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FIG. 2
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FIG. 3
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FIG. 6
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FIG. 8
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ORGANIC LIGHT EMITTING DIODE AND
LIGHT EMITTING DIODE DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2016-0042916 filed in
the Korean Intellectual Property Office on Apr. 7, 2016 and
No. 10-2017-0043933 filed in the Korean Intellectual Prop-
erty Office on Apr. 4, 2017, the entire contents of which are
incorporated herein by reference.

BACKGROUND

[0002] (a) Field

[0003] The disclosure relates to an organic light emitting
diode and a light emitting diode display, and more specifi-
cally, relates to an organic light emitting diode that perceives
minimal damage from radiation of a light having a harmful
wavelength and a light emitting diode display.

[0004] (b) Description of the Related Art

[0005] Recently, display devices including an organic
light emitting diode has become increasingly popular. As
more people use display devices that incorporate organic
light emitting diode, the display devices becomes used in a
wider range of environments than before.

[0006] However, in the display device including the
organic light emitting diode, the organic emission layer is
easily damaged by elements in the environment. This results
in an undesirably short product life span. There is a need for
a display device that is usable in various environments and
offers excellent light efficiency without being so vulnerable
to environmental elements.

[0007] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the invention and therefore it may contain
information that does not form the prior art that is already
known in this country to a person of ordinary skill in the art.

SUMMARY

[0008] Exemplary embodiments provide an organic light
emitting diode and a light emitting diode display that are
prevented from being degraded by a light having a harmful
wavelength.

[0009] However, objects to be solved by the embodiments
of the present invention are not limited to the above-
mentioned problems and can be variously extended within
the scope of the technical idea included in the present
invention.

[0010] A light emitting diode according to an exemplary
embodiment of the present invention includes a first elec-
trode; a second electrode overlapping the first electrode; an
emission layer disposed between the first electrode and the
second electrode; and a capping layer disposed on the
second electrode, wherein the capping layer satisfies Equa-
tion 1 below.

1 *k(3=405 nm)=0.8

[0011] In Equation 1, n*k (A=405 nm) represents an
optical value that is a product of a refractive index and an
absorption coefficient in a 405 nanometer wavelength.

[0012] A light emitting diode display according to an
exemplary embodiment of the present invention includes: a
substrate; a transistor disposed on the substrate; a light

Equation 1
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emitting diode connected to the transistor; and an encapsu-
lation layer disposed on the light emitting diode, wherein the
light emitting diode includes a first electrode, a second
electrode overlapping the first electrode, an emission layer
disposed between the first electrode and the second elec-
trode, and a capping layer disposed on the second electrode,
and the capping layer satisfies Equation 1 below.

n*k(3=405 nm)=0.8 Equation 1
[0013] In Equation 1, n*k (A=405 nm) represents an
optical value that is a product of a refractive index and an
absorption coeflicient in a 405 nanometer wavelength.

[0014] An organic light emitting diode according to an
exemplary embodiment includes: a first electrode; a second
electrode overlapping the first electrode; an organic emis-
sion layer disposed between the first electrode and the
second electrode; and a capping layer disposed on the
second electrode, wherein the capping layer has an absorp-
tion rate 0f 0.25 or more in a 405 nanometer wavelength, and
the capping layer includes at least one among materials
represented by Chemical Formula A-1 to Chemical Formula
A-3 and Chemical Formula B-1.

Chemical Formula A-1
R1 R2
R3 R4
Chemical Formula A-2

3

Chemical Formula A-3

Q

OOO

R10

.
¢
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-continued
Chemical Formula B-1
RI11 R12
; N N 2
R13 R14

[0015] In Chemical Formula A-1 to Chemical Formula
A-3, R1 to R10 are independently one of hydrogen, an alkyl
group having 1 to 3 carbon atoms, a phenyl group, a
carbazole group, a dibenzothiophene group, a dibenzofuran
group, and a biphenyl group, and X is one of an oxygen
atom, a sulfur atom, and a nitrogen atom, while in Chemical
Formula B-1, R11 to R14 are independently one of hydro-
gen, an alkyl group having 1 to 3 carbon atoms, a phenyl
group, a carbazole group, a dibenzothiophene group, a
dibenzofuran group, and a biphenyl group.

[0016] According to exemplary embodiments, as the light
of the harmful wavelength region is blocked, the degrada-
tion of the organic emission layer may be prevented, and the
organic light emitting diode of which the blue emission
efficiency is not inhibited may be provided.

[0017] Also, the light emitting diode display having the
flexible substrate of which the lifespan increases may be
provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1is a view schematically showing a structure
of an organic light emitting diode according to an exemplary
embodiment of the described technology.

[0019] FIG. 2 is a view schematically showing a structure
of an organic light emitting diode according to another
exemplary embodiment of the described technology.
[0020] FIG. 3 is a graph showing an absorption rate, a
refractive index, transmittance, and a sunlight spectrum of a
capping layer material corresponding to Exemplary
Embodiment 1.

[0021] FIG. 4 is a graph showing an absorption rate, a
refractive index, transmittance, and a sunlight spectrum of a
capping layer material corresponding to Comparative
Example 1.

[0022] FIG. 5 is a cross-sectional view schematically
showing a light emitting diode according to an exemplary
embodiment of the described technology.

[0023] FIG. 6 is a graph showing a relation of an optical
value (a product of a refractive index and an absorption
coeflicient) and a transmittance according to exemplary
embodiment of the described technology.

[0024] FIG. 7 is a graph showing optical constants of a
capping layer according to a comparative example.

[0025] FIG. 8 is a graph showing a relation of an optical
value (a product of a refractive index and an absorption
coeflicient) and a blue emission efliciency decreasing value
according to an exemplary embodiment of the described
technology.
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[0026] FIG. 9 is a cross-sectional view of a light emitting
diode display according to an exemplary embodiment of the
described technology.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0027] The described technology will be described more
fully hereinafter with reference to the accompanying draw-
ings, in which exemplary embodiments are shown. As those
skilled in the art would realize, the described embodiments
may be modified in various different ways, all without
departing from the spirit or scope of the described technol-
ogy.

[0028] In order to clearly explain the described technol-
ogy, aspects or portions that are not directly related to the
described technology are omitted, and the same reference
numerals are attached to the same or similar constituent
elements throughout the entire specification.

[0029] In addition, the size and thickness of each configu-
ration shown in the drawings are arbitrarily shown for better
understanding and ease of description, and the described
technology is not limited thereto. In the drawings, the
thickness of layers, films, panels, regions, eftc., are exagger-
ated for clarity. In the drawings, for better understanding and
ease of description, the thicknesses of some layers and areas
may be exaggerated.

[0030] It will be understood that when an element such as
a layer, film, region, or substrate is referred to as being “on”
another element, it can be directly on the other element or
intervening elements may be present. In contrast, when an
element is referred to as being “directly on” another element,
there are no intervening elements present. Further, in the
specification, the word “on” or “above” means disposed on
or below the object portion, and does not necessarily mean
disposed on the upper side of the object portion based on a
gravitational direction.

[0031] In addition, unless explicitly described to the con-
trary, the word “comprise” and variations such as “com-
prises” or “comprising” will be understood to imply the
inclusion of stated elements but not the exclusion of any
other elements.

[0032] Further, in the specification, the phrase “on a
plane” means viewing the object portion from the top, and
the phrase “on a cross-section” means viewing a portion of
the object that is vertically cut from the side.

[0033] FIG. 1is a view schematically showing a structure
of an organic light emitting diode according to the present
exemplary embodiment. As shown in FIG. 1, an organic
light emitting diode according to the present exemplary
embodiment includes a first electrode 110, a second elec-
trode 120, an organic emission layer 130, and a capping
layer 140.

[0034] The first electrode 110 is formed on the substrate
and may serve an anode function to emit electrons into the
organic emission layer 130. However, it is not limited
thereto, and when the second electrode 120 functions as the
anode, the first electrode 110 may be a cathode.

[0035] The organic light emitting diode according to the
present exemplary embodiment may be a top emission
organic light emitting diode. Accordingly, the first electrode
110 may serve as a reflection layer not emitting light emitted
from the organic emission layer 130 to a rear surface. Here,
the reflection layer means a layer having a characteristic of
reflecting the light emitted from the organic emission layer
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130 so as to be emitted through the second electrode 120 to
the outside. The reflection characteristic may mean that
reflectivity of incident light is about 70% or more to about
100% or less, or about 80% or more to about 100% or less.

[0036] The first electrode 110 according to the present
exemplary embodiment may include silver (Ag), aluminum
(Al), chromium (Cr), molybdenum (Mo), tungsten (W),
titanium (Ti), gold (Au), palladium (Pd), or alloys thereof to
be used as the reflection layer while having the anode
function, and may be a triple layer structure of silver
(Ag)/indium tin oxide (ITO)/silver (Ag) or indium tin oxide
(ITO)/silver (Ag)/indium tin oxide (ITO).

[0037] The second electrode 120 is disposed to overlap the
first electrode 110 via the organic emission layer 130 inter-
posed therebetween with the first electrode 110, as described
later. The second electrode 120 according to the present
exemplary embodiment may function as the cathode. How-
ever, it is not limited thereto, and when the first electrode 110
functions as the cathode, the second electrode 120 may be
the anode.

[0038] The second electrode 120 according to the present
exemplary embodiment may be a transflective electrode for
the light emitted from the organic emission layer 130 to be
emitted to the outside. Here, the transflective electrode
means an electrode having a transflective characteristic
transmitting part of the light incident to the second electrode
120 and reflecting a remaining part of the light to the first
electrode 110. Here, the transflective characteristic may
mean that the reflectivity for the incident light is about 0.1%
or more to about 70% or less, or about 30% or more to about
50% or less.

[0039] The second electrode 120 according to the present
exemplary embodiment may include an oxide such as ITO
or 170, or silver (Ag), magnesium (Mg), aluminum (Al),
chromium (Cr), molybdenum (Mo), tungsten (W), titanium
(Ti), gold (Au), palladium (Pd), or alloys to have the
transflective characteristic and simultaneously to have elec-
trical conductivity.

[0040] In this case, the second electrode 120 of the present
exemplary embodiment to smoothly emit the light emitted
from the organic emission layer 130 to the outside, particu-
larly, to smoothly emit the light of a blue color range, may
have light transmittance of about 20% or more for light of
a 430 nm to 500 nm wavelength. This is a minimum light
transmittance to realize a color through the organic light
emitting diode according to the present exemplary embodi-
ment, and closer to 100% is preferred.

[0041] In the organic emission layer 130, holes and elec-
trons respectively transmitted from the first electrode 110
and the second electrode 120 meet, thereby forming an
exciton to emit light. In FIG. 1, the organic emission layer
130 includes a blue emission layer 130B, and may further
include a red emission layer 130R and a green emission
layer 130G, or may have a single layer structure in which the
blue emission layer 130B, the red emission layer 130R, and
the green emission layer 130G are respectively disposed in
the same layer on the first electrode 110.

[0042] Blue, red, and green are three primary colors to
realize the color, and combinations thereof may realize
various colors. The blue emission layer 130B, the red
emission layer 130R, and the green emission layer 130G
respectively form a blue pixel, a red pixel, and a green pixel.
The blue emission layer 130B, the red emission layer 130R,
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and the green emission layer 130G may be disposed on an
upper surface of the first electrode 110.

[0043] A hole transmission layer 160 may be further
included between the first electrode 110 and the organic
emission layer 130. The hole transmission layer 160 may
include at least one of a hole injection layer and a hole
transport layer. The hole injection layer facilitates the injec-
tion of the hole from the first electrode 110, and the hole
transport layer transports the hole from the hole injection
layer. The hole transmission layer 160 may be formed of a
dual layer in which the hole transport layer is formed on the
hole injection layer, and may be formed of the single layer
in which the material forming the hole injection layer and
the material forming the hole transport layer are mixed.
[0044] An electron transmission layer 170 may be further
included between the second electrode 120 and the organic
emission layer 130. The electron transmission layer 170 may
include at least one of an electron injection layer and an
electron transport layer. The electron injection layer facili-
tates the injection of the electron from the second electrode
120, and the electron transport layer transports the electron
transmitted from the electron injection layer. The electron
transmission layer 170 may be formed of a dual layer in
which the electron transport layer is formed on the electron
injection layer, and may be formed of the single layer in
which the material forming the electron injection layer and
the material forming the electron transport layer are mixed.
[0045] However, the inventive concept is not limited
thereto, and the organic light emitting diode according to the
exemplary variation may include the organic emission layer
130 having the multi-layered structure. This will be further
described with reference to FIG. 2.

[0046] FIG. 2 schematically shows the organic light emit-
ting diode including the organic emission layer 130 having
the multi-layered structure according to another exemplary
embodiment of the described technology.

[0047] In the exemplary embodiment shown in FIG. 2,
configurations except for the organic emission layer 130 are
similar to the configurations of the organic light emitting
diode according to the exemplary embodiment described
with reference to FIG. 1. Accordingly, the first electrode 110
and the second electrode 120 are disposed to be overlapped,
the organic emission layer 130 is between the first electrode
110 and the second electrode 120, the electron transmission
layer 170 is disposed between the organic emission layer
130 and the second electrode 120, and the capping layer 140
1s on the second electrode 120.

[0048] In this case, the organic emission layer 130 accord-
ing to the present exemplary embodiment is formed by
depositing a plurality of layers 130a, 1305, and 130c. The
layers 130a, 1304, and 130¢ of the organic emission layer
130 respectively represent the different colors, thereby emit-
ting white-colored light by combination.

[0049] As shown in FIG. 2, the organic emission layer 130
according to the present exemplary embodiment may have
the three-layered structure in which three layers 130a, 1305,
and 130c¢ are deposited; however, the inventive concept is
not limited thereto, and the organic emission layer 130 may
have a structure made of two layers.

[0050] As one example, the organic emission layer 130 of
the three-layered structure may include a blue emission layer
130a, a yellow emission layer 1305, and a blue emission
layer 130c. However, this is not a limitation of the disclosed
concept thereto, and any emission layer capable of emitting
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white light by the color combination may be included in an
exemplary embodiment range of the described technology.
[0051] Also, although not shown in the drawing, in the
case of the organic emission layer of a two-layered structure,
each layer may include the blue emission layer and the
yellow emission layer.

[0052] In addition, although not shown in the drawing, a
charge generation layer may be between adjacent layers
among the plurality of layers 1304, 1305, and 130c of FIG.
2

[0053] In the display device using the organic light emit-
ting diode according to the present exemplary embodiment,
to convert the emitted white light into the other colors, a
color filter layer disposed on the second electrode 120 may
be further included.

[0054] For example, the color filter layer may convert the
white light passing through the second electrode 120 into
blue, red, or green, and for this, a plurality of sub-color filter
layers respectively corresponding to a plurality of sub-pixels
of the organic light emitting diode may be included. The
color filter layer converts the color of the light emitted from
the second electrode 120 such that various position designs
may be possible if the color filter layer is only disposed on
the second electrode 120.

[0055] To protect the display device from external mois-
ture or oxygen, the color filter layer may be disposed on or
under an encapsulation layer, and various arrangement struc-
tures of the color filter layers are possible, such that the
embodiment range of the present exemplary embodiment
may be applied to these arrangement structures.

[0056] The organic light emitting diode according to the
exemplary embodiment shown in FIG. 2 is the same as the
exemplary embodiment shown in FIG. 1 except for the
emission of white light by including the organic emission
layer 130 made of the plurality of layers 130a, 1305, and
130c¢ stacked on top of one another. Therefore, the following
is described with reference to the organic light emitting
diode shown in FIG. 1. The following description for the
organic light emitting diode may be equally applied to the
exemplary embodiment shown in FIG. 2.

[0057] The blue emission material included in the blue
emission layer 130B according to the present exemplary
embodiment has a range of a peak wavelength of about 430
nm to 500 nm in a photoluminescence (PL) spectrum.
[0058] As shown in FIG. 1, an auxiliary layer BIL to
increase efficiency of the blue emission layer 130B may be
under the blue emission layer 130B. The auxiliary layer BIL
may have the function of increasing the efficiency of the blue
emission layer 130B by controlling a hole charge balance.
[0059] Similarly, as shown in FIG. 1, a red resonance
auxiliary layer 130R' and a green resonance auxiliary layer
130G" may be respectively under the red emission layer
130R and the green emission layer 130G. The red resonance
auxiliary layer 130R' and the green resonance auxiliary layer
130G" are added in order to match a resonance distance for
each color. Alternatively, the separate resonance auxiliary
layer may not be formed under the blue emission layer 130B
and the auxiliary layer BIL.

[0060] A pixel definition layer 150 may be on the first
electrode 110. The pixel definition layer 150, as shown in
FIG. 1, is respectively between the blue emission layer
130B, the red emission layer 130R, and the green emission
layer 130G, thereby dividing the emission layers for each
color.
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[0061] The capping layer 140 is formed on the second
electrode 120 to control a length of a light path of the
element, thereby adjusting an optical interference distance.
In this case, the capping layer 140 according to the present
exemplary embodiment, differently from the auxiliary layer
BIL, the red resonance auxiliary layer 130R', and the green
resonance auxiliary layer 130G', as shown in FIG. 1, may be
commonly provided in each of the blue pixel, the red pixel,
and the green pixel.

The organic emission layer 130 according to the present
exemplary embodiment, particularly, in reaction to being
exposed to light such as sunlight, is damaged by the wave-
length near 405 nm such that the performance of the organic
light emitting diode may be deteriorated. Accordingly, 405
nm is the wavelength of light that causes an organic light
emitting diode to deteriorate, and will herein be referred to
as “harmful wavelength.” The capping layer 140 according
to the present exemplary embodiment is formed by includ-
ing a material that blocks the light near the 405 nm that is
the harmful wavelength region among the light incident to
the organic emission layer 130 to prevent the degradation of
the organic emission layer 130 included in the organic light
emitting diode.

[0062] To block the light in the 405 nm region as the
harmful wavelength region, the capping layer 140 according
to the present exemplary embodiment may have k; of 0.25
or more as an absorption rate at 405 nm. When k, is less than
0.25, the capping layer 140 according to the present exem-
plary embodiment does not effectively block the light of a
405 nm wavelength of the harmful wavelength region such
that it is difficult to obtain the effect of preventing the
degradation of the organic emission layer 130.

[0063] According to the present exemplary embodiment,
absorption rates k, and k, and a refractive index described
below are values that are measured by using FILMETRICS
F10-RT-UV equipment after forming the capping layer 140
according to the present exemplary embodiment by depos-
iting the organic material on a silicon substrate as a thin film
having a thickness of 70 nm.

[0064] Ask, increases, more of the light in a 405 nm of the
harmful wavelength region is blocked. As one example of
the present exemplary embodiment, the material forming the
capping layer 140 may be selected such thatk, is 0.8 or less,
and preferably, the material forming the capping layer 140
may be selected in a range such that k, is 1.0 or less.
However, this is only one example, and the selection range
of the material forming the capping layer 140 may be
determined by considering various factors such as the thick-
ness of the capping layer 140 and a usage environment.

[0065] On the other hand, the organic emission layer 130
according to the present exemplary embodiment has high
transmittance for light of a 430 nm wavelength as the blue
light while blocking the light of a 405 nm wavelength as
being in the harmful wavelength region. Hence, the dam-
aging wavelength is blocked without compromising the
efficiency of the blue series light. For this, the capping layer
140 according to the present exemplary embodiment may
have an absorption rate k, of less than 0.25 for the light of
the 430 nm wavelength as the wavelength of the blue series
light.

[0066] When k, is larger than 0.25, the ratio of the blue
light that is absorbed by the capping layer 140 is increased
such that it may be difficult to achieve the various colors



US 2017/0294628 Al

through the organic light emitting diode according to the
present exemplary embodiment.

[0067] As k, gets closer to 0, the ratio of the blue light
absorbed by the capping layer 140 is decreased such that the
efficiency of the blue light may be increased.

In this case, the capping layer 140 according to the present
exemplary embodiment may include a material having the
high refractive index for the blue series light. This way, the
emission efficiency in the blue region is not compromised.
In detail, the capping layer 140 according to the present
exemplary embodiment may have the refractive index of 2.0
or more in the wavelength range of 430 nm to 470 nm. If the
refractive index of the capping layer 140 is increased, a
resonance effect may be further generated by the refraction
such that the emission efficiency may be increased.

[0068] To smoothly generate the resonance effect, the
capping layer 140 according to the present exemplary
embodiment may have a 200 nm or less (0 is not included)
thickness. As one example, the capping layer 140 having a
thickness of 60 nm to 80 nm may be formed, but this
inventive concept is not limited thereto.

[0069] The capping layer 140 according to the present
exemplary embodiment may include a material satisfying
Equation A below. k,-k,>0.10

[0070] [Equation A]

[0071] In Equation A, k, is the absorption rate of the light
having the wavelength of 405 nm, and k, is the absorption
rate of the light having the wavelength of 430 nm.

[0072] In Equation A above, it is preferable that a differ-
ence between k, and k, is large. Accordingly, in Equation A,
a difference between k, and k, may be larger than 0.1, which
is a lower limit for the difference between the absorption rate
k, for the light of a 405 nm wavelength as the harmful
wavelength region and the absorption rate k, for the light of
a 430 nm wavelength as the wavelength region of the blue
series light.

[0073] In the case that the difference between k; and k, is
smaller than 0.1, the light of the harmful wavelength region
may still be blocked, but the emission efficiency of the blue
light will likely decrease. Alternatively, the emission effi-
ciency of the blue light may be maintained but the light of
the harmful wavelength region may not be blocked effec-
tively such that it is impossible to prevent the degradation of
the organic emission layer 130.

Chemical Formula 1

&

o

N* N¥-bis(4-(9H-carbazol-9-yl)phenyl)-N* N*-diphenyl-[1,1'-
biphenyl]-4,4'-diamine
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[0074] Accordingly, to attain a desired level of emission
efficiency of the blue light while effectively blocking the
light in the harmful wavelength region, it is preferable that
the difference between the absorption rate k, for the light of
a 405 nm wavelength of the harmful wavelength region and
the absorption rate k, for the light of a 430 nm wavelength
of the wavelength region of the blue light is larger than 0.1.
As the difference k, -k, increases, the absorption rate of the
light of the blue region decreases while a large percentage of
the light of the harmful wavelength region gets absorbed,
such that the overall efficiency may increase. It is further
preferable that the difference between the absorption rate k;
for the light of the 405 nm wavelength of the harmful
wavelength region and the absorption rate k, for the light of
the 430 nm wavelength of the wavelength region of the blue
light is larger than 0.3, and more preferably, when the
difference between the absorption rate k, for the light of the
405 nm wavelength of the harmful wavelength region and
the absorption rate k, for the light of the 430 nm wavelength
of the wavelength region of the blue light is larger than 0.5.
The larger the difference between k; and k,, the higher the
light transmission of the blue region may be while more of
the light of the harmful wavelength region is absorbed.
[0075] Therefore, it may be confirmed that larger than 0.1
for the difference between the absorption rate k; for the light
of the 405 nm wavelength of the harmful wavelength region
and the absorption rate k, for the light of the 430 nm
wavelength of the wavelength region of the blue light is a
threshold value of the lowest value capable of maintaining
the efficiency transmission of the blue region light while
absorbing the light of the harmful wavelength region.
[0076] The capping layer 140 according to the present
exemplary embodiment as an organic material including a
carbon atom and a hydrogen atom may include at least one
selected from a group including an aromatic hydrocarbon
compound including a substituent having at least one
selected from a group including an oxygen atom, a sulfur
atom, a nitrogen atom, a fluorine atom, a silicon atom, a
chlorine atom, a bromine atom, and an iodine atom, an
aromatic heterocyclic compound, and an amine compound.
[0077] A detailed example of a compound that may be
used as the capping layer 140 according to the present
exemplary embodiment may be a material according to
Chemical Formula 1 to Chemical Formula 7 below.

Chemical Formula 2

%ﬁ
g P

N*N*¥-di([1,1'-biphenyl]-4-yl)-N* N*-
bis(dibenzo[b,d]furan-2-yl)-[1,1’-biphenyl]-4,4"-diamine
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-continued

N4 NY- ([1,1'-biphenyl]-4,4'-diyl)bis(N*, N¥N*- -triphenyl-[1,1"-
biphenyl]-4,4'-diamine)

Chemical Formula 3

O

Qz

Chemical Formula 4 Chemical Formula 5

&

>
O
O

.

N* N*-di([1,1'-biphenyl]-4-yl)-N* N*-diphenyl-[1,1':4",1""-
N4 N¥-di([1,1'-biphenyl]-4-y1)-N* N*_bis(4'- terphenyl]-4,4"-diamine
methyl-[1,1'-biphenyl]-4-y1)-[1,1’-biphenyl]-4,4'-

diamine

OO

“fg‘
g
Joadiae

Chemical Formula 6 Chemical Formula 7

e
e

(
g
~

N* N¥-bis(dibenzo[b,d]thiophen-2-y1)-N* N*-bis(4'-methyl-
[1,1"-biphenyl]-4-y1)-[1,1"-biphenyl]-4,4'-diamine

)
o 2
9,

%
@
e

s ge
O
ol

N,N'-((9H-fluorene-9,9-diyl)bis(3,1-
phenylene))bis(N-([1,1'-biphenyl]-4-y1)-[1,1'-
biphenyl]-4-amine)
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[0078] Hereinafter, to confirm the effect of the organic
light emitting diode according to the present exemplary
embodiment, among Chemical Formula 1 to Chemical For-
mula 7, Chemical Formula 1 to Chemical Formula 6 are
selected as Exemplary Embodiment 1 to Exemplary
Embodiment 6, and the materials such as Chemical Formula
8 and Chemical Formula 9 are selected as Comparative
Example 1 and Comparative Example 2 to measure the
absorption rate, the refractive index, and the blocking rate,
and to confirm the blocking effect.

Chemical Formula 8

> 9

N N

O

N* N*-diphenyl-N* N*¥-bis(9-phenyl-9H-carbazol-3-yl)-[1,1-
biphenyl]-4,4'-diamine

Chemical Formula 9

N*N¥-di(naphthalen-1-yl]-N* N*-
diphenyl-[1,1’-biphenyl]-4,4'-diamine

[0079] FIG. 3 is a graph showing an absorption rate, a
refractive index, transmittance, and a sunlight spectrum of a
capping layer material corresponding to Exemplary
Embodiment 1, and FIG. 4 is a graph showing an absorption
rate, a refractive index, transmittance, and a sunlight spec-
trum of a capping layer material corresponding to Compara-
tive Example 1, while the absorption rate, the refractive
index, and the blocking rate for each material corresponding
to Exemplary Embodiment 1 to Exemplary Embodiment 6,
and Comparative Example 1 and Comparative Example 2,
are measured and the calculated results are summarized in
Table 1. “Blocking rate” means that “(incident light-trans-
mitted light)/incident lightx100%.”

TABLE 1

k, 405 Blocking Blocking
nm-k, rate effect
405 nm 405 nm

k, k, n
Experiment 405 nm 430 nm 450 nm 430 nm

Exemplary 0.539  0.134 2248 0.403
Embodiment
1

83.80% 1.66

Oct. 12,2017

TABLE 1-continued

k, 405 Blocking Blocking
k; k, it nm-k, rate effect
Experiment 405 nm 430 nm 450 nm 430 nm 405 nm 405 nm

Exemplary 0.511 0.089  2.177  0.422
Embodiment

"

82.49% 1.64

<
Exemplary 0459  0.067 2254  0.392
Embodiment

3
Exemplary 0.730 0216  2.269  0.514
Embodiment

4
Exemplary 0.754  0.228 2299  0.526
Embodiment

5
Exemplary 0.673  0.227 2310  0.446
Embodiment

6
Comparative 0.0800  0.00 1.920  0.080

79.00% 1.57

91.52% 1.82

90.50% 1.80

87.50% 1.74

50.29% 1.00

Example 1

Comparative 0.248 000 2269  0.248 6638% 128
Example 2

[0080] As described in Table 1, the material for the cap-

ping layer 140 according to Comparative Example 1 and
Comparative Example 2 has an absorption rate k, of less
than 0.25 in a 405 nm wavelength. Comparative Example 1
having k, of O satisfies the condition of the present exem-
plary embodiment. However, the refractive index n in a 450
nm wavelength is less than 2 and the difference between k,
and k, according to Equation A is smaller than 0.1 in
Comparative Example 1. In Comparative Example 1, the
conditions of the capping layer 140 according to the present
exemplary embodiment except for k, are not all satisfied. In
Comparative Example 2, k, is 0 and the difference between
k, and k, according to Equation A is larger than 0.1, however
the material k, has a absorption rate k, of 0.248, which is
smaller than 0.25.

[0081] In this case, based on the blocking rate that Com-
parative Example 1 blocks the light of the 405 nm wave-
length of the harmful wavelength region, the blocking rates
of Exemplary Embodiment 1 to Exemplary Embodiment 6
and Comparative Example 2 are relatively calculated and are
described as the blocking effect.

[0082] Even if the other conditions are all satisfied like
Comparative Example 2 and the k, 1s only less than 0.25, 1t
may be confirmed that the blocking effect of blocking the
405 nm wavelength of the harmful wavelength region is
increased by 20% or more compared with Comparative
Example 1.

[0083] However, as shown in Table 1, in the case of
Exemplary Embodiment 1 to Exemplary Embodiment 6, it
may be confirmed the effect of blocking the light of the 405
nm wavelength of the harmful wavelength region is exerted
with a ratio of over 50% at a minimum compared with
Comparative Example 1.

[0084] Also, when comparing Comparative Example 1
with Exemplary Embodiment 1 to Exemplary Embodiment
6, with reference to Exemplary Embodiment 3 in which the
blocking effect is measured to be lowest is increased by 57%
compared with Comparative Example 1, it may be con-
firmed that Exemplary Embodiment 3 has an increased
blocking effect by more than half with respect to Compara-
tive Example 1.

[0085] Next, while exposing the organic light emitting
diode including the capping layer 140 according to Exem-
plary Embodiment 1 to Exemplary Embodiment 6, and
Comparative Example 1 and Comparative Example 2, to the
light source including a 405 nm wavelength of the harmful
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wavelength region for a predetermined time, a result of
comparing the degree of degradation of the organic emission
layer 130 included in the organic light emitting diode is
described in Table 2. The light source used according to the
present exemplary embodiment is an artificial sunlight
source emitting artificial light that is similar to the sunlight
spectrum.

TABLE 2
Color
temperature
Color temperature (1 cycle: 8 h change
light source exposure time] amount
Experiment 0 cycle (0 h) 4 cycle 32 h (AK)
Exemplary 7207K 7257K 50
Embodiment 1
Exemplary 7312K 7373K 61
Embodiment 2
Exemplary 7189K 7270K 81
Embodiment 3
Exemplary 7283K 7293K 10
Embodiment 4
Exemplary 7190K 7202K 12
Embodiment 5
Exemplary 7260K 7283K 23
Embodiment 6
Comparative 7136K 7703K 567
Example 1
Comparative 7334K 7746K 412
Example 2
[0086] Each sample is manufactured to have a color

temperature of 7200 K, as measured in a 0 cycle exposure
time. Next, if each sample is exposed to the light source
including a 405 nm wavelength of the harmful wavelength
region for a predetermined time, the organic emission layer
130 included in each sample is damaged by the harmful
wavelength such the color temperature is changed. Accord-
ingly, it may be considered that the degradation of the
organic emission layer 130 is largely generated when the
color temperature change amount is large.

[0087] As shown in Table 2, in the case of Comparative
Example 1 and Comparative Example 2, a temperature
change is more than 400 K. When the color temperature
change amount is 400 K or more, the white color change
may be detected by the user or by the naked eye such that
the sample is considered to be a defective panel. In contrast,
in the case of Exemplary Embodiment 1 to Exemplary
Embodiment 6, the change in color temperature is small, in
the range of 10 K to 80 K. which is very different from 400
K at which the color temperature change amount can be
detected by the naked eye.

[0088] Accordingly, compared with Comparative
Example 1 and Comparative Example 2, the light of the 405
nm wavelength as the harmful wavelength region is blocked
by the capping layer 140 included in Exemplary Embodi-
ment 1 to Exemplary Embodiment 6. The presence of the
capping layer 140 decreases the degradation of the organic
emission layer 130.

[0089] In the above, the organic light emitting diode
according to the present exemplary embodiment has been
described. According to the described technology, the deg-
radation of the organic emission layer 130 may be prevented
by blocking the light of the harmful wavelength region, and
the organic light emitting diode in which the blue emission
efficiency is not deteriorated may be provided.

[0090] FIG. 5 is a cross-sectional view schematically
showing a light emitting diode according to an exemplary
embodiment of the described technology.
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[0091] The exemplary embodiment to be described in
FIG. 5 is almost the same as the exemplary embodiment
described in FIG. 1. The differences will be explained first.
Referring to FIG. 5, the light emitting diodes respectively
corresponding to the red pixel, the green pixel, and the blue
pixel are disposed on the substrate 23. The plurality of first
electrodes 220 are disposed on the substrate 23 at the
positions corresponding to each pixel, and the pixel defini-
tion layer 25 is formed between the adjacent first electrodes
220 among the plurality of first electrodes 220. The hole
transmission layer 230 is formed on the first electrode 220
and the pixel definition layer 25. The red emission layer
250R, the green emission layer 250G, and the blue emission
layer 250B may be formed of the organic emission layer or
the inorganic material such as the quantum dot. In FIG. 5, it
is shown that the red emission layer 250R, the green
emission layer 250G, the blue emission layer 250B, the red
resonance auxiliary layer 250R’, the green resonance auxil-
iary layer 250G', and the auxiliary layer BIL are only
disposed in the opening of the pixel definition layer 25,
however at least part of each of the constituent elements may
be formed on the pixel definition layer 25.

[0092] The electron transmission layer 170 described in
the exemplary embodiment of FIG. 1 is embodied in the
electron transport layer 260 and the electron injection layer
280 in the present exemplary embodiment. The electron
transport layer 260 is disposed to be adjacent to the emission
layer 250, and the electron injection layer 280 is disposed to
be adjacent to the second electrode 290.

[0093] The electron transport layer 260 may include the
organic material. For example, the electron transport layer
260 may be made of at least one selected from a group
including Alg3 (tris(8-hydroxyquinolino)aluminum), PBD
(2[4-biphenyl-5-[4-tert-butylphenyl]]-1,3,4-oxadiazole),
TAZ (1,2,4-triazole), spiro-PBD (spiro-2[4-biphenyl-5-[4-
tert-butylphenyl]]-1,3,4-oxadiazole), and BAlq(8-hydroxy-
quinoline beryllium salt), however it is not limited thereto.
[0094] The electron injection layer 280 may include lan-
thanum group elements. As the lanthanum group elements,
ytterbium (Yb) having a work function of 2.6 eV, samarium
(Sm) having the work function of 2.7 eV, or europium (Eu)
having the work function of 2.5 eV may be used.

[0095] The contents described in the exemplary embodi-
ment of F1G. 1 as well as the above-described contents may
all be applied to the present exemplary embodiment. Also,
the contents described in the exemplary embodiment of FIG.
2 may all be applied to the present exemplary embodiment.
[0096] However, the present exemplary embodiment cor-
responds to an exemplary embodiment describing the con-
dition of the capping layer 295 required to prevent the
emission layer 250 from being degraded in another aspect.
To block the light of the 405 nanometer wavelength included
in the harmful wavelength region, the capping layer 295
according to the present exemplary embodiment may satisfy
Equation 1 below. The harmful wavelength region may be
about 380 nanometers to 420 nanometers.

n*k(3=405 nm)=0.8

[0097] In Equation 1, n*k (A=405 nm) represents the
optical value that is a product of the refractive index in the
405 nanometer wavelength and the absorption coeflicient. In
the present disclosure, the absorption coeflicient indicating
the value k and the absorption rate are used with the same
meaning.

[0098] With regard to the number range represented in

Equation 1, the mean for the number range will be described
with reference to FIG. 6 and FIG. 7.

[0099] FIG. 6 is a graph showing a relation of an optical
value (a product of a refractive index and an absorption

Equation 1
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coefficient) and a transmittance according to an exemplary
embodiment of the described technology. FIG. 7 is a graph
showing optical constants of a capping layer according to a
comparative example.

[0100] Referring to FIG. 6, various materials having the
different optical values (the product of the refractive index
and the absorption coeflicient) are exposed to a light source
including the 405 nanometer wavelength to measure the
transmittance, and a graph substantially satisfying a qua-
dratic function shown in FIG. 6 may be obtained from the
measured transmittance results.

[0101] Referring to FIG. 7, in a case of forming the
capping layer 295 of FIG. 5 by using a compound repre-
sented by Chemical Formula 8 as a comparative example,
the absorption coefficient k, the refractive index n, and the
optical value (the product of the refractive index and the
absorption coeflicient) for the capping layer 295 depending
on the wavelength of the light are shown. In the 405
nanometer wavelength included in the harmful wavelength
region, the capping layer 295 according to the comparative
example represents about 0.5 of the optical value (the
product of the refractive index and the absorption coeffi-
cient). Again referring to FIG. 6, if the light emitting diode
is formed by using the capping layer 295 according to the
comparative example having about 0.5 of the optical value
(the product of the refractive index and the absorption
coeflicient), transmittance of about 43% may be obtained.

Chemical Formula 8

OQ

N* N¥-diphenyl-N* N*-bis(9-phenyl-9H-carbazol- 3-yl)-
[1,1'-biphenyl]-4.4'-diamine

[0102] In contrast, to lower the transmittance of the light
of the 405 nanometer wavelength to about 30% or less, it is
preferable that the capping layer 295 according to the
present exemplary embodiment has the optical value (the
product of the refractive index and the absorption coeffi-
cient) of 0.8 or more. As the light transmittance of the 405
nanometer wavelength is lowered, the degradation degree of
the emission layer may be lowered. When considering the
correlation of the transmittance and the degradation degree
of the emission layer, compared with the comparative
example having the transmittance of about 43%, if the
optical value of 0.8 or more may be obtained like the present
exemplary embodiment having the transmittance of about
30%, it is possible to have the lifespan extension effect of
about 1.43 times or more. The value X of 1.43 times is
calculated through an inversely proportional relationship of
1:X=30:43 when the lifespan of the comparative example is
1.

[0103] To minimize the efficiency reduction for the blue
light of the 460 nanometer wavelength while preventing the
light of the 405 nanometer wavelength included in the
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harmful wavelength region, the capping layer 295 according
to the present exemplary embodiment may satisfy Equation
2 below.

n*k(A=460 nm)=0.035

[0104] Related in the value range represented in Equation
2, the meaning of the value range will be described with
reference to FIG. 8.

[0105] FIG. 8 is a graph showing a relation of an optical
value (a product of a refractive index and an absorption
coeflicient) and a blue emission efliciency decreasing value
according to an exemplary embodiment of the described
technology. Referring to FIG. 8, as a comparative example,
the capping layer 295 of FIG. 5 is formed of the compound
represented by Chemical Formula 8. In this case, based on
the light absorption rate of the 460 nanometer wavelength,
a decreasing value of the light absorption rate in the 460
nanometer wavelength is measured for the various materials
having the different optical values (the product of the
refractive index and the absorption coefficient). By inter-
preting the measured light absorption rate decreasing value
as the blue emission efficiency decreasing value, the graph
substantially satisfying the straight line shown in FIG. 8 may
be obtained.

[0106] Referring to FIG. 8, for the blue emission effi-
ciency decreasing value to be about 5% or less compared
with the comparative example, it is preferable that the
capping layer according to the present exemplary embodi-
ment has the optical value (the product of the refractive
index and the absorption coeflicient) of about 0.035 or less.

[0107] The capping layer according to the present exem-
plary embodiment may satisfy Equation 3 below.

n*k(7=380 nm)=2

[0108] In Equation 3, n*k (A=380 nm) represents the
optical value of the product of the refractive index and the
absorption coefficient in the 380 nanometer wavelength.
[0109] By using the capping layer having the optical value
of 2 or more in the 380 nanometer wavelength, the efficiency
and the lifespan may be improved by blocking ultraviolet
rays.

[0110] The capping layer satisfying the above-described
Equation 1 and Equation 2 includes the first material,
wherein the first material essentially includes a carbon atom
and a hydrogen atom, and may include at least one selected
from a group including an aromatic hydrocarbon compound
containing a substituent having one or more selected from
the group consisting of an oxygen atom, a sulfur atom, a
nitrogen atom, a fluorine atom, a silicon atom, a chlorine
atom, a bromine atom, and an iodine atom, an aromatic
heterocyclic compound, and an amine compound.

[0111] The capping layer according to the present exem-
plary embodiment includes at least one among materials
represented by Chemical Formula A and Chemical Formula
B, while the optical value (the product of the refractive index
and the absorption coeflicient) satisfies at least one of
Equation 1 and Equation 2.

Equation 2

Equation 3

Chemical Formula A

HArl HAR
/
Arl Ar2
\ /
N N
/
Ar3 m Ard
\
HAT HAM
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-continued
Chemical Formula B

HAr6
QO
N\ /
N N
/ \
Ar7 Ar8
Jatel
HArT

[0112] In Chemical Formula A, m is 2 to 4, in Chemical
Formula A and Chemical Formula B, Arl to Ar8 are inde-
pendently one of a single bond, phenylene, carbazole, diben-
zothiophene, dibenzofuran, and biphenyl, and HArl to
HAr8 are one of hydrogen, an alkyl group having 1 to 3
carbon atoms, a phenyl group, a carbazole group, a diben-
zothiophene group, a dibenzofuran group, and a biphenyl
group.

[0113] Chemical Formula A includes one among Chemical

Formula A-1 to Chemical Formula A-3 below, and Chemical
Formula B includes Chemical Formula B-1.

Chemical Formula A-1
Chemical Formula A2

N

J

&

Chemical Formula 1

g

O

Q
O

SROWe
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-continued
Chemical Formula A-3
R7 R8
RO R10
Chemical Formula B-1
R11 R12
; N/g\N ;
R13 R14
[0114] In Chemical Formula A-1 to Chemical Formula

A-3, R1to R10 are independently one of hydrogen, an alkyl
group having 1 to 3 carbon atoms, a phenyl group, a
carbazole group, a dibenzothiophene group, a dibenzofuran
group, and a biphenyl group, and X is one of an oxygen
atom, sulfur atom, and a nitrogen atom. In Chemical For-
mula B-1, R11 to R14 are independently one of hydrogen,
an alkyl group having 1 to 3 carbon atoms, a phenyl group,
a carbazole group, a dibenzothiophene group, a dibenzo-
furan group, and a biphenyl group.

[0115] In detail, the capping layer according to the present
exemplary embodiment may include at least one among
materials represented by Chemical Formula 1 to Chemical
Formula 7 below.

Chemical Formula 2

3, oC
g P
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-continued
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Chemical Formula 4
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[0116] Additionally, the arranged materials forming the
capping layer may satisfy Equation 3.

[0117] FIG. 9 is a cross-sectional view of a light emitting
diode display according to another exemplary embodiment
of the described technology.

[0118] Referring to FIG. 9, the display device according to
the present exemplary embodiment includes a substrate 23,
a driving transistor 30, a first electrode 220, a light emitting
diode layer 200, and a second electrode 290. The first
electrode 220 may be the anode and the second electrode
290 may be the cathode, however the first electrode 220 may
be the cathode and the second electrode 290 may be the
anode.

;

TN o

Chemical Formula 3

)

Chemical Formula 5

oo™

OOO

Chemical Formula 7

2o
g o

[0119] A substrate buffer layer 26 may be disposed on the
substrate 23. The substrate buffer layer 26 serves to prevent
penetration of impure elements and to planarize the surface,
however, the substrate buffer layer 26 is not a necessary
configuration, and may be omitted according to the type and
process conditions of the substrate 23.

[0120] A driving semiconductor layer 37 is formed on the
substrate buffer layer 26. The driving semiconductor layer
37 may be formed of a material including a polysilicon.
Also, the driving semiconductor layer 37 includes a channel
region 35 not doped with an impurity, and a source region
34 and a drain region 36 doped with an impurity at respec-
tive sides of the channel region 35. The doped ion materials
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may be P-type impurities such as boron (B), and B,H, may
be generally used. The impurities depend on the type of the
thin film transistor.

[0121] A gate insulating layer 27 is disposed on the
driving semiconductor layer 37. A gate wire including a
driving gate electrode 33 is disposed on the gate insulating
layer 27. The driving gate electrode 33 overlaps at least a
portion of the driving semiconductor layer 37, and particu-
larly, the channel region 35.

[0122] An interlayer insulating layer 28 covering the gate
electrode 33 is formed on the gate insulating layer 27. A first
contact hole 22¢ and a second contact hole 225 that respec-
tively expose the source region 34 and the drain region 36
of the driving semiconductor layer 37 are formed in the gate
insulating layer 27 and the interlayer insulating layer 28. A
data wire including a driving source electrode 73 and a
driving drain electrode 75 may be disposed on the interlayer
insulating layer 28. The driving source electrode 73 and the
driving drain electrode 75 are connected to the source region
34 and the drain region 36 of the driving semiconductor
layer 37 through the first contact hole 22a and the second
contact hole 224 formed in the interlayer insulating layer 28
and the gate insulating layer 27, respectively.

[0123] As described above, the driving thin film transistor
30 including the driving semiconductor layer 37, the driving
gate electrode 33, the driving source electrode 73, and the
driving drain electrode 75 is formed. The configuration of
the driving thin film transistor 30 is not limited to the
aforementioned example, and may be variously modified
into other known configurations that may be easily imple-
mented by those skilled in the art.

[0124] In addition, a planarization layer 24 covering the
data wire is formed on the interlayer insulating layer 28. The
planarization layer 24 serves to remove and planarize a step
in order to increase emission efficiency of the light emitting
diode to be formed thereon. The planarization layer 24 has
a third contact hole 22¢ to electrically connect the driving
drain electrode 75 and the first electrode that is described
later.

[0125] This exemplary embodiment of the present disclo-
sure is not limited to the above-described configuration, and
one of the planarization layer 24 and the interlayer insulating
layer 28 may be omitted in some cases.

[0126] The first electrode 220 of the light emitting diode
LD is disposed on the planarization layer 24. The pixel
definition layer 25 is disposed on the planarization layer 24
and the first electrode 220. The pixel definition layer 25 has
an opening overlapping a part of the first electrode 220. In
this case, the light emitting diode layer 100 may be disposed
for each opening formed in the pixel definition layer 25.
[0127] On the other hand, the light emitting diode layer
200 is disposed on the first electrode 220. The light emitting
diode layer 200 corresponds to the hole transmission layer
230, the emission layer 250, the electron transport layer 260,
and the electron injection layer 280 in the light emitting
diode described in FIG. 5.

[0128] InFIG. 9, the light emitting diode layer 200 is only
disposed in the opening of the pixel definition layer 25,
however as shown in FIG. 5, partial layers configuring the
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light emitting diode layer 200 may also be disposed on the
upper surface of the pixel definition layer 25 like the second
electrode 290.

[0129] A second electrode 290 and a capping layer 295 are
disposed on the light emitting diode layer 200. The capping
layer 295 may satisfy at least one of Equation 1 and
Equation 2 described in FIG. 5 to FIG. 8, or may additionally
satisfy Equation 3. The contents related to the above-
described capping layer 295 may all be applied to the present
exemplary embodiment.

[0130] A thin film encapsulation layer 300 is disposed on
the capping layer 295. The thin film encapsulation layer 300
encapsulates the light emitting diode LD formed on the
substrate 23 and a driving circuit to protect them from the
outside.

[0131] The thin film encapsulation layer 300 includes a
first inorganic layer 300a, an organic layer 3005, and a
second inorganic layer 300c that are deposited one by one.
In FIG. 9, the thin film encapsulation layer 300 is configured
by alternately depositing two inorganic layers 300a and
300¢ and one organic layer 3005 one by one. However, this
is just an example and the inventive concept is not limited
thereto. In a modified embodiment, the structure may
include a plurality of the organic layer 3006 and a plurality
of the inorganic layer 300¢. Although not shown, the light
emitting diode display according to the present exemplary
embodiment may further include a reflection blocking layer
on the thin film encapsulation layer 300.

[0132] In Table 3 below, a comparative example repre-
sents the transmittance and the absorption rate in the 405
nanometer wavelength when forming the capping layer of
the compound represented by Chemical Formula 8 with the
820 angstroms thickness and forming a SiN_ layer with the
7000 angstroms thickness thereon. A Reference Example 1
is almost the same as the comparative example, but is a
structure in which the capping layer thickness increases by
10%, a Reference Example 2 is a structure in which the
thickness of the SiNx layer increases by 10%, and the
Reference Examples 1 and 2 represent the transmittance and
the absorption rate in the 405 nanometer wavelength for
each of these structures. The Reference Example 3 is almost
the same as the comparative example, but it is a deposition
structure in which the capping layer thickness and the SiN,
layer thickness increase by 10%, respectively. An Exem-
plary Embodiment 4 represents the transmittance and the
absorption rate in the 405 nanometer wavelength in the
structure only using a strong capping layer against sunlight.
In the present disclosure, the strong capping layer means the
capping layer formed by using the material satisfying at least
one of above-described Equation 1 and Equation 2 or
additionally satisfying Equation 3. An Exemplary Embodi-
ment 2 represents the transmittance and the absorption rate
in the 405 nanometer wavelength for a multi-layered struc-
ture in which the first capping layer is formed of the
compound represented by Chemical Formula 8 with the 410
angstrom thickness, the second capping layer is formed of
the strong capping layer with the 410 angstrom thickness,
and the SiN_, layer of the 7000 angstrom thickness is formed.
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TABLE 3
Exemplary Exemplary
Comparative  Reference Reference Reference Embodiment  Embodiment
Example Example 1 Example 2 Example 3 1 2
Thickness 820 7000 820*%1.1  7000*1.1 820*1.1 7000%1.1 820 410 410 7000
A)
Trans- 33.6 324 33 322 16.2 22.5
mittance 1 -3.6% -1.8% -4.2% -51.8% -33.0%
405 nm
Absorp- 58.1 59.3 59.4 60.8 759 66
tion rate 1 2.1% 2.2% 4.6% 30.6% 13.6%
405 nm
[0133] In Table 3, even if the thicknesses of the capping effect that the lifespan increase of 76% compared with the

layer and the SiN, layer according to the comparative
example are changed, only an increase of the 2.1 to 2.2%
degrees for the harmful wavelength absorption rate appears,
however it may be confirmed that the absorption rate for the
light of the 405 nanometer wavelength largely increases
when forming the strong capping layer like the present
exemplary embodiment. Also, in the multi-layered structure
of the Exemplary Embodiment 2 including the strong cap-
ping layer, compared with the Exemplary Embodiment 1
only forming the strong capping layer, the increase degree of
the light absorption rate of the 405 nanometer wavelength is
not large, however it may be confirmed that the harmful
wavelength absorption rate increases compared with the
Reference Examples 1, 2, and 3 without the strong capping
layer.

[0134] The substrate 23 of the light emitting diode display
of the present exemplary embodiment may include a flexible
material. Table 4 represents the transmittance of the light
passing through each layer when irradiating the light of the
405 nanometer wavelength in each of a rigid light emitting
diode display, the flexible light emitting diode display with-
out the application of the strong capping layer and the
flexible light emitting diode display including the strong
capping layer.

TABLE 4
Flexible Flexible
light light
emitting emitting
diode diode
Rigid display display
light (without (including
emitting strong strong
405 nanometer diode capping capping
Light irradiation display layer) layer)
Reflection preventing 33.2% 33.2% 33.2%
layer transmission
Encapsulation layer 51.2% 29.8% 16.2%
and capping layer
transmission
Light emitting diode 17.0% 9.9% 5.4%
arrival
Excepted life span 58% 100% 176%
[0135] Referring to Table 4, in the flexible light emitting

diode display including the strong capping layer, the light of
the 405 nanometer wavelength included in the harmful
wavelength reaching the light emitting diode is relatively
very small. Accordingly, in the flexible light emitting diode
display, if the strong capping layer is applied, there is an

structure without the strong capping layer is produced.
[0136] While this invention has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention
is not limited to the disclosed embodiments, but, on the
contrary, is intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of the appended claims.

DESCRIPTION OF SYMBOLS

[0137] 110, 220: first electrode

[0138] 120, 290: second electrode

[0139] 130R, 250R: red emission layer
[0140] 130G, 250G: green emission layer
[0141] 130B, 250B: blue emission layer
[0142] BIL: auxiliary layer

[0143] 140, 295: capping layer

[0144] 25, 150: pixel definition layer

What is claimed is:

1. A light emitting diode comprising:

a first electrode;

a second electrode overlapping the first electrode;

an emission layer disposed between the first electrode and
the second electrode; and

a capping layer disposed on the second electrode,

wherein the capping layer satisfies Equation 1 below:

1n*k(A=405 nm)=0.8 Equation 1

wherein in Equation 1, n*k (A=405 nm) represents an
optical value that is a product of a refractive index and
an absorption coeflicient in a 405 nanometer wave-
length.

2. The light emitting diode of claim 1, wherein

the capping layer satisfies Equation 2 below:

n*k(h=460 nm)=0.035 Equation 2

wherein in Equation 2, n*k (A=460 nm) represents an
optical value that is a product of a refractive index and
an absorption coeflicient in a 460 nanometer wave-
length.

3. The light emitting diode of claim 2, wherein

the capping layer satisfies Equation 3 below:

n*k(7=380 nm)=2 Equation 3

wherein in Equation 3, n*k (A=380 nm) represents an
optical value that is a product of a refractive index and
an absorption coeflicient in a 380 nanometer wave-

length.
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4. The light emitting diode of claim 2, wherein

. . , Chemical Formula A-1
the capping layer comprises a first material,

the first material comprises a carbon atom and a hydrogen
atom, and further includes

R2

one or more selected from a group including an aromatic

hydrocarbon compound including at least one substitu-

ent selected from a group including an oxygen atom, a N

sulfur atom, a nitrogen atom, a fluorine atom, a silicon

atom, a chlorine atom, a bromine atom, and an iodine

atom, an aromatic heterocyclic compound, and an

amine compound, and

Chemical Formula A-2

Q

Chemical Formula A-3

the optical value (a product of a refractive index and an
absorption coefficient) of the first material satisfies at
least one of Equation 1 and Equation 2.

5. The light emitting diode of claim 2, wherein

the capping layer comprises at least one among material
represented by Chemical Formula A and Chemical
Formula B while the optical value (the product of the
refractive index and the absorption coeflicient) of the
capping layer satisfies at least one of Equation 1 and
Equation 2:

P eV

Chemical Formula A

HArl HAR
/
Arl Ar2
N N
/
Ar3 w Ard
/ \

HAr6 Chemical Formula B-1
I
N N
/ \
Ar7 l Ar8
HAr7 HAB
O Q N
R14

Chemical Formula B

(in Chemical Formula A, m is 2 to 4, Q.O

(in Chemical Formula A-1 to Chemical Formula A-3, R1

to R10 are independently one of hydrogen, an alkyl
HArl to HAr8 are one of hydrogen, an alkyl group having group having 1 to 3 carbon atoms, a phenyl group, a
carbazole group, a dibenzothiophene group, a diben-
zofuran group, and a biphenyl group, and X is one of
an oxygen atom, a sulfur atom, and a nitrogen atom,

in Chemical Formula A and Chemical Formula B,

R13
Arl to Ar8 are independently one of a single bond,

phenylene, carbazole, dibenzothiophene, dibenzofuran,
and biphenyl,

1 to 3 carbon atoms, a phenyl group, a carbazole group,
a dibenzothiophene group, a dibenzofuran group, and a
biphenyl group).

and
6. The light emitting diode of claim 5, wherein in Chemical Formula B-1, R11 to R14 are independently
one of hydrogen, an alkyl group having 1 to 3 carbon
Chemical Formula A comprises one among Chemical atoms, a phenyl group, a carbazole group, a dibenzo-
Formula A-1 to Chemical Formula A-3, and Chemical thiophene group, a dibenzofuran group, and a biphenyl

Formula B comprises Chemical Formula B-1: group).
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7. The light emitting diode of claim 6, wherein

the capping layer includes at least one among materials
represented by Chemical Formula 1 to Chemical For-
mula 7:

Chemical Formula 1 Chemical Formula 2

Chemical Formula 3

Chemical Formula 4 Chemical Formula 5
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-continued

Chemical Formula 6

O »
Aoy
elately
O 9

8. The light emitting diode of claim 1, wherein

the capping layer has light transmittance of 30% or less in
the 405 nanometer wavelength.

9. The light emitting diode of claim 1, wherein

the emission layer comprises a blue emission layer, a red
emission layer, and a green emission layer, and

the capping layer respectively overlaps the blue emission
layer, the red emission layer, and the green emission
layer.

10. The light emitting diode of claim 1, wherein

the emission layer emits a white light by a combination of
a plurality of layers representing colors that are differ-
ent from each other.

11. A light emitting diode display comprising:

a substrate;

a transistor disposed on the substrate;

a light emitting diode connected to the transistor; and

an encapsulation layer disposed on the light emitting
diode,

wherein the light emitting diode comprises a first elec-
trode, a second electrode overlapping the first elec-
trode, an emission layer disposed between the first
electrode and the second electrode, and a capping layer
disposed on the second electrode, and the capping layer
satisfies Equation 1 below:

n*k(3=405 nm)=0.8 Equation 1

wherein in Equation 1, n*k (A=405 nm) represents an
optical value that is a product of a refractive index and
an absorption coeflicient in a 405 nanometer wave-
length.

12. The light emitting diode display of claim 11, wherein

the capping layer satisfies Equation 2 below:

1 *k(3=460 nm)=0.035 Equation 2

wherein in Equation 2, n*k (A=460 nm) represents an
optical value that is a product of a refractive index and
an absorption coeflicient in a 460 nanometer wave-
length.

13. The light emitting diode display of claim 12, wherein

the capping layer comprises a compound represented by
one among Chemical Formula A-1 to Chemical For-
mula A-3, and Chemical Formula B-1, while the optical
value (the product of the refractive index and the
absorption coefficient) satisfies at least one of Equation
1 and Equation 2:

Chemical Formula 7

g

atats

S

Chemical Formula A-1

e

g
~
)

R1 R2
SEN 3
R3 R4
Chemical Formula A-2
RS R6
Q-0
0 T Q1
CL X
Chemical Formula A-3
R7 RS
53
RO R10
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-continued
Chemical Formula B-1

RI11 R12

Qg
Soln

(in Chemical Formula A-1 to Chemical Formula A-3, R1
to R10 are independently one of hydrogen, an alkyl
group having 1 to 3 carbon atoms, a phenyl group, a
carbazole group, a dibenzothiophene group, a diben-
zofuran group, and a biphenyl group, and X is one of
an oxygen atom, a sulfur atom, and a nitrogen atom,
and

in Chemical Formula B-1, R11 to R14 are independently
one of hydrogen, an alkyl group having 1 to 3 carbon
atoms, a phenyl group, a carbazole group, a dibenzo-
thiophene group, a dibenzofuran group, and a biphenyl

group).

14. The light emitting diode display of claim 12, wherein

the substrate comprises a flexible material.

15. The light emitting diode display of claim 14, wherein

the encapsulation layer comprises a structure in which an
inorganic layer, an organic layer, and an inorganic layer
are sequentially deposited.

16. An organic light emitting diode comprising:

a first electrode;

a second electrode overlapping the first electrode;

an organic emission layer disposed between the first
electrode and the second electrode; and

a capping layer disposed on the second electrode,

wherein the capping layer has an absorption rate of 0.25
or more in a 405 nanometer wavelength,

the capping layer comprises at least one among materials
represented by Chemical Formula A-1 to Chemical
Formula A-3 and Chemical Formula B-1:

Chemical Formula A-1

R1 R2

adats

%
=

Oct. 12,2017

-continued
Chemical Formula A-2

00

Chemical Formula A-3

sl %ﬁ

OOO

R9 R10

Chemical Formula B-1

a1
00

wherein in Chemical Formula A-1 to Chemical Formula
A-3, R1 to R10 are independently one of hydrogen, an
alkyl group having 1 to 3 carbon atoms, a phenyl group,
a carbazole group, a dibenzothiophene group, a diben-
zofuran group, and a biphenyl group, and X is one of
an oxygen atom, a sulfur atom, and a nitrogen atom,
and

in Chemical Formula B-1, R11 to R14 are independently
one of hydrogen, an alkyl group having 1 to 3 carbon
atoms, a phenyl group, a carbazole group, a dibenzo-
thiophene group, a dibenzofuran group, and a biphenyl
group.

17. The organic light emitting diode of claim 16, wherein

the capping layer has an absorption coeflicient of 0.25 or
less in a 430 nanometer wavelength.

18. The organic light emitting diode of claim 17, wherein
the capping layer satisfies Equation A below:

f1=k»>0.10 Equation A

in Equation A, k; is the absorption coeflicient of the 405
nanometer wavelength, and k, is the absorption coef-
ficient of the 430 nanometer wavelength.
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19. The organic light emitting diode of claim 17, wherein

the capping layer has a refractive index of 2.0 or more in
the wavelength range of about 430 nanometers to about
470 nanometers.

20. The organic light emitting diode of claim 16, wherein

the emission layer includes a blue emission layer, and

a light emission spectrum peak wavelength of a blue
emission material included in the blue emission layer is
about 430 nanometers to about 500 nanometers.

21. The organic light emitting diode of claim 16, wherein

the second electrode has a light transmittance of 20% or
more in the wavelength range of about 430 nanometers
to about 500 nanometers.

22. The organic light emitting diode of claim 16, wherein

the organic emission layer comprises a blue emission
layer, a red emission layer, and a green emission layer,
and

the capping layer respectively overlaps the blue emission
layer, the red emission layer, and the green emission
layer.

23. The organic light emitting diode of claim 16, wherein

the capping layer has a thickness of about 200 nanometers
or less.

24. The organic light emitting diode of claim 16, wherein

the capping layer has an absorption coeflicient of 1.0 or
less in the 405 nanometer wavelength.

25. The organic light emitting diode of claim 16, wherein

the capping layer blocks 50% or more of the light of the
405 nanometer wavelength.

® % % % %
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