light.
That is, when the refractive index of the low refractive index
layer of the thin film encapsulation layer is about 1.6 or less,
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blue light of the incident light may be reflected. In such a
case, color expression capability of the organic light emit-
ting display device may be degraded since the incident light
in a visible ray range including the blue light is reflected.
[0094] As shown in FIG. 5, when the refractive index of
the low refractive index layer of the triple-layered thin film
encapsulation layer is about 1.7 and the refractive index of
the high refractive index layer is about 2.3 or greater, the
reflection wavelength range Ak is about 68.91 nm. In such
an exemplary embodiment, a maximum wavelength at
which the reflection occurs is about 414 nm, which is
obtained by adding 34 nm, %4 of the reflection wavelength
range Ak, to 380 nm. 414 nm belongs to a near ultraviolet
range of about 415 nm or less, and the color expression
capability of the organic light emitting display device may
not be degraded.

[0095] In the case where the thin film encapsulation layer
has a penta-layered thin film structure, when the refractive
index of the low refractive index layer is in a range from
about 1.4 to about 1.6, the reflection wavelength range A\ is
in a range from about 65.52 nm to about 54.83 nm. As shown
in FIG. 5, when the refractive index of the low refractive
index layer is in a range from about 1.7 to about 2.3, the
reflection wavelength range AMA is in a range from about
46.04 nm to about 23.68 nm.

[0096] In the case where the thin film encapsulation layer
has a hepta-layered thin film structure, when the refractive
index of the low refractive index layer is in a range from
about 1.4 to about 1.6, the reflection wavelength range A\ is
in a range from about 49.29 nm to about 41.27 nm. As shown
in FIG. 5, when the refractive index of the low refractive
index layer is in a range from about 1.7 to about 2.3, the
reflection wavelength range AMA is in a range from about
34.61 nm to about 17.77 nm.

[0097] Referring to FIG. 5, it is most desired that the thin
film encapsulation layer be formed into a triple-layered thin
film structure, the refractive index of the low refractive
index layer be about 1.7 or greater and the refraction index
of the high refractive index layer be about 2.3 or greater.
When the refractive index of the low refractive index layer
is about 1.7 or greater, the thin film encapsulation layer may
reflect ultraviolet rays and near ultraviolet rays with a
minimum number of layers.

[0098] 1In addition, the stacked thin films may have five,
seven, or more layers, such that the wavelength range to be
reflected may be narrowed. Accordingly, reflection may be
effectively prevented from occurring in the visible ray range
while increasing the reflectance in the ultraviolet range.
[0099] FIGS. 6A, 6B and 6C are graphs illustrating a
reflectance of a multilayered thin film encapsulation layer
and an output light wavelength of an organic light emitting
element according to an exemplary embodiment.

[0100] FIG. 6A shows a reflectance (Rf) of an exemplary
embodiment of a three-layered thin film encapsulation layer,
an incidence light for each wavelength, an output wave-
length of an organic light emitting element. The triple-
layered thin film encapsulation layer is arranged in the order
of a high refractive index layer, a low refractive index layer
and a high refractive index layer. In such an embodiment, a
refractive index 1, of the high refractive index layer is about
2.3, and a refractive index n, of the low refractive index
layer is about 1.7.

[0101] Referring to FIG. 6A, a reflectance of the triple-
layered thin film encapsulation layer is about 40% at a
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wavelength of about 300 nm and has a highest reflectance at
awavelength range from about 300 nm to about 400 nm. The
reflectance Rf of the thin film encapsulation layer tends to
decrease as the wavelength range increases. The measure-
ment result shows that an energy of about 4.81 millijoule per
second and per square meter (mlJ/(sec-m?)) is transmitted at
about 415 nm, which corresponds to a wavelength range of
blue B light. When reflection of the thin film encapsulation
layer occurs in the visible ray wavelength range, the color
expression capability of the organic light emitting display
device 101 may be degraded in the presence of external
light.

[0102] FIG. 6B shows a reflectance (Rf) of an exemplary
embodiment of a penta-layered thin film encapsulation layer,
an incidence light for each wavelength, an output wave-
length of an organic light emitting element. The penta-
layered thin film encapsulation layer is arranged in the order
of a high refractive index layer, a low refractive index layer,
a high refractive index layer, a low refractive index layer and
a high refractive index layer. In such an embodiment, a
refractive index 1, of the high refractive index layer is about
2.3, and a refractive index n; of the low refractive index
layer is about 1.7.

[0103] Referring to FIG. 6B, a reflectance of the penta-
layered thin film encapsulation layer is about 60% at maxi-
mum at a wavelength of about 330 nm. The measurement
result shows that an energy of about 3.59 ml/(sec:m?) is
transmitted at about 415 nm, which corresponds to the
wavelength range of blue B light. The penta-layered thin
film encapsulation layer has a high reflectance in a range
from about 600 nm to about 700 nm. The light range from
about 600 nm to about 700 nm corresponds to the wave-
length range of red R light, and a screen of the organic light
emitting display device 101 appears reddish due to the
wavelength of the reflected light.

[0104] FIG. 6C shows a reflectance of an exemplary
embodiment of a hepta-layered thin film encapsulation layer,
an incidence light for each wavelength, an output wave-
length of an organic light emitting element. The hepta-
layered thin film encapsulation layer is arranged in the order
of a high refractive index layer, a low refractive index layer,
a high refractive index layer, a low refractive index layer, a
high refractive index layer, a low refractive index layer and
a high refractive index layer. In such an embodiment, a
refractive index n,; of the high refractive index layer is about
2.3, and a refractive index n, of the low refractive index
layer is about 1.7.

[0105] Referring to FIG. 6C, a reflectance of the hepta-
layered thin film encapsulation layer is about 75% at maxi-
mum at a wavelength of about 350 nm. The measurement
result shows that an energy of about 2.35 mJ/(sec-m?) is
transmitted at about 415 nm, which corresponds to the
wavelength range of blue B light. The hepta-layered thin
film encapsulation layer has a high reflectance in a range
from about 500 nm to about 600 nm. The light range from
about 500 nm to about 600 nm corresponds to the wave-
length range of green G light, and a screen of the organic
light emitting display device 101 appears greenish due to the
wavelength of the reflected light.

[0106] Referring to FIGS. 6A, 6B and 6C, an exemplary
embodiment of the thin film encapsulation layer may reflect
light of an undesired (e.g., harmful) wavelength in a range
from about 300 nm to about 400 nm to protect the organic
light emitting element 210.
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[0107] Referring to FIGS. 5 and 64, by setting the refrac-
tive index of the low refractive index layer at about 1.7 or
greater, a thin film encapsulation layer structure including
three layers of thin films may define a reflective layer against
ultraviolet light and near ultraviolet light. In an exemplary
embodiment, where a refractive index of a material of the
stacked thin films is about 1.7 or greater, ultraviolet light
may be efficiently reflected with only three layers of thin
films

[0108] The following table 1 shows examples of a material
having a refractive index of about 1.7 or greater, which may
be applied to the low refractive index layer of the multi-
layered thin film encapsulation layer according to an exem-
plary embodiment. The refractive index was measured at a
reference wavelength of about 550 nm. In addition to the
materials shown in Table 1, materials having a refractive
index of about 1.7 or greater may be used in the low
refractive index layer of exemplary embodiments. In one
exemplary embodiment, for example, SION may be used for
the low refractive index layer when the refractive index
thereof is about 1.7 or greater.

TABLE 1

Chemical Formula Refractive index (@550 nm)

Nd,05 179
Gd,y0, 1.8
Sm,0; 1.8
$¢,03 1.86
Y,0, 1.87
Si0 1.8-19
TiO, 1923
710, + Y20, 1.9
710, 1.97-2.05
$n0, 2021
[0109] The following Table 2 shows examples of a mate-

rial applicable to the high refractive index layer of the thin
film encapsulation layer according to an exemplary embodi-
ment. The refractive index is a result that was measured with
respect to a wavelength of about 550 nm. The high refractive
index layer of the triple-layered thin film encapsulation layer
according to an exemplary embodiment may include a
material having a refractive index of about 2.3 or greater.
[0110] However, in an exemplary embodiment, where five
or more thin films are used to form the thin film encapsu-
lation layer, the high refractive index layer may include a
material having a refractive index of about 2.05 or greater.
In addition to the materials shown in Table 2, a material
having a refractive index of about 2.3 or greater may be used
in the high refractive index layer of exemplary embodi-
ments. In one exemplary embodiment, for example, SiNx
may be used in high refractive index layers when the
refractive index thereof is about 2.3 or greater.

TABLE 2

Chemical Formula Refractive index (@550 nm)

710, + TiO, 2.05-2.15
Cr,0; 21
ZnO 21
Ta,05 2.16
TiO, + T,0, 22523
$b,0; 23
Zn$ 235
cuo 2.6
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TABLE 2-continued

Chemical Formula Refractive index (@550 nm)

Fe,0, 272
Si 34
[0111] FIG. 7 is a table showing a refractive index of a

multi-layered thin film structure according to an alternative
exemplary embodiment.

[0112] An infrared light component of an external incident
light introduced into the organic light emitting element 210
increases a temperature of the organic light emitting layer
212 to cause deterioration.

[0113] FIG. 7 shows conditions of a refractive index and
a thickness of the thin film encapsulation layer 230 which
may block infrared ray components. In an exemplary
embodiment, the thin film encapsulation layer 230 includes
triple-layered thin films of a high refractive index layer, a
low refractive index layer and a high refractive index layer.
In an exemplary embodiment, where the thin film encapsu-
lation layer 230 includes five thin films, the thin films are
stacked in the order of a high refractive index layer, a low
refractive index layer, a high refractive index layer, a low
refractive index layer, and a high refractive index layer.
[0114] A center wavelength A of a reflection range is set to
be about 780 nm which corresponds to an infrared wave-
length range, and a reflectance is set to about 40%.

[0115] Referring to FIG. 7, in an exemplary embodiment
of the thin film encapsulation layer 230 including three thin
films, the low refractive index layer includes a material
having a refractive index of about 1.7, a thickness of the thin
film of the low refractive index layer is about 115 nm, the
high refractive index layer includes a material having a
refractive index of about 2.3, and a thickness of the thin film
of the high refractive index layer is about 85 nm. The thin
film encapsulation layer 230 having a triple-layered thin film
structure has a reflectance (Rf) of about 38% and a reflection
wavelength range AA of about 150 nm.

[0116] In an exemplary embodiment where the thin film
encapsulation layer 230 includes five thin films, the low
refractive index layer includes a material having a refractive
index of about 1.7, a thickness of the thin film of the low
refractive index layer is about 115 nm, the high refractive
index layer includes a material having a refractive index of
about 2.1, and a thickness of the thin film of the high
refractive index layer is about 93 nm. In such an exemplary
embodiment, the thin film encapsulation layer 230 having a
penta-layered thin film structure has a reflectance (Rf) of
about 42% and a reflection wavelength range Ak of about
105 nm.

[0117] The refractive index of the material of the thin film
and the thickness of the thin film may be selected based on
the number of stacked layers, the central wavelength i, and
the reflection wavelength range AM in the thin film encap-
sulation layer 230.

[0118] FIGS. 8A and 8B are graphs illustrating a reflec-
tance of a thin film encapsulation layer according to an
alternative exemplary embodiment.

[0119] FIG. 8A shows a reflectance (Rf) of an exemplary
embodiment of a thin film encapsulation layer in which
triple-layered thin films are stacked, an incidence light for
each wavelength, and an output wavelength of the organic
light emitting element. In such an embodiment of the thin
film encapsulating layer, three thin film layers are arranged
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in the order of a high refractive index layer, a low refractive
index layer and a high refractive index layer. In such an
embodiment, a refractive index n, of the high refractive
index layer is about 2.3 and a refractive index n, of the low
refractive index layer is about 1.7.

[0120] In such an embodiment, as shown in FIG. 8A, the
reflectance of the thin film encapsulation layer is about 38%
at a wavelength of about 780 nm. The thin film encapsula-
tion layer may effectively prevent a temperature of the
organic light emitting layer from rising by reflecting an
incident light having an infrared wavelength of about 700
nm or greater.

[0121] FIG. 8B shows a reflectance (Rf) of an exemplary
embodiment of a thin film encapsulation layer in which five
thin film layers are stacked, an incidence light for each
wavelength, and an output wavelength of the organic light
emitting element. In such an embodiment of the thin film
encapsulating layer, five thin film layers are arranged in the
order of a high refractive index layer, a low refractive index
layer, a high refractive index layer, a low refractive index
layer and a high refractive index layer. In such an embodi-
ment, a refractive index n,, of the high refractive index layer
is about 2.1 and a refractive index n, of the low refractive
index layer is about 1.7.

[0122] In such an embodiment, as shown in FIG. 8B, the
reflectance of the thin film encapsulation layer is about 42%
at a wavelength of about 780 nm. The thin film encapsula-
tion layer may effectively prevent the organic light emitting
layer from rising in a temperature and being deteriorated by
reflecting an incident light having an infrared wavelength of
about 700 nm or greater

[0123] As set forth hereinabove, according to one or more
exemplary embodiments, the stability of the organic light
emitting display device may be improved by protecting an
organic light emitting element from ultraviolet rays and near
ultraviolet rays incident from the outside.

[0124] While the invention has been illustrated and
described with reference to the exemplary embodiments
thereof, it will be apparent to those of ordinary skill in the
art that various changes in form and detail may be made
thereto without departing from the spirit and scope of the
invention.

What is claimed is:

1. An organic light emitting display device comprising:

a substrate;

an organic light emitting element on the substrate;

a thin film encapsulation layer on the organic light emit-

ting element; and

wherein the thin film encapsulation layer comprises a first

thin film, a second thin film and a third thin film, which
are sequentially stacked therein,

a refractive index of the second thin film is about 1.7 or

greater, and

a refractive index of the first thin film and a refractive

index of the third thin film are greater than the refrac-
tive index of the second thin film by about 0.35 or
greater.

2. The organic light emitting display device of claim 1,
wherein the refractive index of the second thin film is about
2.3 or less.

3. The organic light emitting display device of claim 2,
wherein the second thin film comprises at least one of
Nd,O,, Gd,0;, Sm,0;, Sc,0;, Y,0;, SiO, TiO,, ZrO,+
Y,0;, ZrO, and SnO,.
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4. The organic light emitting display device of claim 3,
wherein each of the refractive index of the first thin film and
the refractive index of the third thin film is about 2.05 or
greater.

5. The organic light emitting display device of claim 4,
wherein each of the first thin film and the third thin film
comprises at least one of ZrQ,+TiO,, Cr,0;, Zn0, Ta O,
TiO,+T,0s, Sb,0;, ZnS, CuO, Fe,0;, and Si.

6. The organic light emitting display device of claim 4,
wherein each of the first thin film, the second thin film, and
the third thin film has a thickness of about 60 nm or less.

7. The organic light emitting display device of claim 4,
wherein a reflectance of the thin film encapsulation layer is
about 20% or greater at a wavelength of about 410 nm.

8. The organic light emitting display device of claim 7,
wherein a reflectance of the thin film encapsulation layer is
about 5% or less at a wavelength in a range from about 500
nm to about 600 nm.

9. The organic light emitting display device of claim 3,
further comprising:

a monomer layer between the thin film encapsulation

layer and the organic light emitting element.

10. The organic light emitting display device of claim 9,
wherein the monomer layer has a thickness of about 40000
angstroms or greater.

11. The organic light emitting display device of claim 10,
wherein the monomer layer comprises at least one of prop-
argyl methacrylate, glycidyl methacrylate, pentafluorophe-
nyl methacrylate, furfuryl methacrylate, hydroxyethyl meth-
acrylate, vinyl pyrrolidone, dimethylaminomethyl styrene,
cyclohexyl methacrylate, perfluorodecyl acrylate, trivinylt-
rimethyl cyclotrisiloxane, 4-aminostyrene, N-isopropy-
lacrylamine, maleic anhydride-alt-styrene, methacrylic acid-
co-ethyl  acrylate,  ethyleneglycol  dimethacrylate,
divinylbenzene, and di(ethylene glycol)diviny! ether.

12. The organic light emitting display device of claim 1,
wherein at least one of the first thin film and the third thin
film comprises SiON.

13. The organic light emitting display device of claim 12,
wherein the second thin film comprises SiNx.
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14. The organic light emitting display device of claim 13,
wherein each of the first thin film, the second thin film and
the third thin film has a thickness of about 60 nm or less.

15. An organic light emitting display device comprising:

a substrate;

an organic light emitting element on the substrate;

a thin film encapsulation layer on the organic light emit-
ting element; and

wherein the thin film encapsulation layer comprises a first
thin film, a second thin film and a third thin film, which
are sequentially stacked therein,

a refractive index of the second thin film is about 1.7 or
greater,

a refractive index of the first thin film and a refractive
index of the third thin film are greater than the refrac-
tive index of the second thin film, and

a reflectance of the thin film encapsulation layer is about
30% or greater at a wavelength of about 780 nm.

16. The organic light emitting display device of claim 15,
wherein the second thin film comprises at least one of
Nd,O,, Gd,0;, Sm,0;, Se,0;, Y,0;, SiO, TiO, ZrO, and
SnO,

17. The organic light emitting display device of claim 15,
wherein each of the refractive index of the first thin film and
the refractive index of the third thin film is about 2.3 or
greater.

18. The organic light emitting display device of claim 15,
wherein each of the first thin film and the third thin film
comprises at least one of ZrO,+Ti0O,, Cr,0;, Zn0, Ta0O;,
Ti0,+T,04, Sb,0;, ZnS, CuO, Fe,O;, and Si.

19. The organic light emitting display device of claim 17,
wherein at least one of the first thin film and the third thin
film comprises SiON and the second thin film comprises
SiNx.

20. The organic light emitting display device of claim 19,
wherein each of the first thin film, the second thin film and
the third thin film has a thickness of about 60 nm or less.
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