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(57) ABSTRACT

An organic light-emitting display (OLED) apparatus
includes an organic light-emitting device including an
anode, an organic light-emitting layer, and a cathode. The
OLED apparatus also includes an encapsulation element
covering the organic light-emitting device, and a particular
layer disposed between the organic light-emitting device and
the encapsulation element. The particular layer is doped with
a light absorption material that absorbs light having a
wavelength shorter than a wavelength of light emitted from
the organic light-emitting device so that variation in char-
acteristics of the organic light-emitting device by external
light is reduced. Accordingly, the lifespan of the OLED

HOIL 51/52 (2006.01) apparatus can be improved.
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ORGANIC LIGHT-EMITTING DISPLAY
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the priority of Republic of
Korea Patent Application No. 10-2015-0168579 filed on
Nov. 30, 2015, in the Republic of Korea Intellectual Prop-
erty Office, the disclosure of which is incorporated herein by
reference in its entirety.

BACKGROUND
[0002] Technical Field
[0003] The present disclosure relates to an organic light-

emitting display (OLED) apparatus.

[0004] Description of the Related Art

[0005] An organic light-emitting display (OLED) appara-
tus is a self-luminance display apparatus and is emerging as
the next generation display device. Specifically, an OLED
apparatus utilizes the phenomenon that holes injected from
an anode and electrons injected from a cathode recombine in
an emission layer to form excitons, and light of a particular
wavelength is generated as energy is released when the
excitons relax from an excited state to the ground state.
[0006] An OLED apparatus, unlike a liquid-crystal display
(LCD) apparatus, does not require any additional light
source and thus there is an advantage in that it can be made
lighter and thinner. In addition, an OLED apparatus is
advantageous over an LCD apparatus in terms of viewing
angle, contrast ratio, response time, power consumption,
etc., and thus is being developed as the next generation
display apparatus.

SUMMARY

[0007] The present disclosure relates to an OLED appa-
ratus that includes a particular layer containing a light
absorption material between an organic light-emitting
device and an encapsulation element to thereby suppress
variation in characteristics of the organic light-emitting
device due to external light.

[0008] An OLED apparatus is very vulnerable to moisture
(H,0) and/or oxygen (O,). Specifically, if moisture or
oxygen permeates into the two electrodes and an organic
light-emitting device configured as an organic light-emitting
layer disposed between the two electrodes, the electrodes
maybe oxidized or the organic material may deteriorate,
such that a variety of defects such as a dark spot, pixel
shrinkage and the like may occur, thereby shortening the
lifespan. Pixel shrinkage refers to the defect that the inter-
face between the electrodes and the organic light-emitting
layer of a pixel is oxidized or deteriorates by permeation of
moisture or oxygen, such that the edge of the pixel becomes
dark. If the pixel shrinkage lasts for long hours, it may
develop to a dark spot that the pixel becomes black entirely,
thereby seriously affecting the reliability of the OLED
apparatus.

[0009] To solve such problems, a shield cap made of metal
or glass may be used to seal the side surfaces, or an adhesive
layer may be applied on the front surface of the organic
light-emitting device to seal the front surface. Alternatively,
a filler and a dam surrounding the filler may be used to seal
the side surfaces as well as the front surface, to protect the
OLED apparatus from moisture or oxygen.
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[0010] During a process of forming an encapsulation
element of an OLED apparatus by using any of the above-
described ways, a photo-curing process may be employed.
For example, in fabricating an OLED apparatus by using a
method of sealing the front surface, the front surface of an
adhesive layer made of a curable resin may be attached to a
lower substrate such that the adhesive layer seals an organic
light-emitting device formed on the lower substrate, and
then an encapsulation element may be cured and fixed via an
irradiation process with ultraviolet rays or the like. Or, in
fabricating an OLED apparatus by using a method of sealing
the side surfaces and the front surface, the filler sealing the
front surface of the organic light-emitting device or the dam
surrounding the filler may also be cured and fixed via an
irradiation process.

[0011] The present inventors recognized that there is a
problem during the irradiation process in fabricating OLED
apparatus in that the organic light-emitting device may be
damaged. Specifically, when light such as ultraviolet ray is
irradiated onto an OLED apparatus for fixing the encapsu-
lation element, the organic material of the organic light-
emitting device may be damaged by the ultraviolet rays,
resulting in increase in the driving voltage and decrease in
the lifespan of the OLED apparatus.

[0012] Further, in some applications or implementations,
if an OLED apparatus is exposed to a particular external
environment such as sun light for long hours (as for auto-
mobile or vehicle dashboard displays), the organic light-
emitting device may be damaged. As a result, the lifespan of
the OLED apparatus may be shortened.

[0013] In view of the above, an object of the present
disclosure is to provide an OLED apparatus with improved
driving voltage and lifespan by forming a particular layer
containing a light absorption material on an organic light-
emitting device to thereby reduce damage to the organic
light-emitting device by irradiation during a processing step
or by exposure to external environment such as sun light.
[0014] Another object of the present disclosure is to
provide an OLED apparatus with improved reliability by
doping a light absorption material into a particular layer that
is disposed to be in contact with a cathode of an organic
light-emitting device to thereby reduce damage to the
organic light-emitting device by external light or damage to
the cathode by moisture H,O or oxygen O,.

[0015] It should be noted that objects of the present
disclosure are not limited to the above-described objects,
and other objects of the present disclosure will be apparent
to those skilled in the art from the following descriptions.
[0016] According to an aspect of the present disclosure,
there is provided an organic light-emitting diode (OLED)
apparatus including an organic light-emitting device includ-
ing an anode, an organic light-emitting layer, and a cathode.
The OLED apparatus also includes an encapsulation element
covering the organic light-emitting device, and a particular
layer disposed between the organic light-emitting device and
the encapsulation element. The particular layer comprises a
light absorption material that absorbs light having a wave-
length shorter than a wavelength of light emitted from the
organic light-emitting device so that variation in character-
istics of the organic light-emitting device by external light is
reduced.

[0017] According to another aspect of the present disclo-
sure, there is provided an organic light-emitting display
(OLED) apparatus including, an organic light-emitting
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device disposed on a substrate and including an anode, an
organic light-emitting layer, and a cathode. The OLED
apparatus also includes a particular layer disposed on the
organic light-emitting device to cover the cathode, wherein
the particular layer contains a light absorption material.
[0018] According to an exemplary embodiment of the
present disclosure, a particular layer containing a light
absorption material is disposed between an organic light-
emitting device and an encapsulation element, such that the
organic light-emitting device can be protected from light
irradiated during a process of curing the encapsulation
element or from external light such as sun light. Accord-
ingly, it is possible to improve the problem that the driving
voltage of the OLED apparatus is increased and accordingly
the lifespan of the OLED apparatus can be improved.
[0019] According to an exemplary embodiment of the
present disclosure, a particular layer including a light
absorption material comes in contact with a cathode of an
organic light-emitting device, such that it is possible to
suppress the cathode from being oxidized by moisture or
oxygen while improving the problem that the organic light-
emitting device is damaged by external light. Accordingly,
the driving voltage and lifespan of the OLED apparatus can
be improved.

[0020] According to an exemplary embodiment of the
present disclosure, the light absorption material is contained
in a particular layer outside the organic light-emitting
device, such that it is possible to avoid the problem that the
mobility of the charges of the organic light-emitting device
becomes lowered, compared to the structure in which the
light absorption material is doped into some organic layers
inside the organic light-emitting device. As a result, it is
possible to suppress degradation in characteristics of the
organic light-emitting device by the light absorption mate-
rial while reducing damage to the organic light-emitting
device by the external light.

[0021] It should be noted that effects of the present dis-
closure are not limited to those described above and other
effects of the present disclosure will be apparent to those
skilled in the art from the following descriptions.

[0022] This summary is not to specify essential features of
the appended claims, and thus the scope of the claims is not
limited thereby.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The above and other aspects, features and other
advantages of the present disclosure will be more clearly
understood from the following detailed description taken in
conjunction with the accompanying drawings, in which:
[0024] FIG. 1 is a cross-sectional view of an OLED
apparatus according to an exemplary embodiment of the
present disclosure;

[0025] FIG. 2 is an enlarged cross-sectional view of por-
tion A of FIG. 1 according to an exemplary embodiment of
the present disclosure;

[0026] FIG. 3 is a graph showing driving voltages of an
OLED apparatus with a light absorption material doped into
an organic light-emitting layer inside an organic light-
emitting device;

[0027] FIG. 4 is a graph showing driving voltages of an
OLED apparatus measured by varying the amount of the
light absorption material doped into a particular layer with/
without light irradiation according to an exemplary embodi-
ment of the present disclosure; and
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[0028] FIG. 5 is a graph for illustrating the lifespan of an
OLED apparatus by varying the amount of the light absorp-
tion material doped into a particular layer with/without light
irradiation according to an exemplary embodiment of the
present disclosure.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0029] Advantages and features of the present disclosure
and methods to achieve them will become apparent from the
descriptions of exemplary embodiments hereinbelow with
reference to the accompanying drawings. However, the
present invention is not limited to exemplary embodiments
disclosed herein but may be implemented in various differ-
ent ways. The exemplary embodiments are provided for
making the disclosure of the present invention thorough and
for fully conveying the scope of the present invention to
those skilled in the art. It is to be noted that the scope of the
present invention is defined by the claims.

[0030] The figures, dimensions, ratios, angles, the num-
bers of elements given in the drawings are merely illustra-
tive and are not limiting. Like reference numerals denote
like elements throughout the descriptions. Further, in
describing the present disclosure, descriptions on well-
known technologies may be omitted in order not to unnec-
essarily obscure the gist of the present disclosure.

[0031] It is to be noticed that the terms “comprising,”
“having,” “including” and so on, used in the description and
claims, should not be interpreted as being restricted to the
means listed thereafter unless specifically stated otherwise.
Where an indefinite or definite article is used when referring
to a singular noun, e.g. “a,” “an,” “the,” this includes a plural

of that noun unless specifically stated otherwise.

[0032] In describing elements, they are interpreted as
including error margins even without explicit statements.

[0033] In describing positional relationship, such as “an
element A on an element B,” “an element A above an
element B,” “an element A below an element B” and “an
element A next to an element B,” another element C may be
disposed between the elements A and B unless the term
“directly” or “immediately” is explicitly used.

[0034] In describing temporal relationship, terms such as
“after.” “subsequent to,” “next to” and “before” are not
limited to “directly after,” “directly subsequent to,” “imme-
diately next to” “immediately before,” and so on, unless

otherwise specified.

[0035] The terms first, second, third and the like in the
descriptions and in the claims are used for distinguishing
between similar elements and not necessarily for describing
a sequential or chronological order. Theses terms are used to
merely distinguish one element from another. Accordingly,
as used herein, a first element may be a second element
within the technical idea of the present disclosure.

[0036] The drawings are not to scale and the relative
dimensions of various elements in the drawings are depicted
schematically and not necessarily to scale.

[0037] Features of various exemplary embodiments of the
present disclosure may be combined partially or totally. As
will be clearly appreciated by those skilled in the art,
technically various interactions and operations are possible.
Various exemplary embodiments can be practiced individu-
ally or in combination.

»
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[0038] Hereinafter, exemplary embodiments of the present
disclosure will be described in detail with reference to the
accompanying drawings.

[0039] FIG. 1 is a cross-sectional view of an OLED
apparatus 100 according to an exemplary embodiment of the
present disclosure. FIG. 2 is an enlarged cross-sectional
view of portion A of FIG. 1 according to an exemplary
embodiment of the present disclosure.

[0040] Referring to FIGS. 1 and 2, an OLED apparatus
100 according to an exemplary embodiment of the present
disclosure includes a substrate 10, an organic light-emitting
device (ED), a particular layer 50, and an encapsulation
element 60.

[0041] The substrate 10 may be a flexible film made of
transparent glass or polyimide-based material.

[0042] The organic light-emitting device ED is disposed
on the substrate 10. At least one thin-film transistor and at
least one capacitor may be disposed on the substrate 10. The
at least one thin-film transistor may be connected to the
organic light-emitting device ED to supply a variety of
signals thereto.

[0043] Referring to FIGS. 1 and 2, the organic light-
emitting device ED includes an anode 20, a cathode 40 and
a light-emitting unit 30 therebetween. The light-emitting
unit 30 refers to all of organic layers or a stack of organic
layers disposed between the anode 20 and the cathode 40.
[0044] The anode 20 is disposed at every pixel and is
spaced apart from one another. The anode 20 is an electrode
that supplies or transports holes to the light-emitting unit 30.
The anode 20 may be a transparent layer made of transparent
conductive oxide (TCO) such as indium tin oxide (ITO),
indium zinc oxide (IZO) or the like. If the OLED apparatus
100 15 a top-emission OLED apparatus, the anode 20 may
further include a reflective layer so that the light emitted
from the light-emitting unit 30 is reflected off the anode 20
to exit toward the top side of the OLED more efficiently. For
example, the anode 20 may be made up of a stack of two
layers, i.e., a transparent layer and a reflective layer, or a
stack of three layers, i.e., a transparent layer, a reflective
layer, and a transparent layer. The reflective layer maybe
made of a metal material such as copper (Cu), silver (Ag),
palladium (Pd) and the like.

[0045] The cathode 40 is disposed on the light-emitting
unit 30 and is an electrode that supplies or transports
electrons to the light-emitting unit 30. The cathode 40 may
be made of a metal material such as silver (Ag), magnesium
(Mg) and an alloy of silver and magnesium (Ag:Mg), or a
TCO material such as ITO and 1Z0.

[0046] Referring to FIG. 2, the light-emitting unit 30
between the anode 20 and the cathode 40 may have a stack
including a hole injecting layer 31, a hole transporting layer
32, an organic light-emitting layer 33, an electron transport-
ing layer 34, and an electron injecting layer 35 stacked on
one another in this order. However, such layers maybe
integrated together as one or more functionalities of one
layer may be combined into another layer.

[0047] The hole injecting layer 31 may facilitate injection
of holes from the anode 20 and may be made of, but is not
limited to, MTDATA(4.4' 4"-tris(3-methylphenylphe-
nylamino)triphenylamine), CuPc(copper phthalocyanine) or
PEDOT/PSS(poly(3,4-ethylenedioxythiophene),  polysty-
rene sulfonate).

[0048] The hole transporting layer 32 may facilitate trans-
portation of holes supplied or transported from the anode 20
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to the organic light-emitting layer 33 and may be made of,
but is not limited to, NPD(N,N'-bis(naphthalene-1-y1)-N,N'-
bis(phenyl)-2,2"-dimethylben zidine),
TPD(N,N'-bis-(3-methylphenyl)-N,N'-bis-(phenyl)-benzi-
dine) and spiro-TAD(2,2',7,7'-tetrakis(N,N-diphenylamino)-
9,9"-spirofluorene).

[0049] The organic light-emitting layer 33 emits light as
the holes supplied or transported from the anode 20 combine
with the electrons supplied or transported from the cathode
40 and may include at least one host and at least one dopant
for emitting light. For example, the organic light-emitting
layer 33 may include a dopant for emitting light of at least
one of red, green, blue, and yellow-green colors and may be
made up of a single layer or a plurality of layers depending
how the display device needs to be implemented.

[0050] The electron transporting layer 34 may facilitate
transportation of electrons supplied or transported from the
cathode 40 to the organic light-emitting layer 33 and may be
made of, but is not limited to,
PBD(2-(4-biphenyl)-5-(4-tert-butylphenyl)-1,3,4-oxadiaz-
ole),
TAZ(3-(4-biphenyl)-4-phenyl-5-tertbutylphenyl-1,2,4-triaz-
ole),

Liq(8-hydroxyquinolinolato-lithium),
BAlq(Bis(2-methyl-8-quinolinolate)-4-(phenylphenolato)
aluminium), and
TPBi(2,2',2'-(1,3,5-benzinetrivl)-tris(1-phenyl-1-H-benz-
imidazole).

[0051] The electron injecting layer 35 facilitates injection
of electrons from the cathode 40.

[0052] Referring to FIG. 1, a bank 70 may be disposed on
either end of the anode 20 for separating one pixel from
another. The bank 70 may be made of an organic material
such as, polyimide or photoacryl, but not limited thereto.
[0053] An encapsulation element 60 is disposed over the
substrate 10 to cover the organic light-emitting device ED.
The encapsulation element 60 may protect the organic
light-emitting element ED from external foreign matters,
impact, permeation of moisture (H,0), oxygen (O,), etc.
The encapsulation element 60 may be formed by applying
an adhesive layer on the substrate 10 and the front surface
of the organic light-emitting device ED or may consist of a
filler (or similar material) covering the organic light-emit-
ting device ED and a dam (or similar structure) surrounding
the filler. The encapsulation element 60 may include a
curable resin and may be made of at least one of epoxy,
phenol, amino, unsaturated polyester, rubber, polyimide,
silicone, acryl, vinyl, and olefin.

[0054] An upper substrate may be further disposed on the
encapsulation element 60. The upper substrate 100 may be
a flexible film made of glass, a metal material or polyimide-
based material depending on the design of the OLED
apparatus 100. The substrate 10 may be fixed to the upper
substrate by the encapsulation element 60.

[0055] As mentioned earlier, a photo-curing process may
be carried out during the process of forming the encapsu-
lation element 60 for protecting the organic light-emitting
device ED. Specifically, the encapsulation element 60 may
be disposed over the substrate 10 to seal the organic light-
emitting device ED, and then the encapsulation element 60
may be cured and fixed by performing a photo-curing
process with ultraviolet ray or the like. In doing so, the
light-emitting unit 30 of the organic light-emitting device
ED may be damaged unintentionally by the light irradiated
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onto the OLED apparatus 100. Further, in some applications
where the OLED apparatus 100 is exposed to external
environment such as sunlight for long hours, the organic
light-emitting device ED maybe damaged. If the organic
light-emitting device ED is damaged by the light, the driving
voltage of the OLED apparatus 100 is increased, such that
the lifespan of the OLED apparatus 100 may be shortened,
which is a serious problem.

[0056] According to an exemplary embodiment of the
present disclosure, by forming a particular layer 50 contain-
ing a light absorption material on the organic light-emitting
device ED, it is possible to suppress the organic light-
emitting device ED from being damaged by irradiation
during a processing step or by exposure to external envi-
ronment such as sun light, such as for displays in automotive
applications.

[0057] Specifically, as shown in FIG. 1, the particular
layer 50 is disposed between the organic light-emitting
device ED and the encapsulation element 60 and contains a
light absorption material so that variation in characteristics
of the organic light-emitting device ED by external light is
reduced. That is, if ultraviolet light is used in a processing
step or external light such as sun light is irradiated onto the
OLED apparatus 100, the light absorption material con-
tained in the particular layer 50 absorbs the external light to
thereby suppress the light from permeating the organic
light-emitting device ED.

[0058] As the particular layer 50 contains a light absorp-
tion material that absorbs light having a wavelength shorter
than a wavelength of the light emitted from the organic
light-emitting element ED, the particular layer 50 is config-
ured to absorb light emitted from the organic light-emitting
device ED as minimally as possible, whereas the external
light incident on the organic light-emitting device ED is
absorbed as much as possible.

[0059] For example, if light of blue, green, or red color is
emitted from the organic light-emitting device ED, the light
absorption material may absorb light having a wavelength
shorter than the wavelength of the light of blue, green, or red
color, e.g., approximately 420 nm or less. In other words, the
light absorption material may absorb light having a wave-
length of approximately 420 nm or less. Therefore, the
effects on the blue, green and red color lights, which are
emitted from the organic light-emitting device ED, due to
the light absorption material included in the particular layer
50 are minimized such that it is possible to avoid the
luminous efficiency of the OLED apparatus 100 from being
lowered. In addition, the light absorption material contained
in the particular layer 50 absorbs ultraviolet ray used in a
processing step or included in external light such as sun
light, such that it is possible to improve the problem that the
organic light-emitting device ED is damaged by the external
light.

[0060] For example, the light absorption material may be
one among: a hydroxy benzophenone-based compound; a
hydroxy phenylbenzotriazole-based compound; a hindered
amines-based compound; an organic metal compound con-
taining one metal of iron (Fe), nickel (Ni) and cobalt (Co);
a salicylate-based compound; a cinnamate derivative; a
resorcinol monobenzoates-based compound; an oxanilides-
based compound; a hydroxy benzoates-based compound; an
organic or inorganic pigment; carbon black; a coumarin-
based compound; a stilbene derivative; a benzoxazolyl-
based compound; a benzimidazolyl-based compound; a
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naphthylimide-based compound; a diaminostilbene sul-
fonate-based compound; a triazine stilbene-based com-
pound; a phenyl esters-based compound; a benzotriazol-
based compound; an S-triazine-based compound; a
hydroxyphenyl derivative of a benzoxazole-based com-
pound; a hexamethylphosphoric triamide-based compound;
a benzylidenmalonate-based compound; an aliphaticamin or
amino alcohol-based derivative; a nitroaromatic compound,
a substituted acrylonitrile-based compound; a ferrocene-
based compound; a nitrophenylazophenol-based compound;
an azo-based compound; a polyene-based polymer deriva-
tive; a piperidine-based compound; a piperidinyloxy-based
compound; a boron trifluoride-based compound; a thiadi-
azol-based compound; and a phosphonate-based compound.
[0061] The light absorption material may be doped into
the particular layer 50 at a concentration of 1 wt % (weight
percent) to 50 wt %. If the concentration is less than 1 wt %,
the particular layer 50 may fail to sufficiently absorb ultra-
violet rays used in a processing step or external light such as
sun light, such that the light may permeate into the organic
light-emitting device ED to damage the organic light-emit-
ting device ED. On the other hand, if the concentration is
greater than 50 wt %, the transmittance of light emitted from
the organic light-emitting device ED toward the top side of
the OLED apparatus 100, i.e., through the cathode 40 may
decrease, such that the luminous efficiency of the OLED
apparatus 100 may be lowered.

[0062] The particular layer 50 containing the light absorp-
tion material maybe deposited by vacuum deposition, like
the process used in forming the organic light-emitting device
ED.

[0063] As shown in FIGS. 1 and 2, the particular layer 50
doped with the light absorption material is configured to be
disposed between the organic light-emitting device ED and
the encapsulation element 60, and, particularly, to be in
contact with the cathode 40 of the organic light-emitting
device ED. In this manner, it is possible to suppress the
cathode 40 from being oxidized by moisture or oxygen.
Specifically, the particular layer 50 may be formed via a
deposition process like the light-emitting unit 30 and the
cathode 40 of the organic light-emitting device ED as
described above, and during the process, if the particular
layer 50 is formed to be in contact with the cathode 40, a
time interval between the process of forming the cathode 40
and the process of forming the particular layer 50 may be
very short. In other words, the time period after the cathode
40 is formed until the particular layer 50 is formed may be
very short. Accordingly, the particular layer 50 is configured
to be in contact with the cathode 40, and thus it is possible
to suppress the problem that the cathode 40 of the organic
light-emitting device ED is exposed to the atmosphere
during the time interval until the organic light-emitting
device ED on the substrate is sealed by the encapsulation
element 60 and is oxidized by moisture (H,O) or oxygen
(O,). More preferably, as shown in FIG. 1, the particular
layer 50 may cover the cathode 40 completely, thereby
protecting the cathode 40 from moisture (H,O) or oxygen
(O,) more efficiently.

[0064] As described above according to an exemplary
embodiment of the present disclosure, the OLED apparatus
100 includes the particular layer 50 between the organic
light-emitting device ED and the encapsulation element 60,
which contains the light absorption material that absorbs
light having a wavelength shorter than the wavelength of the
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light emitted from the organic light-emitting device ED,
thereby suppressing oxidation of the cathode 40 by moisture
or oxygen or suppressing damage to the organic light-
emitting device ED by ultraviolet rays used in a processing
step or included in external light such as sun light.

[0065] FIG. 3 is a graph showing driving voltages of an
OLED apparatus with a light absorption material doped into
an organic light-emitting layer inside an organic light-
emitting device. Specifically, the OLED apparatus 100
according to the exemplary embodiment of the present
disclosure described above with reference to FIGS. 1 and 2
has the structure in which the particular layer 50 containing
the light absorption material is disposed between the organic
light-emitting device ED and the encapsulation element 60,
i.e., outside the organic light-emitting device ED. In con-
trast, FIG. 3 shows driving voltages of an OLED apparatus
having a structure in which light absorption material is
doped in an organic light-emitting device, i.e., in an organic
light-emitting layer of the organic light-emitting device.
[0066] Referring to FIG. 3, when there is no light absorp-
tion material (LAM) in the organic light-emitting layer EML
of the organic light-emitting device, the driving voltage is
approximately 4 V at the current density of 10 mA/cm®.
[0067] In addition, when light absorption material (LAM)
is doped into the organic light-emitting layer EML of the
organic light-emitting device at the concentration of 1 wt %,
the driving voltage is approximately 4.5 V at the current
density of 10 mA/cm?. That is, the driving voltage has been
increased by approximately 0.5 V compared to the organic
light-emitting device with no light absorption material in the
organic light-emitting layer EML.

[0068] In addition, when light absorption material (LAM)
is doped into the organic light-emitting layer EML of the
organic light-emitting device at the concentration of 10 wt
%, the driving voltage is approximately 8.8V at the current
density of 10 mA/cm?. That is, the driving voltage has been
increased by approximately 4.8V and 4.3 V compared to the
organic light-emitting device with no light absorption mate-
rial in the organic light-emitting layer EML and the organic
light-emitting device with the light absorption material
doped into the organic light-emitting layer EML at the
concentration of 1 wt %, respectively.

[0069] As mentioned earlier, the organic light-emitting
device emits light as holes and electrons supplied or trans-
ported from the two electrodes, respectively, are transported
to the organic light-emitting layer via a variety of organic
layers in the light-emitting unit and the holes and electrons
combine in the organic light-emitting layer. If the light
absorption material (LAM) is doped into some organic
layers of the organic light-emitting device, the light absorp-
tion material (LAM) disrupts movement of the holes and
electrons, i.e., electric charges, thereby deteriorating char-
acteristics of the organic light-emitting device. That is, as
can be seen from FIG. 3. as the amount of light absorption
material (LAM) doped into the organic light-emitting layer
EML of the organic light-emitting device increases, the
mobility of the electric charges in the organic light-emitting
device becomes lower by the light absorption material
(LAM), such that the driving voltage of the organic light-
emitting devices increases. Such increase in the driving
voltage of the organic light-emitting device may shorten the
lifespan of the OLED apparatus.

[0070] In view of this, according to an exemplary embodi-
ment of the present disclosure, the light absorption material
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is contained in a particular layer 50 outside the organic
light-emitting device ED, such that it is possible to avoid the
problem that the mobility of the charges of the organic
light-emitting device ED becomes lowered, compared to the
structure in which the light absorption material is doped into
some organic layers inside the organic light-emitting device
ED. As a result, it is possible to suppress an increase in the
driving voltage of the organic light-emitting device ED by
the light absorption material while reducing damage to the
organic light-emitting device ED by the external light.

[0071] FIG. 4 is a graph showing driving voltages of an
OLED apparatus 100 measured by varying the amount of the
light absorption material doped into a particular layer 50
with/without light irradiation according to an exemplary
embodiment of the present disclosure. FIG. 5 is a graph for
illustrating the lifespan of an OLED apparatus 100 by
varying the amount of the light absorption material doped
into a particular layer with/without light irradiation accord-
ing to an exemplary embodiment of the present disclosure.
Specifically, the particular layer PL of FIGS. 4 and 5 is one
that is disposed between the organic light-emitting device
ED and the encapsulation element 60 and is configured to be
in contact with the cathode 40 of the organic light-emitting
device, which is described above with reference to FIGS. 1
and 2.

[0072] Referring to FIG. 4, when there is no light absorp-
tion material (LAM) in the particular layer PL of the organic
light-emitting device, the driving voltage is approximately 5
V at the current density of 10 mA/cm? before irradiation
(indicated by Ref.). When light of the wavelength of 420 nm
that has the energy of 2.4 W/m? was irradiated onto the
organic light-emitting device with no light absorption mate-
rial (LAM) in the particular layer PL for approximately 100
hours, the driving voltage was increased to approximately
5.9 V at the current density of 10 mA/cm?. That is, the
driving voltage was increased by 0.9 V compared to that
before the irradiation. In addition, as shown in FIG. 5, in the
organic light-emitting device with no light absorption mate-
rial (LAM) in the particular layer PL, the luminance was
drastically dropped after approximately 104 hours. Further,
at approximately 128 hours, the luminance was dropped to
40% or less of the initial luminance. That is, in the organic
light-emitting device with no light absorption material
(LAM) in the particular layer PL, the organic light-emitting
device was damaged by the light such that the driving
voltage was increased. As a result, it can be seen that the
luminance of the OLED apparatus was dropped and thus the
lifespan was shortened.

[0073] Incontrast, when light of the wavelength of 420 nm
that has the energy of 2.4 W/m? was irradiated onto the
organic light-emitting device with the light absorption mate-
rial (LAM) doped into the particular layer PL at the con-
centration of 10 wt % for approximately 100 hours, the
driving voltage was approximately 5.2V at the current
density of 10 mA/cm®, as shown in FIG. 4. That is, the
driving voltage was increased by only 0.2V compared to that
before the irradiation. Similarly, when light of the wave-
length of 420 nm that has the energy of 2.4 W/m® was
irradiated onto the organic light-emitting device with the
light absorption material (LAM) doped into the particular
layer PL at the concentration of 20 wt % for approximately
100 hours, the driving voltage was approximately 5.2V at
the current density of 10 mA/cm® That is, the driving
voltage was increased by only 0.2V compared to that before
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the irradiation. In addition, as shown in FIG. 5, in the
organic light-emitting device with the light absorption mate-
rial (LAM) doped into the particular layer PL at the con-
centration of 10 wt % or 20 wt %, the luminance was rarely
dropped over time, unlike the organic light-emitting device
with no light absorption material (LAM) in the particular
layer PL. That is, in the organic light-emitting device with
the light absorption material (LAM) doped into the particu-
lar layer PL at the concentration of 10 wt % or 20 wt %, the
light absorption material (LAM) in the particular layer PL
absorbed external light, such that light rarely reached the
organic light-emitting device. As a result, it can be seen that
variation in the driving voltage of the organic light-emitting
device was suppressed. In addition, it can be seen that that
the luminance and the lifespan of the OLED apparatus have
been improved compared to the organic light-emitting
device with no light absorption material (LAM) in the
particular layer PL.

[0074] As described above, external light may affect the
characteristics of the organic light-emitting device, e.g., the
driving voltage. However, according to an exemplary
embodiment of the present disclosure, by doping the light
absorption material (LAM) into the particular layer PL
disposed between the organic light-emitting device and the
encapsulation element, the external light can be absorbed by
the light absorption material (LAM) to thereby reduce the
characteristics degradation of the organic light-emitting
device. That is, compared to the organic light-emitting
device having the structure in which the light absorption
material (LAM) is doped into some organic layers inside the
organic light-emitting device, the organic light-emitting
device having the structure according to exemplary embodi-
ments of the present disclosure can protect the organic
light-emitting device from external light without disrupting
movement of the electric charges in the organic light-
emitting device. As a result, it is possible to avoid problems
such as a decrease in the driving voltage, a drop in the
luminance, or shortening of the lifespan.

[0075] The exemplary embodiments of the present disclo-
sure can also be described as follows:

[0076] According to an aspect of the present disclosure,
there is provided an organic light-emitting display (OLED)
apparatus including an organic light-emitting device includ-
ing an anode, an organic light-emitting layer, and a cathode.
The OLED apparatus also includes an encapsulation element
covering the organic light-emitting device, and a particular
layer disposed between the organic light-emitting device and
the encapsulation element. The particular layer is doped with
a light absorption material that absorbs light having a
wavelength shorter than a wavelength of light emitted from
the organic light-emitting device so that variation in char-
acteristics of the organic light-emitting device by external
light is reduced.

[0077] The light absorption material may absorb light
having a wavelength equal to or less than 420 nm.

[0078] The light absorption material may be doped into
the particular layer 50 at a concentration of 1 wt % to 50 wt
%.

[0079] The particular layer may be in contact with the
cathode so as to suppress the cathode from being damaged
by moisture or oxygen.

[0080]
cathode.

The particular layer may completely cover the
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[0081] The light absorption material may be one of: a
hydroxy benzophenone-based compound; a hydroxy phe-
nylbenzotriazole-based compound; a hindered amines-based
compound; an organic metal compound containing one
metal of iron (Fe), nickel (Ni) and cobalt (Co); a salicylate-
based compound; a cinnamate derivative; a resorcinol
monobenzoates-based compound; an oxanilides-based com-
pound; a hydroxy benzoates-based compound; an organic or
inorganic pigment; carbon black; a coumarin-based com-
pound; a stilbene derivative; a benzoxazolyl-based com-
pound; a benzimidazolyl-based compound; a naphthylim-
ide-based compound; a diaminostilbene sulfonate-based
compound; a triazine stilbene-based compound; a phenyl
esters-based compound; a benzotriazol-based compound; an
S-triazine-based compound; a hydroxyphenyl derivative of a
benzoxazole-based compound; a hexamethylphosphoric tri-
amide-based compound; a benzylidenmalonate-based com-
pound; an aliphaticamin or amino alcohol-based derivative;
a nitroaromatic compound; a substituted acrylonitrile-based
compound; a ferrocene-based compound; a nitrophenylazo-
phenol-based compound; an azo-based compound; a poly-
ene-based polymer derivative; a piperidine-based com-
pound; a piperidinyloxy-based compound; a boron
trifluoride-based compound; a thiadiazol-based compound;
and a phosphonate-based compound.

[0082] According to another aspect of the present disclo-
sure, an organic light-emitting display (OLED) apparatus
includes an organic light-emitting device disposed on a
substrate and including an anode, an organic light-emitting
layer, and a cathode. The OLED apparatus also includes a
particular layer disposed on the organic light-emitting
device to completely cover the cathode, wherein the par-
ticular layer contains a light absorption material.

[0083] The particular layer may be disposed to be in
contact with the cathode, and the particular layer may be
configured to suppress the cathode from being oxidized by
moisture or oxygen and suppress the organic light-emitting
layer from being damaged by external light.

[0084] The light absorption material may absorb light
having a wavelength shorter than a wavelength of light
emitted from the organic light-emitting device.

[0085] The light absorption material may absorb light
having a wavelength equal to or less than 420 nm.

[0086] The light absorption material may be doped into
the particular layer 50 at a concentration of 1 wt % to 50 wt
%.

[0087] The light absorption material may be one of: a
hydroxy benzophenone-based compound; a hydroxy phe-
nylbenzotriazole-based compound; a hindered amines-based
compound; an organic metal compound containing one
metal of iron (Fe), nickel (Ni) and cobalt (Co); a salicylate-
based compound; a cinnamate derivative; a resorcinol
monobenzoates-based compound; an oxanilides-based com-
pound; a hydroxy benzoates-based compound; an organic or
inorganic pigment; carbon black; a coumarin-based com-
pound; a stilbene derivative; a benzoxazolyl-based com-
pound; a benzimidazolyl-based compound; a naphthylim-
ide-based compound; a diaminostilbene sulfonate-based
compound; a triazine stilbene-based compound; a phenyl
esters-based compound; a benzotriazol-based compound; an
S-triazine-based compound; a hydroxyphenyl derivative of a
benzoxazole-based compound; a hexamethylphosphoric tri-
amide-based compound; a benzylidenmalonate-based com-
pound; an aliphaticamin or amino alcohol-based derivative;
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a nitroaromatic compound; a substituted acrylonitrile-based
compound; a ferrocene-based compound; a nitrophenylazo-
phenol-based compound; an azo-based compound; a poly-
ene-based polymer derivative; a piperidine-based com-
pound; a piperidinyloxy-based compound; a boron
trifluoride-based compound; a thiadiazol-based compound;
and a phosphonate-based compound.

[0088] Thus far, exemplary embodiments of the present
disclosure have been described in detail with reference to the
accompanying drawings. However, the present disclosure is
not limited to the exemplary embodiments, and modifica-
tions and variations can be made thereto without departing
from the technical idea of the present disclosure. Accord-
ingly, the exemplary embodiments described herein are
merely illustrative and are not intended to limit the scope of
the present disclosure. The technical idea of the present
disclosure is not limited by the exemplary embodiments.
Therefore, it should be understood that the above-described
embodiments are not limiting but illustrative in all aspects.
The scope of protection sought by the present disclosure is
defined solely by the appended claims and all equivalents
thereof are construed to be within the true scope of the
present disclosure.

What is claimed is:

1. An organic light-emitting display (OLED) apparatus
comprising:

an organic light-emitting device comprising an anode, an
organic light-emitting layer, and a cathode;

an encapsulation element covering the organic light-
emitting device; and

a particular layer disposed between the organic light-
emitting device and the encapsulation element,

wherein the particular layer comprises a light absorption
material that absorbs light having a wavelength shorter
than a wavelength of light emitted from the organic
light-emitting device so that variation in characteristics
of the organic light-emitting device by external light is
reduced.

2. The OLED apparatus of claim 1, wherein the light
absorption material absorbs light having a wavelength equal
to or less than 420 nm.

3. The OLED apparatus of claim 1, wherein the particular
layer comprises the light absorption material at a concen-
tration of 1 wt % to 50 wt %.

4. The OLED apparatus of claim 1, wherein the particular
layer is in contact with the cathode so as to suppress the
cathode from being damaged by moisture or oxygen.

5. The OLED apparatus of claim 4. wherein the particular
layer covers the cathode.

6. The OLED apparatus of claim 1, wherein the light
absorption material is at least one among: a hydroxy ben-
zophenone-based compound;

a hydroxy phenylbenzotriazole-based compound; a hin-
dered amines-based compound; an organic metal com-
pound containing one metal of iron (Fe), nickel (Ni)
and cobalt (Co); a salicylate-based compound; a cin-
namate derivative; a resorcinol monobenzoates-based
compound; an oxanilides-based compound; a hydroxy
benzoates-based compound; an organic or inorganic
pigment; carbon black; a coumarin-based compound; a
stilbene derivative; a benzoxazolyl-based compound; a
benzimidazolyl-based compound; a naphthylimide-
based compound; a diaminostilbene sulfonate-based
compound; a triazine stilbene-based compound; a phe-
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nyl esters-based compound; a benzotriazol-based com-
pound; an S-triazine-based compound; a hydroxyphe-
nyl derivative of a benzoxazole-based compound; a
hexamethylphosphoric triamide-based compound; a
benzylidenmalonate-based compound; an aliphati-
camin or amino alcohol-based derivative; a nitroaro-
matic compound; a substituted acrylonitrile-based
compound; a ferrocene-based compound; a nitrophe-
nylazophenol-based compound, an azo-based com-
pound; a polyene-based polymer derivative; a piperi-
dine-based compound; a piperidinyloxy-based
compound; a boron trifluoride-based compound; a thia-
diazol-based compound; and a phosphonate-based
compound.

7. An organic light-emitting display (OLED) apparatus
comprising:

an organic light-emitting device disposed on a substrate,
the organic light-emitting device comprising an anode,
an organic light-emitting layer, and a cathode; and

a particular layer disposed on the organic light-emitting
device to cover the cathode, wherein the particular
layer contains a light absorption material.

8. The OLED apparatus of claim 7, wherein the particular
layer is disposed to be in contact with the cathode, and the
particular layer is configured to suppress the cathode from
being oxidized by moisture or oxygen and suppress the
organic light-emitting layer from being damaged by external

light.

9. The OLED apparatus of claim 7, wherein the light
absorption material absorbs light having a wavelength
shorter than a wavelength of light emitted from the organic
light-emitting device.

10. The OLED apparatus of claim 9, wherein the light
absorption material absorbs light having a wavelength equal
to or less than 420 nm.

11. The OLED apparatus of claim 7, wherein the particu-
lar layer comprises the light absorption material at a con-
centration of 1 wt % to 50 wt %.

12. The OLED apparatus of claim 7, wherein the light
absorption material is at least one among: a hydroxy ben-
zophenone-based compound; a hydroxy phenylbenzotriaz-
ole-based compound; a hindered amines-based compound,
an organic metal compound containing one metal of iron
(Fe), nickel (Ni) and cobalt (Co); a salicylate-based com-
pound; a cinnamate derivative; a resorcinol monobenzoates-
based compound; an oxanilides-based compound; a hydroxy
benzoates-based compound; an organic or inorganic pig-
ment; carbon black; a coumarin-based compound,; a stilbene
derivative; a benzoxazolyl-based compound; a benzimida-
zolyl-based compound; a naphthylimide-based compound; a
diaminostilbene sulfonate-based compound; a triazine stil-
bene-based compound; a pheny! esters-based compound; a
benzotriazol-based compound; an S-triazine-based com-
pound; a hydroxyphenyl derivative of a benzoxazole-based
compound; a hexamethylphosphoric triamide-based com-
pound; a benzylidenmalonate-based compound; an aliphati-
camin or amino alcohol-based derivative; a nitroaromatic
compound; a substituted acrylonitrile-based compound; a
ferrocene-based compound; a nitrophenylazophenol-based
compound; an azo-based compound; a polyene-based poly-
mer derivative; a piperidine-based compound; a piperidiny-
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loxy-based compound; a boron trifluoride-based compound,
a thiadiazol-based compound; and a phosphonate-based
compound.
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