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ORGANIC LIGHT EMITTING DISPLAY
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the priority of Korean
Patent Application No. 10-2016-0081206 filed on Jun. 28,
2016 in the Korean Intellectual Property Office, the disclo-
sure of which is incorporated herein by reference in its
entirety for all purposes as if fully set forth herein.

BACKGROUND

Technical Field

[0002] The present disclosure relates to an organic light
emitting display device, and more particularly, to an organic
light emitting display device having an optical multilayer
film on an organic light emitting element.

Description of the Related Art

[0003] An active organic light emitting display device
includes an organic light emitting element including an
organic light emitting layer, an anode, and a cathode and a
driving circuit (for example, a transistor or a capacitor)
which drives the organic light emitting element. Specifically,
the organic light emitting display device is a display appa-
ratus in which holes and electrons injected from an anode
and a cathode are recombined to each other in a light
emitting layer to form an exciton and light having a specific
wavelength is generated by emitting energy of the exciton.
Therefore, the organic light emitting display device uses a
self-light emitting organic light emitting element so as to
have a high response speed, a high contrast ratio, a high
luminous efficiency, a high brightness, and a wide viewing
angle.

[0004] In this case, optical efficiency of the organic light
emitting display device is divided into an internal efficiency
and an external efficiency. The internal efficiency depends on
photoelectric conversion efliciency of an organic light emit-
ting material. The external efficiency is also referred to as
light coupling efficiency and depends on refractive indexes
of each layers constituting the organic light emitting ele-
ment. In this case, the light coupling efficiency of the organic
light emitting display device is lower than those of other
display devices. This is because when light discharged from
the organic light emitting layer is emitted at a critical angle
or larger, for example, total reflection is caused at an
interface between a layer having a high refractive index such
as an electrode formed of indium tin oxide (ITO) which
forms an anode or a cathode and a layer having a low
refractive index such as an encapsulating layer. Therefore,
the light is suppressed from being extracted to the outside.
Accordingly, approximately 20% of light substantially emit-
ted from the organic light emitting element in the organic
light emitting display device is extracted to the outside.
[0005] As described above, the self-emitted light from the
organic light emitting device goes out of the organic light
emitting display device through various components of the
organic light emitting display device. However, some light
of light emitted from the organic light emitting layer does
not go out from the organic light emitting display device but
is locked in the organic light emitting display device. That
is, there is an interface having different refractive indexes on
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an emission surface of the organic light emitting element so
that reflection, absorption, scattering, refraction, and the
like, are generated, which may lower the light coupling
efficiency. Therefore, the light coupling efficiency at a front
surface and a side surface of the organic light emitting
display device may be considered as a problem.

[0006] In order to solve the problem of the light coupling
efficiency, a method which varies a thickness and a refrac-
tive index of the organic light emitting layers disposed on
the organic light emitting element or adds an organic layer
to cause strong microcavity effect in the organic light
emitting element, thereby increasing efficiency of the light
may be used. Here, the strong microcavity refers to a state
in which intensity of light is increased by reducing a full
width at half maximum of a main peak wavelength. How-
ever, when the thickness and the refractive index of the
organic light emitting layer vary or an organic layer is added
to the organic light emitting layer, the microcavity effect
becomes strong so that a color of emitted light changes
depending on a viewing angle and the emitted light has
straightness. Therefore, the light may not have Lambertian
distribution. Therefore, when the strong microcavity is used,
front light efficiency and color purity are improved. How-
ever, light efficiency at a viewing angle may be reduced and
color shift may be significant.

SUMMARY

[0007] Accordingly, the present disclosure is directed to
an organic light emitting display device that substantially
obviates one or more of the problems due to limitations and
disadvantages of the related art.

[0008] An object of the present disclosure is to provide an
organic light emitting display device which forms an optical
multilayer film serving as an optical cavity on a light
emitting surface of an organic light emitting display device
to reduce color shift depending on a viewing angle and
improve efficiency of an organic light emitting element.
[0009] Another object of the present disclosure is to
provide an organic light emitting display device which
optimizes a deposition order of optical layers which form an
optical multilayer film in accordance with refractive indexes
to allow light which is primarily interfered in the organic
light emitting element to be incident onto the optical mul-
tilayer film to cause secondary interference in the optical
multilayer film to generate weak microcavity effect and
increase a full width at half maximum (FWHM) of a main
peak wavelength of the light. That is, the weak microcavity
refers to a state when the FWHM of the main peak wave-
length is increased to less affect the property of the viewing
angle. Therefore, a structure which generates the weak
microcavity effect is applied to reduce the color shift
depending on a viewing angle.

[0010] Another object of the present disclosure is to
provide an organic light emitting display device which
optimizes the number and the thickness of optical layers
which form the optical multilayer film, to solve a reliability
problem of the organic light emitting display device which
is in a trade-off relationship with a method for reducing the
color shift depending on a viewing angle.

[0011] Additional features and advantages of the disclo-
sure will be set forth in the description which follows, and
in part will be apparent from the description, or may be
learned by practice of the disclosure. The objectives and
other advantages of the disclosure will be realized and
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attained by the structure particularly pointed out in the
written description and claims hereof as well as the
appended drawings.

[0012] To achieve these and other advantages and in
accordance with the purpose of the present disclosure, as
embodied and broadly described, an organic light emitting
display device comprises an organic light emitting element
including a cathode, an anode, and an organic light emitting
layer, and an optical multilayer film on the organic light
emitting element. Herein, the optical multilayer film is
formed such that a full width at half maximum of light
emitted from the organic light emitting element is larger than
a full width at half maximum of light emitted from a
structure in which the optical multilayer film is not used.
Therefore, the color shift depending on a viewing angle of
the organic light emitting display device may be reduced and
efficiency of the organic light emitting element may be
improved.

[0013] In another aspect, an organic light emitting display
device comprises an organic light emitting element includ-
ing a cathode, an anode, and an organic light emitting layer,
and an optical multilayer film on the organic light emitting
element. Herein, the optical multilayer film is formed to
have a structure which generates weak microcavity effect,
thereby reducing the color shift depending on a viewing
angle of the organic light emitting display device and
improving efficiency of the organic light emitting element.

[0014] In another aspect, an organic light emitting display
device comprises an organic light emitting element includ-
ing a cathode, and an optical multilayer film are deposited a
first optical layer and a second optical layer in order on the
organic light emitting element. A refractive index of the first
optical layer is larger than a refractive index of the second
optical layer so that the color shift depending on a viewing
angle of the organic light emitting display device may be
reduced and efficiency of the organic light emitting element
may be improved.

[0015] Other detailed matters of the embodiments are
included in the detailed description and the drawings.

[0016] According to the exemplary embodiments of the
present disclosure, the optical multilayer film is disposed on
the organic light emitting element so that the optical mul-
tilayer film is formed such that a full width at half maximum
of light emitted from the organic light emitting element is
larger than a full width at half maximum of light emitted
from a structure in which the optical multilayer film is not
used. Therefore, the color shift depending on a viewing
angle may be reduced and efficiency of the organic light
emitting element may be improved.

[0017] According to the exemplary embodiments of the
present disclosure, the capping layer is formed to have a
thickness of less than 5 nm. Therefore, the color shift
depending on a viewing angle is reduced and the optical
multilayer film is suppressed from being separated from the
organic light emitting element.

[0018] Further, according to the exemplary embodiments
of the present disclosure, the refractive index of the first
optical layer is larger than the refractive index of the cathode
and the third optical layer having a refractive index which is
larger than that of the second optical layer is disposed on the
second optical layer. Therefore, the light which passes
through the organic light emitting element causes secondary
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interference, to reduce the color shift depending on a view-
ing angle and improve the efficiency of the organic light
emitting element.

[0019] According to the exemplary embodiments of the
present disclosure, a fourth optical layer is additionally
formed and the fourth optical layer may be formed to have
a thickness which is between 100 nm and 5000 nm. There-
fore, the reliability of the organic light emitting element may
be maintained without additionally providing a passivation
layer on the optical multilayer film.

[0020] Therefore, according to the exemplary embodi-
ments of the present disclosure, the optical layers having
small refractive indexes among the optical layers which
configure the optical multilayer film are formed of silicon
oxynitride SiON, to suppress hydrogen H, from being gen-
erated when the optical layer is formed, thereby suppressing
the deterioration of the organic light emitting layer.

[0021] Further, according to the exemplary embodiments
of the present disclosure, the organic layer and the passiva-
tion layer are formed on the optical multilayer film to
suppress the optical multilayer film from being separated
due to particles which are formed on the optical multilayer
film and improve the reliability of the organic light emitting
device.

[0022] Further, according to the exemplary embodiments
of the present disclosure, the atomic deposition layer is
formed on the optical multilayer film to closely cover the
stack of the optical multilayer film, thereby improving the
reliability of the organic light emitting element.

[0023] Further, according to the exemplary embodiments
of the present disclosure, the atomic deposition layer is
formed on the capping layer to cover a surface of the
capping layer, thereby improving the reliability of the
organic light emitting element.

[0024] Furthermore, according to the exemplary embodi-
ments of the present disclosure, the difference in refractive
indexes of optical layers which form the optical multilayer
film is between 0.01 and 0.06. Therefore, the optical layer
may be suppressed from being separated due to the differ-
ence in expansion coefficients depending on the difference in
the refraction indexes of the optical layers during the evalu-
ation of reliability.

[0025] Further, according to the exemplary embodiments
of the present disclosure, a structure in which the optical
multilayer film causes weak microcavity effect is applied to
reduce the color shift depending on a viewing angle and
improve the efficiency of the organic light emitting element.
[0026] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the disclosure as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion. In the drawings:

[0028] FIG. 1 is a cross-sectional view illustrating an
organic light emitting display device according to a first
exemplary embodiment of the present disclosure;

[0029] FIG. 2 is a graph illustrating a full width at half
maximum of a main peak wavelength of red light according
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to a first exemplary embodiment and a comparative embodi-
ment of the present disclosure;

[0030] FIG. 3 is a graph illustrating a full width at half
maximum of a main peak wavelength of green light accord-
ing to a first exemplary embodiment and a comparative
embodiment of the present disclosure;

[0031] FIG. 4 is a graph illustrating a full width at half
maximum of a main peak wavelength of blue light according
to a first exemplary embodiment and a comparative embodi-
ment of the present disclosure;

[0032] FIGS. 5A to 5D are graphs illustrating a color
coordinate shift amount of white light depending on a
viewing angle in right, upper, left, and lower directions from
a center of the organic light emitting display device as a
comparative embodiment;

[0033] FIGS. 6A to 6D are graphs illustrating a color
coordinate shift amount of white light depending on a
viewing angle in right, upper, left, and lower directions from
a center of the organic light emitting display device as a first
exemplary embodiment;

[0034] FIG. 7 is a cross-sectional view illustrating an
organic light emitting display device according to a second
exemplary embodiment of the present disclosure;

[0035] FIG. 8 is a cross-sectional view illustrating an
organic light emitting display device according to a third
exemplary embodiment of the present disclosure; and
[0036] FIG. 9 is a cross-sectional view illustrating an
organic light emitting display device according to a fourth
exemplary embodiment of the present disclosure.

DETAILED DESCRIPTION

[0037] Advantages and characteristics of the present dis-
closure and a method of achieving the advantages and
characteristics will be clear by referring to exemplary
embodiments described below in detail together with the
accompanying drawings. However, the present disclosure is
not limited to exemplary embodiment disclosed herein but
will be implemented in various forms. The exemplary
embodiments are provided by way of example only so that
a person of ordinary skilled in the art can fully understand
the disclosures of the present disclosure and the scope of the
present disclosure. Therefore, the present disclosure will be
defined only by the scope of the appended claims.

[0038] The shapes, sizes, ratios, angles, numbers, and the
like illustrated in the accompanying drawings for describing
the exemplary embodiments of the present disclosure are
merely examples, and the present disclosure is not limited
thereto. Like reference numerals generally denote like ele-
ments throughout the specification. Further, in the following
description, a detailed explanation of known related tech-
nologies may be omitted to avoid unnecessarily obscuring
the subject matter of the present disclosure. The terms such
as “including,” “having,” and “consist of” used herein are
generally intended to allow other components to be added
unless the terms are used with the term “only”. Any refer-
ences to singular may include plural unless expressly stated
otherwise.

[0039] Components are interpreted to include an ordinary
error range even if not expressly stated.

[0040] When the position relation between two parts is
described using the terms such as “on”, “above”, “below”,
and “next”, one or more parts may be positioned between the
two parts unless the terms are used with the term “imme-
diately” or “directly” is not used.
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[0041] When the relation of a time sequential order is
described using the terms such as “after”, “continuously to”,
“next t0”, and “before”, the order may not be continuous
unless the terms are used with the term “immediately” or
“directly”.

[0042] Although the terms “first”, “second”, and the like
are used for describing various components, these compo-
nents are not confined by these terms. These terms are
merely used for distinguishing one component from the
other components. Therefore, a first component to be men-
tioned below may be a second component in a technical
concept of the present disclosure.

[0043] The features of various embodiments of the present
disclosure can be partially or entirely bonded to or combined
with each other and can be interlocked and operated in
technically various ways, and the embodiments can be
carried out independently of or in association with each
other.

[0044] Hereinafter, an organic light emitting display
device according to an exemplary embodiment of the pres-
ent disclosure will be described with reference to the accom-
panying drawings.

[0045] FIG. 1 is a cross-sectional view illustrating an
organic light emitting display device according to a first
exemplary embodiment of the present disclosure.

[0046] An organic light emitting display device 1000
includes a substrate 104, an organic light emitting element
100, a capping layer 110, and an optical multilayer film 120
which are disposed on the substrate 104.

[0047] A driving circuit which drives the organic light
emitting element 100 may be disposed on the substrate 104
and include a transistor and a capacitor. In this case, the
driving circuit may be formed corresponding to a plurality of
sub pixels formed on the substrate 104 and is connected to
an anode 101 of the organic light emitting element 100.
[0048] The substrate 104 may be formed of an insulating
material. For example, the substrate 104 may be formed of
a glass or a flexible film formed of a polyimide, acryl,
polyacrylate, polycarbonate, polyether, sulfonic acid based
material, silicon oxide (SiOx), or the like, but is not limited
thereto.

[0049] The organic light emitting element 100 disposed on
the substrate 104 includes an anode 101, an organic light
emitting layer 102, and a cathode 103. In this case, a hole
injecting layer and a hole transporting layer may be included
between the organic light emitting layer 102 and the anode
101 and an electron transporting layer and an electron
injecting layer may be included between the organic light
emitting layer 102 and the cathode 103. However, the
present disclosure is not limited thereto. Further, the organic
light emitting layer 102 may be a single layer structure
having one light emitting layer as a light emitting layer
which emits red light, blue light, green light or similar color
light. Alternatively, the organic light emitting layer 102 may
have a tandem structure in which two or more light emitting
layers are provided and a charge generating layer (CGL) is
included between the light emitting layers.

[0050] The light emitted from the organic light emitting
layer 102 causes primary interference between the anode
101 and the cathode 103. Specifically, the organic light
emitting element 100 may have a structure and a thickness
determined by considering a microcavity distance between
the anode 101 and the cathode 103 depending on a wave-
length of light emitted from the organic light emitting layer
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102. The microcavity refers that light emitted from the light
emitting layer is amplified by being repeatedly reflected and
re-reflected between the anode 101 and the cathode 103 to
cause constructive interference, thereby improving lumi-
nous efficiency. In this case, the organic light emitting layer
102 may be formed to be separated in every sub pixel and
a distance between the anode 101 and the cathode 103 may
vary depending on a color of light emitted from every sub
pixel. In the meantime, in the organic light emitting display
device using white light, the organic light emitting layer 102
may be commonly formed in a plurality of sub pixels.
[0051] As described above, the anode 101 may be dis-
posed to be separated for every sub pixel and is connected
to a source electrode or a drain electrode of a transistor
which is disposed on the substrate 104, as an electrode
which supplies or delivers the hole to the organic light
emitting layer 102.

[0052] In a top emission type organic light emitting dis-
play device 1000, a plurality of anodes 101 may include a
reflective layer so that the light emitted from the organic
light emitting layer 102 is reflected from the anode 101 to be
smoothly discharged to an upward direction (or a direction
which passes through the cathode 103). For example, the
anode 101 may have a dual layered structure in which a
transparent layer and the reflective layer are laminated or a
triple layered structure in which a transparent layer, a
reflective layer and a transparent layer are laminated. The
transparent layer may be formed of a transparent conductive
oxide such as indium tin oxide (ITO) or indium zinc oxide
(IZ0). The reflective layer may be formed of a metal
material such as copper (Cu), silver (Ag), palladium (Pd),
aluminum (Al), platinum (Pt), gold (Au), chrome (Cr),
tungsten (W), molybdenum (Mo), titanium (Ti), or iridium
(Ir). Alternatively, the anode 101 may be a single layer
configured by a material or a structure having characteristics
of a transparent layer and a reflective layer.

[0053] The cathode 103 is commonly disposed for a
plurality of sub pixels and supplies and delivers the electron
to the organic light emitting layer 102.

[0054] In the top emission type organic light emitting
display device 1000, the cathode 103 may be transparent so
that light emitted from the organic light emitting layer 102
passes through the cathode. For example, the cathode 103
may be disposed by forming a metal material such as silver
(Ag), magnesium (Mg), or an alloy thoseof to have a very
small thickness. Alternatively, the cathode 103 may be
formed of a transparent conductive oxide material such as
indium tin oxide or indium zinc oxide, similarly to the
transparent layer of the anode 101.

[0055] The light emitted from the organic light emitting
element 100 due to the primary interference 131 has a strong
microcavity effect, that is, an effect of improving the lumi-
nous efficiency. However, as the intensity of light is
increased by the strong microcavity effect, there may be a
problem in that a viewing angle characteristic of the organic
light emitting display device 1000 is lowered. Here, the
strong microcavity refers to a state in which intensity of light
is increased by reducing a full width at half maximum of a
main peak wavelength. Specifically, according to the strong
microcavity effect, as the intensity of the light emitted from
the organic light emitting element 100 is increased, the full
width at half maximum of a main peak wavelength of light
is reduced. Therefore, the front efficiency of the organic light
emitting display device 1000 is increased but the viewing
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angle characteristic is lowered. Therefore, in order to reduce
the color shift depending on a viewing angle and increase the
efficiency of the organic light emitting element 100 by
increasing the full width at half maximum of a main peak
wavelength of light while maintaining the intensity of the
light of the organic light emitting display device 1000, in the
organic light emitting display device 1000 according to the
first exemplary embodiment, an optical multilayer film 120
may be provided on a surface onto which light emitted from
the organic light emitting element 100 is emitted. The
optical multilayer film 120 will be described below and the
capping layer 110 will be described now.

[0056] The capping layer 110 may be disposed between
the organic light emitting element 100 and the optical
multilayer film 120. The capping layer 110 covers the
organic light emitting element 100 to block inflow of oxygen
and moisture entering from the outside and improve the
efficiency of the light which passes through the cathode 103.
However, when the capping layer 110 is formed to have a
large thickness, for example, approximately 40 nm, to
improve the reliability of the organic light emitting element
100, the color shift may be significantly caused depending
on a viewing angle of the light emitted from the organic light
emitting display device 1000. In contrast, when the capping
layer 110 is removed to remove the color shift depending on
a viewing angle, which is generated by the capping layer
110, the optical multilayer film 120 may be undesirably
separated from the organic light emitting element 100 at the
time of evaluating the reliability of the organic light emitting
display device 1000.

[0057] Generally, after completing a product, reliability
evaluation is performed to evaluate reliability of the product.
The reliability evaluation is evaluation to check deformation
of an appearance of the product when the product is left in
a chamber in high temperature/high humidity environment,
for example, 50° C./90% or 60° C./80% for several hours or
several tens of hours or a problem of a screen at the time of
driving. By performing the reliability evaluation, products
which withstand the high temperature/high humidity envi-
ronment may be shipped. The tenmperature or humidity for
reliability evaluation is an exemplary embodiment, but does
not limit the contents of the present disclosure.

[0058] That is, when the reliability of the organic light
emitting display device 1000 which does not have the
capping layer 110 is evaluated, since an expansion coefli-
cient of the organic light emitting layer 102 which is formed
of an organic material is different from an expansion coef-
ficient of the optical multilayer film 120 which is formed of
an inorganic material in the high temperature/high humidity
environment, a gap is formed between the organic light
emitting element 100 including the organic light emitting
layer 102 and the optical multilayer film 120 so that the
organic light emitting element 100 and the optical multilayer
film 120 are separated from each other. Therefore, the
capping layer 110 is disposed between the organic light
emitting element 100 and the optical multilayer film 120 so
that the optical multilayer film 120 is adhered to the organic
light emitting element 100. In this case, the capping layer
110 is a functional layer which is formed to be thin so as to
hardly apply an optical effect. A thickness of the capping
layer 110 may be less than 5 nm. The capping layer 110 may
be an insulating layer which is formed of an organic material
or an inorganic material. Therefore, the capping layer 110
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may suppress the optical multilayer film 120 from being
separated from the organic light emitting element 100.
[0059] The optical multilayer film 120 which is adhered to
the organic light emitting element 100 by the capping layer
110 includes a plurality of optical layers. A first optical layer
121, a second optical layer 122, a third optical layer 123, and
a fourth optical layer 124 may be sequentially disposed.
[0060] An arrow of FIG. 1 represents a route of the light
which is emitted to the front side from the organic light
emitting layer 102 and represents primary interference 131
which is optical interference generated in the organic light
emitting element 100 due to reflection of the light generated
at an interface of the organic light emitting layer 102 and the
anode 101 and the cathode 103 in the organic light emitting
element 100 and secondary interference 132 due to the
reflection of the light generated at an interface of optical
layers having different refractive indexes in the optical
multilayer film 120.

[0061] The first optical layer 121 may be formed to have
a refractive index which is larger than a refractive index of
the cathode 103. The light emitted through the cathode 103
is reflected (132A) at the interface of the first optical layer
121 having a refractive index which is larger than that of the
cathode 103 and the cathode 103. Secondary interference of
the light 132A which is reflected at the interface of the first
optical layer 121 and the cathode 103 is generated in the
optical multilayer film 120. In this case, an optical influence
which is applied to the light emitted through the cathode 103
by the capping layer 110 disposed between the first optical
layer 121 and the cathode 103 may be so small to be ignored.
[0062] When light having an incident angle of zero (ver-
tical to an incident surface) is incident from a material
having a small refractive index to a material having a large
refractive index, reflected light is generated at an interface
between the material having a small refractive index and the
material having a large refractive index. An amount of the
reflected light generated in this case is larger than an amount
of reflected light generated when light having an incident
angle of zero is incident from a material having a large
refractive index to a material having a small refractive index.
Therefore, the light is caused to be incident from a material
having a small refractive index 1o a material having a large
refractive index, so that the amount of the reflected light is
increased and the secondary interference by the reflected
light is efficiently generated.

[0063] Next, the second optical layer 122 is disposed on
the first optical layer 121. The second optical layer 122 may
be formed to have a refractive index which is smaller than
that of the first optical layer 121.

[0064] Further, the third optical layer 123 is disposed on
the second optical layer 122. The third optical layer 123 may
be formed to have a refractive index which is larger than that
of the second optical layer 122. Therefore, the light emitted
through the second optical layer 122 is reflected (132B) at
the interface of the third optical layer 123 having a refractive
index which is larger than that of the second optical layer
122 and the second optical layer 122. Secondary interference
of the light 132B which is reflected at the interface of the
third optical layer 123 and the second optical layer 122 is
generated in the optical multilayer film 120.

[0065] Therefore, the secondary interference of the light
which is reflected at the interface of the cathode 103 and the
first optical layer 121 and the interface of the second optical
layer 122 and the third optical layer 123 is generated in the
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optical multilayer film 120 so that the organic light emitting
display device 1000 according to the first exemplary
embodiment generates weak microcavity effect as compared
with a case when no optical multilayer film 120 is disposed
or a single layer is disposed. Therefore, the color shift
depending on a viewing angle is reduced by increasing a full
width at half maximum of a main peak wavelength of red,
green, and blue and thus the efficiency of the organic light
emitting device is improved. Here, the weak microcavity
refers to a state when the FWHM of the main peak wave-
length is increased to less affect the property of the viewing
angle.

[0066] Next, the fourth optical layer 124 may be disposed
on the third optical layer 123. The fourth optical layer 124
may be formed to have a refractive index which is smaller
than that of the third optical layer 123 and the light which
passes through the third optical layer 123 is emitted through
the fourth optical layer 124. In this case, the fourth optical
layer 124 may be formed to have a thickness between 100
nm and 5000 nm, to improve the reliability of the organic
light emitting element 100. Further, when no passivation
layer is disposed on the fourth optical layer 124, the thick-
ness of the fourth optical layer 124 may be formed to be
thicker than the fourth optical layer 124 on which the
passivation layer is disposed. However, the present disclo-
sure is not limited thereto.

[0067] In this case, when the difference of refractive
indexes of the first optical layer 121 and the second optical
layer 122, the difference of refractive indexes of the second
optical layer 122 and the third optical layer 123, and the
difference of refractive indexes of the third optical layer 123
and the fourth optical layer 124 are large, the separation may
be generated due to the difference of expansion coefficients
between optical layers having a large difference in refractive
indexes during the reliability evaluation. Therefore, the
optical layers may be formed to have the difference in
refractive indexes of less than 0.6 at least 0.01.

[0068] The optical multilayer film which is formed of the
above-described first to fourth optical layers 121, 122, 123,
and 124 has one more optical layer than the optical multi-
layer film which is formed of first to third optical layers 121,
122, and 123 so that the color shift depending on a viewing
angle of the organic light emitting display device 1000 may
be reduced. However, when several optical layers are added,
even though the color shift depending on a viewing angle is
reduced, there may be another problem in that another
characteristic of the organic light emitting display device
1000, for example, front efficiency or brightness is lowered.
Therefore, it is important to optimize the number of optical
layers to achieve the effect of the present disclosure without
causing the problems related with the efficiency, the bright-
ness, or the like.

[0069] That is, the optical multilayer film 120 which is
formed of three or four optical layers may be effective due
to the following reasons. When a white screen is displayed
on the organic light emitting display device 1000, the white
screen does not have yellow color and the separation of the
optical multilayer film due to the difference of refractive
indexes is suppressed during the reliability evaluation. Fur-
ther, as the number of optical layers is increased, a possi-
bility of haze of the optical multilayer film is increased,
which may affect the brightness of the display device. The
smaller the number of optical layers, the lower the possi-
bility of haze. Further, the smaller the number of optical



US 2017/0373277 Al

layers, the shorter the time to clean an optical layer depo-
sition chamber. Therefore, the processing time may be
shortened.

[0070] Therefore, according to the present disclosure, the
minimum number of optical layers is used, so that the
amount of light reflected due to the difference in refractive
indexes of the optical layers is generated at maximum, so
that the light which passes through the organic light emitting
element 100 causes the secondary interference.

[0071] The optical multilayer film 120 may be formed of
any one or more of silicon nitride SiNXx, silicon oxide SiOx,
and silicon oxynitride SiON. Among these, refractive
indexes of silicon oxide SiOx and silicon oxynitride SiON
are approximately between 1.46 and 1.5 at a wavelength of
400 nm to 700 nm and a refractive index of silicon nitride
SiNx is approximately between 1.9 and 2.3. Therefore, the
refractive indexes of silicon oxide SiOx and silicon oxyni-
tride SiON are smaller than that of silicon nitride SiNX.
Further, oxygen atom included in silicon oxide SiOx and
silicon oxynitride SiON is coupled to hydrogen H, which is
generated when an optical layer is formed so that hydrogen
H, is suppressed from permeating into the organic light
emitting element 100 to deteriorate the organic light emit-
ting element 100.

[0072] Therefore, the optical layers having small refrac-
tive indexes among the optical layers which configure the
optical multilayer film 120 are formed of silicon oxide Si0x
or silicon oxynitride SiON, to suppress hydrogen H, from
being generated when the optical layer is formed, thereby
suppressing the deterioration of the organic light emitting
layer. For example, the second optical layer 122 which is
adjacent to the first optical layer 121 and has a small
refractive index and the fourth optical layer 124 which is
adjacent to the third optical layer 123 and has a small
refractive index may be formed of silicon oxide SiOx or
silicon oxynitride SiON.

[0073] FIG. 2 is a graph illustrating a full width at half
maximum (FWHM) of a main peak wavelength of red light
according to a first exemplary embodiment and a compara-
tive embodiment of the present disclosure. A horizontal axis
of the graph represents a wavelength and a vertical axis
represents an intensity of the light. A unit of the horizontal
axis is nm and A.U. (arbitrary unit) which is a unit of the
vertical axis is a value obtained by normalizing an intensity
of light by 1. In this case, the FWHM is a numerical value
representing a width of a wavelength when an intensity of
light becomes half. As the FWHM is increased, a light
emitting spectrum becomes broader, so that the color shift
depending on a viewing angle may be suppressed.

[0074] Conditions of a layer which is disposed on the
organic light emitting element according to the first exem-
plary embodiment and the comparative embodiment of
FIGS. 2 to 4 are represented in the following Table 1.
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[0075] According to the comparative embodiment, in the
organic light emitting display device formed as represented
in Table 1, the optical multilayer film is formed of one
inorganic insulating layer. According to the first exemplary
embodiment, the optical multilayer film includes four opti-
cal layers having different thicknesses and four organic
layers are alternatively disposed in the order of an optical
layer having a high refractive index and an organic layer
having a low refractive index. In the first exemplary embodi-
ment in which the organic layer and the passivation layer are
not provided, a last optical layer is formed to be thick in
order to secure the reliability of the organic light emitting
element. The capping layer, the optical multilayer film, the
organic layer, and the passivation layer represented in Table
1 are deposited on the organic light emitting element in this
order.

[0076] Referring to FIG. 2, a full width at half maximum
of a main peak wavelength (RFWHM_E) of the red light
according to the first exemplary embodiment of the present
disclosure is 35.2 nm, which is 4.9 nm broader than a full
width at half maximum of a main peak wavelength (RF-
WHM_R) of the red light according to the comparative
embodiment which is 30.3 nm.

[0077] Referring to FIG. 3, a full width at half maximum
of a main peak wavelength (GFWHM_E) of the green light
according to the first exemplary embodiment of the present
disclosure is 30.7 nm, which is 5.4 nm broader than a full
width at half maximum of a main peak wavelength (GF-
WHM_R) of the green light according to the comparative
embodiment which is 25.3 nm.

[0078] Referring to FIG. 4, a full width at half maximum
of a main peak wavelength (BFWHM_E) of the blue light
according to the first exemplary embodiment of the present
disclosure is 23.6 nm, which is 2.6 nm broader than a full
width at half maximum of a main peak wavelength (BF-
WHM_R) of the blue light according to the comparative
embodiment which is 21 nm.

[0079] Referring to FIGS. 2 to 4, the full width at half
maximum of a main peak wavelength of each of the red
light, the green light, and the blue light emitted from the
organic light emitting display element according to the first
exemplary embodiment in which the optical multilayer film
including a plurality of optical layers is disposed is larger
than the full width at half maximum of a main peak
wavelength of each of the red light, the green light, and the
blue light emitted from the organic light emitting display
element according to the comparative embodiment in which
the single layer is disposed on the organic light emitting
element. That is, the reflected light generated at the interface
of the optical layer having a small refractive index and the
optical layer having a large refractive index causes interfer-
ence in the optical multilayer film, to generate the weak
microcavity effect. Therefore, the full width at half maxi-

TABLE 1
Capping Optical multilayer Organic  Passivation
layer film layer layer
Comp. Is O SiNx O O
Ex. provided?
Thickness 40 nm 1.5 ym 18 um 1.5 um
First Is O SNk SiNy  SiNx  SiNx X X
Ex. provided?

Thickness Snm 500 nm 200 nm 300 nm 900 nm —
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mum of a main peak wavelength may be increased as
compared with a structure in which the optical multilayer
film is not used. Therefore, the color shift depending on a
viewing angle is reduced and the efficiency of the organic
light emitting element may be improved.

[0080] FIGS. 5A to 5D are graphs illustrating a color
coordinate shift amount of white light depending on a
viewing angle in right, upper, left, and lower directions from
a center of the organic light emitting display device as
comparative embodiments and FIGS. 6A to 6D are graphs
illustrating a color coordinate shift amount of white light
depending on a viewing angle in right, upper, left, and lower
directions from a center of the organic light emitting display
device as a first exemplary embodiment. In this case, the
right, upper, left, and lower directions of the organic light
emitting display device may be represented by azimuth
angles of 0°, 90°, 180°, and 270°. The color coordinate shift
amount (Au'v') refers to a difference of a color coordinate as
seen at the front and a color coordinate at a viewing angle
and the color coordinate (u'v') refers to 1976 UCS color
space defined in International Commission on Illumination
CIE 15.2. The viewing angle measured in FIGS. 5A to 5D
are 0° to 60° and a viewing angle at a start position X is 0°.
[0081] The graphs of FIGS. 5A to 5D are results obtained
by applying a structure of the comparative embodiment
listed in Table 1.

[0082] Referring to FIG. 5A, in a graph obtained by
forming a viewing angle to the right direction (azimuth
angle is 0°) in a state when the front is seen at the center of
the organic light emitting display device to measure the
color coordinate of the white light, the maximum color
coordinate shift amount (Au'v'_0R) is approximately 0.016.
[0083] Referring to FIG. 5B, in a graph obtained by
forming a viewing angle to the upper direction (azimuth
angle is 90°) in a state when the front is seen at the center
of the organic light emitting display device to measure the
color coordinate of the white light, the maximum color
coordinate shift amount (Au'v'_90R) is approximately 0.018.
[0084] Referring to FIG. 5C, in a graph obtained by
forming a viewing angle to the left direction (azimuth angle
is 180°) in a state when the front is seen at the center of the
organic light emitting display device to measure the color
coordinate of the white light, the maximum color coordinate
shift amount (Au'v'_180R) is approximately 0.029.

[0085] Referring to FIG. 5D, in a graph obtained by
forming a viewing angle to the lower direction (azimuth
angle is 270°) in a state when the front is seen at the center
of the organic light emitting display device to measure the
color coordinate of the white light, the maximum color
coordinate shift amount (Au'v'_270R) is approximately
0.015.

[0086] The graphs of FIGS. 6A to 6D are results obtained
by applying a structure of the first exemplary embodiment
listed in Table 1.

[0087] Referring to FIG. 6A, in a graph obtained by
forming a viewing angle to the right direction (azimuth
angle is 0°) in a state when the front is seen at the center of
the organic light emitting display device to measure the
color coordinate of the white light, the maximum color
coordinate shift amount (Au'v'_OE) is approximately 0.013.
[0088] Referring to FIG. 6B, in a graph obtained by
forming a viewing angle to the upper direction (azimuth
angle is 90°) in a state when the front is seen at the center
of the organic light emitting display device to measure the
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color coordinate of the white light, the maximum color
coordinate shift amount (Au'v'_90E) is approximately 0.012.
[0089] Referring to FIG. 6C, in a graph obtained by
forming a viewing angle to the left direction (azimuth angle
is 180°) in a state when the front is seen at the center of the
organic light emitting display device to measure the color
coordinate of the white light, the maximum color coordinate
shift amount (Au'v'_180E) is approximately 0.012.

[0090] Referring to FIG. 6D, in a graph obtained by
forming a viewing angle to the lower direction (azimuth
angle is 270°) in a state when the front is seen at the center
of the organic light emitting display device to measure the
color coordinate of the white light, the maximum color
coordinate shift amount (Au'v'_270E) is approximately
0.006.

[0091] When the maximum color coordinate shift amounts
of the comparative embodiment and the first exemplary
embodiment are compared according to the direction of
forming a viewing angle, it is confirmed that the maximum
color coordinate shift amount of the first exemplary embodi-
ment is smaller than that of the comparative embodiment.
That is, the maximum color coordinate shift amount of the
white light emitted from the organic light emitting display
device according to the comparative embodiment in which
the optical multilayer film is formed by a single layer is
larger than the maximum color coordinate shift amount of
the white light emitted from the organic light emitting
display device according to the first exemplary embodiment
in which the optical multilayer film including a plurality of
optical layers having a high refractive index and optical
layers having a low refractive index. Therefore, when the
first exemplary embodiment is applied, the color shift
depending on a viewing angle is reduced and the efficiency
of the organic light emitting element is improved.

[0092] FIG. 7 is a cross-sectional view illustrating an
organic light emitting display device according to a second
exemplary embodiment of the present disclosure. The
organic light emitting display device according to the second
exemplary embodiment may include the same components
as those of the first exemplary embodiment described above
and redundant description with the first exemplary embodi-
ment will be omitted.

[0093] FIG. 7 illustrates a structure in which an organic
layer 141 and a passivation layer 142 are added to the
structure of the first exemplary embodiment. The passiva-
tion layer 142 which protects the organic light emitting
element 100 is added to the structure of the first exemplary
embodiment, so that the thickness of the fourth optical layer
124 may be smaller than the thickness applied in the first
exemplary embodiment and the fourth optical layer 124 may
be omitted.

[0094] The passivation layer 142 is disposed on the optical
multilayer film 120 to suppress moisture and oxygen from
permeating into the organic light emitting element 100 and
improve the reliability of the organic light emitting element
100. The passivation layer 142 is an inorganic insulating
layer and is formed of any one or more of silicon nitride
SiNx, silicon oxide SiOx, and silicon oxynitride SiON, but
is not limited thereto. A thickness of the passivation layer
142 may be between 0.05 pm and 1.5 um, but is not limited
thereto.

[0095] The organic layer 141 is an organic insulating layer
which may be disposed between the optical multilayer film
120 and the passivation layer 142 and may be formed of
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polymer. The organic layer 141 is also referred to as a
particle covering layer (PCL) and servers to cover the
particles. For example, when the passivation layer 142
which is formed of an inorganic insulating material is
disposed on the optical multilayer film 120 with particles
attached on the surface thereof, without having the organic
layer 141, the inorganic insulating material does not have
strong adhesion with the particles attached on the surface of
the optical multilayer film 120, so that there may be gaps
around the particles. Therefore, the passivation layer 142
may be separated therefrom due to the formation of the gap.
Therefore, the organic layer 141 which is formed of an
organic material is disposed between the optical multilayer
film 120 and the passivation layer 142 to cover the particles
and the surroundings of the particles to suppress the passi-
vation layer 142 from being separated. In this case, the
thickness of the organic layer 141 may be between 5 pm and
20 pm, but is not limited thereto.

[0096] FIG. 8 is a cross-sectional view illustrating an
organic light emitting display device according to a third
exemplary embodiment of the present disclosure. The
organic light emitting display device according to the third
exemplary embodiment may include the same components
as those of the first exemplary embodiment described above
and redundant description with the first exemplary embodi-
ment will be omitted.

[0097] FIG. 8 illustrates a structure in which an atomic
deposition layer 150 is added to the structure of the first
exemplary embodiment. The atomic deposition layer 150 is
disposed between the capping layer 110 and the optical
multilayer film 120 and may be formed of any one or more
of silicon oxide SiOx and aluminum oxide Al,O,, but is not
limited thereto.

[0098] The atomic deposition layer 150 is a layer formed
using an atomic layer deposition (ALD) technique. The
atomic deposition layer is formed by accumulating atomic
layers so that very thin film may be formed and a thickness
and a composition of the film may be precisely controlled.
Therefore, the film may be uniformly formed even on a large
size substrate and a stack coverage ability is excellent so that
a surface of the capping layer 110 is covered by the atomic
deposition layer 150, to improve the reliability of the organic
light emitting element 100.

[0099] FIG. 9 is a cross-sectional view illustrating an
organic light emitting display device according to a fourth
exemplary embodiment of the present disclosure. The
organic light emitting display device according to the fourth
exemplary embodiment may include the same components
as those of the first and third exemplary embodiments
described above and redundant description with the first and
third exemplary embodiments will be omitted.

[0100] FIG. 9 illustrates a structure in which the atomic
deposition layer 150 described with reference to FIG. 8 is
disposed on the optical multilayer film 120. As illustrated in
FIG. 9, the atomic deposition layer 150 is located at the top
of the organic light emitting display device 1000 to closely
seal not only the organic light emitting element 100 but also
the optical multilayer film 120 using the excellent stack
coverage ability, to improve the reliability of the organic
light emitting display device 1000.

[0101] In FIG. 8 or 9, the atomic deposition layer 150 is
formed to be in contact with the optical multilayer film 120
to secure the reliability of the organic light emitting display
device 1000. The passivation layer is further disposed on the
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optical multilayer film 120 or the atomic deposition layer
150 to further improve the reliability of the organic light
emitting display device 1000.

[0102] The exemplary embodiments of the present disclo-
sure can also be described as follows:

[0103] According to an aspect of the present disclosure, an
organic light emitting display device includes an organic
light emitting element including a cathode, an anode, and an
organic light emitting layer; and an optical multilayer film
on the organic light emitting element. Herein, the optical
multilayer film is constructed such that a full width at half
maximum of light emitted from the organic light emitting
element is larger than a full width at half maximum of light
emitted from a structure in which the optical multilayer film
is not used, thereby reducing color shift depending on a
viewing angle of the organic light emitting display device
and improving efficiency of the organic light emitting ele-
ment.

[0104] The organic light emitting display device may
further include a passivation layer on the optical multilayer
film.

[0105] The organic light emitting display device may
further include an organic layer between the optical multi-
layer film and the passivation layer.

[0106] The optical multilayer film may include three opti-
cal layers having different refractive indexes.

[0107] The three optical layers may be formed such that a
first optical layer, a second optical layer, and a third optical
layer are sequentially deposited on the cathode and a refrac-
tive index of the second optical layer is smaller than those
of the first optical layer and the third optical layer.

[0108] The optical multilayer film may include four opti-
cal layers and refractive indexes of odd-numbered deposited
optical layers from the cathode may be larger than those of
an even-numbered deposited optical layer.

[0109] A thickness of the last deposited optical layer
among the four optical layers may be between 100 nm and
5000 nm.

[0110] The organic light emitting display device may
further include an insulating layer on the organic light
emitting element and a thickness of the insulating layer may
be less than 5 nm.

[0111] The optical multilayer film may include a plurality
of optical layers and an optical layer having a relatively
small refractive index among the plurality of optical layers
may be formed of silicon oxynitride (SiON).

[0112] The organic light emitting display device may
further include an atomic deposition layer above or below
the optical multilayer film.

[0113] According to another aspect of the present disclo-
sure, an organic light emitting display device includes an
organic light emitting element including a cathode, an
anode, and an organic light emitting layer; and an optical
multilayer film including a plurality of optical layers on the
organic light emitting element. The optical multilayer film
may be configured to cause a weak microcavity effect.
Therefore, a full width at half maximum (FWHM) of a main
peak wavelength of the light emitted from the organic light
emitting element is larger than that of the case when the
single optical layer is used, thereby reducing color shift
depending on a viewing angle of the organic light emitting
display device and improving efficiency of the organic light
emitting element.
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[0114] The optical multilayer film may include a pair of
optical layers in which an optical layer having a relatively
larger refractive index and an optical layer having a rela-
tively smaller refractive index are sequentially disposed.
[0115] The optical multilayer film may further include
another pair of optical layers in which an optical layer
having a relatively larger refractive index and an optical
layer having a relatively smaller refractive index are sequen-
tially disposed.

[0116] A difference of the refractive indexes of the optical
layer having a relatively larger refractive index and the
optical layer having a relatively smaller refractive index may
be between 0.01 and 0.6.

[0117] The organic light emitting display device may
further include a functional layer on the organic light emit-
ting layer and configured to reduce separation due to a
difference of expansion coefficients of the optical multilayer
film and the organic light emitting layer.

[0118] The organic light emitting display device may
further include an atomic deposition layer which is contact
with an upper portion or a lower portion of the optical
multilayer film.

[0119] According to yet another aspect of the present
disclosure, an organic light emitting display device includes:
an organic light emitting element including a cathode and an
optical multilayer film deposited a first optical layer and a
second optical layer in order on the organic light emitting
element. Herein, a refractive index of the first optical layer
is larger than a refractive index of the second optical layer.
Therefore, in addition to primary interference, secondary
interference is generated in the optical multilayer film to
reduce the color shift depending on a viewing angle and
improve efficiency of the organic light emitting element.
[0120] The refractive index of the first optical layer may
be larger than a refractive index of the cathode.

[0121] The optical multilayer film may further include a
third optical layer and the refractive index of the second
optical layer may be smaller than a refractive index of the
third optical layer.

[0122] The optical multilayer film may further include a
fourth optical layer and the refractive index of the third
optical layer may be larger than a refractive index of the
fourth optical layer.

[0123] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
organic light emitting display device of the present disclo-
sure without departing from the spirit or scope of the
disclosure. Thus, it is intended that the present disclosure
cover the modifications and variations of this disclosure
provided they come within the scope of the appended claims
and their equivalents.

What is claimed is:

1. An organic light emitting display device, comprising:

an organic light emitting element including a cathode, an
anode, and an organic light emitting layer; and

an optical multilayer film on the organic light emitting
element,

wherein the optical multilayer film is constructed such
that a full width at half maximum of light emitted from
the organic light emitting element is larger than a full
width at half maximum of light emitted from a structure
in which the optical multilayer film is not used.
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2. The organic light emitting display device according to
claim 1, further comprising:

a passivation layer on the optical multilayer film.

3. The organic light emitting display device according to
claim 2, further comprising:

an organic layer between the optical multilayer film and

the passivation layer.

4. The organic light emitting display device according to
claim 2, wherein the optical multilayer film includes three
optical layers having different refractive indexes.

5. The organic light emitting display device according to
claim 4, wherein the three optical layers are deposited as a
first optical layer, a second optical layer, and a third optical
layer in order on the cathode and a refractive index of the
second optical layer is smaller than those of the first optical
layer and the third optical layer.

6. The organic light emitting display device according to
claim 1, wherein the optical multilayer film includes four
optical layers and refractive indexes of odd-numbered
deposited optical layers from the cathode among the four
optical layers are larger than those of even-numbered depos-
ited optical layers.

7. The organic light emitting display device according to
claim 6, wherein a thickness of the last deposited optical
layer among the four optical layers is between 100 nm and
5000 nm.

8. The organic light emitting display device according to
claim 1, further comprising:

an insulating layer on the organic light emitting element,

and

wherein a thickness of the insulating layer is less than 5

nm.

9. The organic light emitting display device according to
claim 1, wherein the optical multilayer film includes a
plurality of optical layers and an optical layer having a
relatively small refractive index among the plurality of
optical layers is formed of silicon oxynitride (SiON).

10. The organic light emitting display device according to
claim 1, further comprising:

an atomic deposition layer above or below the optical

multilayer film.

11. An organic light emitting display device, comprising:

an organic light emitting element including a cathode, an

anode, and an organic light emitting layer; and

an optical multilayer film including a plurality of optical

layers on the organic light emitting element,

wherein the optical multilayer film is configured to cause

a weak microcavity effect.

12. The organic light emitting display device according to
claim 11, wherein the optical multilayer film includes a pair
of optical layers in which an optical layer having a relatively
larger refractive index and an optical layer having a rela-
tively smaller refractive index are sequentially disposed.

13. The organic light emitting display device according to
claim 12, wherein the optical multilayer film further
includes another pair of optical layers in which an optical
layer having a relatively larger refractive index and an
optical layer having a relatively smaller refractive index are
sequentially disposed.

14. The organic light emitting display device according to
claim 12, wherein a difference of the refractive indexes of
the optical layer having a relatively larger refractive index
and the optical layer having a relatively smaller refractive
index is between 0.01 and 0.6.
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15. The organic light emitting display device according to
claim 11, further comprising:

a functional layer on the organic light emitting layer and
configured to reduce separation due to a difference of
expansion coefficients of the optical multilayer film and
the organic light emitting layer.

16. The organic light emitting display device according to

claim 11, further comprising:

an atomic deposition layer which is contact with an upper
portion or a lower portion of the optical multilayer film.

17. An organic light emitting display device, comprising:

an organic light emitting element including a cathode; and

an optical multilayer film in which a first optical layer and
a second optical layer are sequentially deposited on the
organic light emitting device,

wherein a refractive index of the first optical layer is
larger than a refractive index of the second optical
layer.

18. The organic light emitting display device according to
claim 17, wherein the refractive index of the first optical
layer is larger than a refractive index of the cathode.

19. The organic light emitting display device according to
claim 18, wherein the optical multilayer film further
includes a third optical layer and the refractive index of the
second optical layer is smaller than a refractive index of the
third optical layer.

20. The organic light emitting display device according to
claim 19, wherein the optical multilayer film further
includes a fourth optical layer and the refractive index of the
third optical layer is larger than a refractive index of the
fourth optical layer.
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