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B/A

An organic light-emitting display (OLED) device includes: a
lower substrate; an organic light-emitting element disposed
on the lower substrate; an anti-oxidation layer covering the
organic light-emitting element; an inorganic oxide encapsu-
lation layer covering the anti-oxidation layer; a first organic
layer covering the inorganic oxide encapsulation layer; and a
first inorganic encapsulation layer covering the first organic
layer. The anti-oxidation layer is configured to suppress the
organic light-emitting element from being oxidized by oxy-
gen (O,) plasma at least in a pixel area.
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ORGANIC LIGHT-EMITTING DISPLAY
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority of Korean Patent
Application No. 10-2014-0149932 filed on Oct. 31, 2014,
which is hereby incorporated by reference for all purposes as
if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic light-
emitting display (OLED) device. More specifically, the
present invention relates to an OLED device including an
anti-oxidation layer for suppressing an organic light-emitting
element from being damaged by oxygen (O,) plasma gener-
ated during a process of forming a transparent encapsulation
layer to protect the organic light-emitting element.

[0004] 2. Discussion of the Related Art

[0005] As the era of information technology has truly
begun, the field of display devices has been rapidly growing,
representing information in electrical signals in the form of
visual images. In accordance with this, research is ongoing
into various display devices, which need to be made thinner,
lighter and more efficient in terms of power consumption.
Display devices include a liquid crystal display (LCD)
device, a plasma display panel (PDP) device, a field emission
display (FED) device, an electro-wetting display (EWD)
device, and an organic light emitting display (OLED) device,
etc.

[0006] An OLED device is cable of producing light on its
own (self-emissive). Thus, the OLED devices does not
require an additional light source, unlike a liquid crystal dis-
play (LCD) device. Therefore, an OLED device can be made
lighter and thinner than an LCD device. Further, an OLED
device has advantages in that it is driven with low voltage to
consume less power, and can present vivid colors, has fast
response time, wide viewing angle and infinite contrast ratio
(CR). For these reasons, an OLED device is currently con-
sidered as the next generation display device.

[0007] For a top-emission OLED device, a transparent
electrode or a transflective (or a translucent or a semi-trans-
parent) electrode is employed as a cathode in order to pass
light generated (oremitted) in the organic light-emitting layer
upwardly (i.e. towards the top) through the cathode. In addi-
tion, in order to ensure reliability of an OLED device, an
encapsulation unit is formed on the organic light-emitting
element including an organic light-emitting layer. Such layer
is for protecting the organic light-emitting element from oxy-
gen, moisture or physical impact or foreign matters (e.g.,
particles, debris or dust) possibly created during manufactur-
ing process. In a top emission type OLED device, a glass
encapsulation substrate or a thin-film encapsulation structure
(encapsulation unit) in which an inorganic encapsulation
layer and an organic layer are alternately stacked on one
another for suppressing moisture permeation, etc. may be
used as the encapsulation unit.

[0008] Such a thin-film encapsulation structure can reduce
the thickness of flexible OLED devices, and thus much
research is being conducted to improve thin-film encapsula-
tion structures. Unfortunately, as an encapsulation unit is
formed after an organic light-emitting element is formed,
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certain process constraints exist. For example, an encapsula-
tion unit cannot be formed by a process carried out at a high
temperature since the organic light-emitting layer would then
be subject to undesirably high heat.

[0009] In addition, an inorganic encapsulation layer can
effectively suppress oxygen and moisture permeation, but
cracks or seams may occur in the inorganic encapsulation
layer due to foreign matters or level differences (i.e. discon-
tinuities caused by various step levels).

[0010] An organic layer planarizes the level difference
(e.g., steps, tapers, or contact holes) made by a bank or a
spacer and compensate foreign matters by covering cracks
and seams at an inorganic encapsulation layer. However,
despite such planarizing efforts, the organic layer cannot fully
suppress oxygen and moisture permeation, and some amount
of oxygen and moisture still permeate through the organic
layer.

SUMMARY OF THE INVENTION

[0011] The inventor of the application has noted the fact
that various kinds of foreign matter (debris) are created dur-
ing a process of forming an organic light-emitting element on
a substrate. Such foreign matter may occur due to different
causes. For example, particles of organic materials used in
forming an organic light-emitting element may adhere to one
another to create foreign matter. Or, some metal particles are
dislodged while depositing a cathode may adhere to one
another to create foreign matter.

[0012] Such foreign matter typically have a size of 1 m or
greater. In addition, such foreign matter may float around and
ultimately rest on an organic light-emitting element, a bank or
a spacet, causing defects thereto. For a top emission OLED
device, acathode has to be transparent and thus is formed very
thin (e.g., the cathode is typically thinner than the size of
debris particles). Accordingly, foreign matter may lead to
cracks in the cathode. As a result, moisture may permeate
through the cracks in the cathode to reach the organic light-
emitting element.

[0013] The inventor of the application has looked into
forming an encapsulation unit that protects an organic light-
emitting element by a typical atomic layer deposition (ALD)
method. For example, forming an encapsulation layer made
of aluminum oxide (e.g., Al,O;), which is advantageous for
thin, flexible display devices, has been considered. In such
typical ALD method, oxygen (O,) plasma used in forming the
encapsulation layer oxidizes an organic light-emitting ele-
ment via cracks or seams caused by foreign matter. Once an
organic light-emitting element is oxidized, the organic light-
emitting element is damaged and cannot emit light anymore.
[0014] In view of the above, the inventor has invented an
organic light-emitting display device having a novel structure
capable of eliminating an oxygen permeation path caused by
cracks or seams even if cracks or seams occurin a cathode due
to foreign matter.

[0015] In view of the above, an object of the present dis-
closure is to provide an OLED device that is capable of
overcoming problems occurring when an encapsulation unit
is formed by the ALD, wherein organic light-emitting ele-
ment is oxidized by oxygen (O,) plasma. Such issue is effec-
tively resolved by employing an anti-oxidation layer capable
of blocking oxygen and moisture permeation paths created by
cracks or seams that may undesirably form at the cathode.
Here, the anti-oxidation layer should not include any oxygen
atoms.
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[0016] TItshould be noted that objects of the present disclo-
sure are not limited to the above-described object, and other
objects of the present disclosure will be apparent to those
skilled in the art from the following descriptions.

[0017] According to an aspect of the present disclosure,
there is provided an organic light-emitting display (OLED)
device including: a lower substrate; an organic light-emitting
element on the lower substrate; an anti-oxidation layer con-
figured to cover the organic light-emitting element; an inor-
ganic oxide encapsulation layer configured to cover the anti-
oxidation layer; a first organic layer configured to cover the
inorganic oxide encapsulation layer; and a first inorganic
encapsulation layer configured to cover the first organic layer.
The anti-oxidation layer configured to suppress the organic
light-emitting element from being oxidized by oxygen (O,) at
least in a pixel area.

[0018] The inorganic oxide encapsulation layer (e.g., an
inorganic layer including oxygen atoms) and the first inor-
ganic encapsulation layer are configured to be in contact with
each other in a bezel area to seal the first organic layer
[0019] The anti-oxidation layer may be made of silicon
nitride or silicon oxynitride.

[0020] The organic light-emitting element may include a
cathode, and the anti-oxidation layer may block an oxygen
and moisture permeation path created by cracks of the cath-
ode.

[0021] The OLED device may further include: a capping
layer on the organic light-emitting element. The cathode may
be disposed under the capping layer, and the anti-oxidation
layer may block an oxygen and moisture permeation path
created by cracks of the capping layer.

[0022] Theanti-oxidation layer may have a thickness 0f0.1
um to 0.9 pm.
[0023] The inorganic oxide encapsulation layer may be

formed by atomic layer deposition (ALD) using oxygen (O,)
plasma.

[0024] Theinorganic oxide encapsulation layer may have a
thickness of 200 A to 1,500 A

[0025] The inorganic oxide encapsulation layer may be
made of aluminum oxide (Al,0;), zinc oxide (ZnO) or tita-
nium oxide (TiO).

[0026] The first organic layer may be made of a polymer
resin and formed by screen printing, slit coating, ink-jet print-
ing, electric spray coating or chemical vapor deposition.
[0027] The OLED device may be a top-emission, type flex-
ible display device.

[0028] The inorganic oxide encapsulation layer may cover
the pixel area and the bezel area, and the first organic layer
may be disposed to cover the pixel area and to be extended to
cover a portion of the bezel area.

[0029] The OLED may further include: a second inorganic
encapsulation layer configured to cover a second organic
layer disposed on the first inorganic encapsulation layer and
the second organic layer. The inorganic oxide encapsulation
layer and the second inorganic encapsulation layer come in
contact with each other in the bezel area to seal the first
organic layer and the second organic layer.

[0030] According to the present disclosure, when an inor-
ganic oxide encapsulation layer is formed by the ALD with
oxygen O, plasma, it is possible to suppress an organic light-
emitting element from being oxidized even if cracks occur in
a cathode.

[0031] It should be noted that effects of the present disclo-
sure are not limited to those described above and other effects
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of the present disclosure will be apparent to those skilled in
the art from the following descriptions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] 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:
[0033] FIG. 1 is a schematic plan view of an organic light-
emitting display (OLED) device according to an exemplary
embodiment of the present disclosure;

[0034] FIG. 2isa cross-sectional view of the OLED device,
taken along line II-IT' of FIG. 1,

[0035] FIG. 3 is a schematic cross-sectional view for illus-
trating a transparent encapsulation unit of an OLED device
according to an exemplary embodiment of the present disclo-
sure;

[0036] FIG. 4 is a schematic cross-sectional view for illus-
trating a transparent encapsulation unit of an OLED device
according to another exemplary embodiment of the present
disclosure; and

[0037] FIG. 5is a schematic cross-sectional view for illus-
trating a scenario where foreign matters are created in an
OLED device according to an exemplary embodiment of the
present disclosure.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0038] Advantages and features of the present disclosure
and methods to achieve them will become apparent from the
descriptions of exemplary embodiments herein below with
reference to the accompanying drawings. However, the
present disclosure is not limited to exemplary embodiments
disclosed herein but may be implemented in various different
ways. The exemplary embodiments are provided for making
the disclosure of the present disclosure thorough and for fully
conveying the scope of the present disclosure to those skilled
in the art. It is to be noted that the scope of the present
disclosure can be defined by the claims.

[0039] The figures, dimensions, ratios, angles, numbers of
elements given in the drawings are merely illustrative and are
not limiting Like reference numerals denote like elements
throughout the descriptions. Further, in describing the present
disclosure, descriptions on certain technical matters may be
omitted in order not to obscure the gist of the present disclo-
sure. 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.

[0040] In describing elements, they are interpreted as
including error margins even without explicit statements.
[0041] 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.

[0042] As used herein, a phrase “an element A on an ele-
ment B” refers to that the element A may be disposed directly
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on the element B and/or the element A may be disposed
indirectly on the element B via another element C.

[0043] 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. These 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.

[0044] Like reference numerals denote like elements
throughout the descriptions.

[0045] Thedrawings are notto scaleand the relative dimen-
sions of various elements in the drawings are depicted sche-
matically and not necessarily to scale.

[0046] 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, various
technical interactions and linked operations are possible
among some or all elements of the embodiments. Various
exemplary embodiments can be practiced individually or in
combination.

[0047] Hereinafter, exemplary embodiments of the present
disclosure will be described in detail with reference to the
accompanying drawings.

[0048] FIG.11is a schematic plan view of an OLED device
according to an exemplary embodiment of the present disclo-
sure.

[0049] Referring to FIG. 1, a pixel area A/A refers to the
area where a plurality of pixels 111 are disposed. A pad area
P/A refers to the area where a plurality of pads are disposed.
A bezel area B/A refers to the area surrounding the pixel area
A/A.

[0050] In the pixel area A/A of the OLED device 100, the
plurality of pixels 111, a plurality of data lines 114 for deliv-
ering data signals generated in a data driver 115 to the plu-
rality of pixels 111, and a plurality of gate lines 112 for
delivering gate signals generated in a gate driver 113 to the
plurality of pixels 111 are disposed.

[0051] In the bezel area B/A of the OLED device 100, the
gate driver 113 for delivering gate signals to the plurality of
gate lines 112 and a common voltage line 116 for supplying a
common voltage Vss to a cathode of each of the plurality of
pixels are disposed. Some of the elements disposed in the
bezel area B/A may be extended to the pad area P/A.

[0052] InthepadareaP/A ofthe OLED device 100, the data
driver 115 for delivering image signals to the plurality of gate
lines 112 and the plurality of data lines 114 connected to the
data driver 115 are disposed. In the pad area P/A, a plurality
of pads is disposed. Other locations and implementations are
possible, depending upon circuitry layout and design.
[0053] An anisotropic conductive film (ACF) is applied in
the pad area P/A. The elements such as the data driver 115, a
flexible printed circuit (FPC), a cable or some other intercon-
nection means are attached on the pads by the anisotropic
conductive film.

[0054] A transparent encapsulation unit 130 covers the
bezel area B/A and the pixel area A/A. The transparent encap-
sulation unit 130 does not cover the pads formed on the pad
area P/A. Specifically, the transparent encapsulation unit 130
effectively suppresses the moisture permeation and also has
good electrical insulating property. Accordingly, if the trans-
parent encapsulation unit 130 covers the pad area P/A, a
problem may arise that the plurality of pads formed on the pad
area P/A is undesirably insulated.
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[0055] The plurality of pixels 111 is disposed on the lower
substrate 101. Each of the plurality of pixels 111 includes
sub-pixels emitting light of red, green and blue (RGB) colors,
respectively. Atleast one or each of the plurality of pixels 111
may further include a sub-pixel emitting light of white color.
Each of the sub-pixels may further include a color filter or
color refiner. Each of the plurality of pixels 111 is driven by
respective thin-film transistors connected to the plurality of
gate lines 112 and the plurality of data lines 114 crossing each
other.

[0056] The data driver 115 generates a gate start pulse and
aplurality of clock signals for driving the gate driver 113. The
data driver 115 converts a digital signal received from an
external source into an analog image signal by using gamma
voltages generated in a gamma voltage generating unit. The
converted image signal is delivered to the plurality of pixels
111 via the plurality of data lines 114. The data driver 115
may be attached on the plurality of pads disposed on the lower
substrate 101.

[0057] The gate driver 113 includes a plurality of shift
registers. Each of the shift registers is connected to the respec-
tive gate lines 112. The gate driver 113 receives the gate start
pulse (GSP) and the plurality of clock signals from the data
driver 115. As the shift registers in the gate driver 113 sequen-
tially shift the gate start pulse, each of the plurality of pixels
111 connected to the respective gate lines 112 1s activated.
[0058] The common voltage line 116 is disposed in the
bezel area B/A to apply the common voltage Vss to the
cathode. In the top emission OLED device 100, the cathode is
configured as a thin film for better transmissivity. Accord-
ingly, due to its thinness, the cathode has high electrical
resistance. As a result, voltage drop may occur across the
cathode and thus image quality may deteriorate. In order to
help relieve this problem, the common voltage line 116 is
disposed to surround the pixel area A/A. However, this is
merely illustrative, and the common voltage line 116 may be
formed on at least one side of the pixel area A/A. For the
OLED device 100 having a relatively large-sized screen (such
as for large screen TV products), auxiliary electrodes may be
additionally disposed within the active area A/A.

[0059] FIG. 2isa cross-sectional view of the OLED device,
taken along line II-IT' of FIG. 1.

[0060] Referringto FIG. 2, the OLED device 100 according
to the exemplary embodiment of the present disclosure
includes a lower substrate 101, a thin-film transistor 220
disposed on the lower substrate 101, an organic light-emitting
element 240 driven by the thin-film transistor 220, a gate
driver 113 formed in the bezel area B/A, a common voltage
line 116 formed in the bezel area B/A to apply the common
voltage Vss to a cathode 243, a connection part 260 connect-
ing the cathode 243 to the common voltage line 116, and a
transparent encapsulation unit 130 protecting the pixel area
A/A from moisture or oxygen.

[0061] The lower substrate 101 may be configured as a
flexible film made of plastic, (e.g., a polyimide-based mate-
rial), although other types of materials (such as glass, metal,
etc.) that can achieve the desired characteristics for a flexible
substrate can be used.

[0062] A back plate for supporting the OLED device 100
may be provided on the bottom surface of the lower substrate
101 so that the OLED device 100 is not too easily bent.
[0063] Further, multiple buffer layers respectively made of
silicon nitride SiN, and silicon oxide SiOx may be laminated
(stacked) and disposed between the lower substrate 101 and
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the thin-film transistor 220, thereby suppressing moisture
and/or oxygen from permeating through the substrate 101.
[0064] The thin-film transistor 220 includes an active layer
221, a gate electrode 222, a source electrode 223 and a drain
electrode 224. The active layer 221 (with its entirety or a
portion thereof acting as a channel region) is covered by a gate
insulating film 225. The gate electrode 222 is made of the
same material as the gate line 112 and is disposed on the gate
insulating film 225 over at least a portion of the active layer
221.

[0065] The gate electrode 222 is covered by an interlayer
insulating film 226 (or other type of insulator) formed on the
entire upper surface of the gate insulating film 225. The
interlayer insulating film 226 may be formed in a multi-
layered structure of silicon nitride and silicon oxide, but its
configuration is not limited as such.

[0066] The source electrode 223 and the drain electrode
224 are made of the same material as the data line 114 and are
formed on the interlayer insulating film 226 spaced apart
from each other. The source electrode 223 is connected to one
end ofthe active layer 221 via a first contacthole 2294 passing
through the gate insulating film 225 and the interlayer insu-
lating film 226. The drain electrode 224 overlaps (or covers)
at least the other end of the active layer 221 and is connected
to the active layer 221 via another first contact hole 229a
passing through the gate insulating film 225 and the interlayer
insulating film 226. Although the coplanar thin-film transistor
220 is used in this example, an inverted staggered thin-film
transistor may also be used.

[0067] A thin-film transistor insulating film 227 is formed
on the thin-film transistor 220. However, the thin-film tran-
sistor insulating film 227 is optional and thus may not need to
be formed on the thin-film transistor 220. The thin-film tran-
sistor insulating film 227 can also act to further block mois-
ture permeating through the thin-film transistor 220.

[0068] A planarization layer 228 is disposed on the thin-
film transistor insulating film 227. A second contact hole
2295 passes through the planarization layer 228 and the thin-
film transistor insulating film 227. The planarization layer
228 may be made of photo acrylic material having low dielec-
tric permittivity. The thickness of the planarization layer 228
can be between 2 um and 3.5 um. The planarization layer 228
reduces parasitic capacitance occurring among the anode
241, the thin-film transistor 220, the gate lines 112 and the
data lines 114 while providing a desired surface for the anode
241.

[0069] To amplify the luminous intensity, a lens-like layer
(e.g., micro lens array) may be additionally formed or
attached on the planarization layer 228 where the anode 241
is disposed.

[0070] The organic light-emitting element 240 includes an
anode 241, a cathode 243 facing the anode 241, and an
organic light-emitting layer 242 disposed therebetween. A
light-emitting area of the organic light-emitting layer 242
may be defined by a bank 244.

[0071] Theorganic light-emitting element 240 may be con-
figured to emit light of one of red, green and blue (RGB)
colors or may be configured to emit light of white color. For
the organic light-emitting element 240 emitting light of white
color, a color filter or color refiner may be additionally dis-
posed.

[0072] Theanode 241 is disposed on the planarization layer
227 in the light-emitting area of each of the pixels 111, and is
connected to the drain electrode 224 of the thin-film transistor
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220 via the second contact hole 2296 passing through the
planarization layer 228. The anode 241 is made of a metallic
material having a high work function. In order to exhibit
reflective property, the anode 241 may be made of a reflective
material or may include a reflective plate on its bottom sur-
face. The voltage at anode 241 corresponds to image signal
for displaying an image via the drain electrode 224.

[0073] Thebank 244 is disposed on the planarization layer
228 between non-emitting areas of the pixels 111 and can
have a tapered shape. The bank 244 overlaps (or covers) at
least a portion of the edge of the anode 241. The height of the
bank 244 is for example, between 1 um and 2 pm.

[0074] A spacer 245 may be formed on the bank 244. The
spacer 245 may be made of the same material as the bank 244.
Forexample, the bank 244 and the spacer 245 may be made of
polyimide. The space 245 may protect the organic light-
emitting element 240 from being damaged by a fine metal
mask (FMM) that comes in contact thereon and used in pat-
terning the organic light-emitting layer 242. The height of the
spacer 245 is for example, between 1.5 um and 2.5 pm. This
configuration allows damage on the organic light-emitting
element 240 during a process using a FMM to be reduced.
However, the spacer 245 is optional and thus may not be
formed on the bank 244. Such spacers may act to maintain a
desired gap or distance between the substrates.

[0075] As the bank 244 and the spacer 245 are made of
organic materials, oxygen and moisture can easily permeate
through them. Accordingly, if a crack (or other irregularity)
occurs in the cathode 243 formed on the bank 244 and the
spacer 245, portions of the organic light-emitting element 240
near the crack may be oxidized by oxygen permeating
through the bank 244 and the spacer 245. However, the spacer
245 can be optional and thus may be eliminated depending on
types of the organic light-emitting layer 242 of the organic
light-emitting element 240.

[0076] The organic light-emitting layer 242 is formed on
the anode 241. The cathode 243 is disposed facing the anode
241 with the organic light-emitting layer 242 therebetween.
The organic light-emitting layer 242 may be made of a phos-
phorescent material, a fluorescent material, combinations
thereof, or some other light emission material, and includes
an electron transporting layer (ETL), ahole transporting layer
(HTL), and a charge generating layer (CGL). Additional lay-
ers related to electron, hole, and charge characteristics may be
implemented. Also, various functions may be combined into
or integrated as a single layer.

[0077] The cathode electrode 243 is made of a very thin,
metallic material having a low work function or a transparent
conductive oxide (TCO). For the cathode 243 made of a
metallic material, its thickness may be 1,500 A or less, or 400
A orless. With a thickness within the above range, the cathode
243 is a substantially transflective layer, and thus a substan-
tially transparent layer. The common voltage Vss is applied to
the cathode 243.

[0078] A capping layer 246 (or some other equivalent func-
tional layer) is disposed on the cathode 243. The capping
layer 246 is employed to improve optical properties of the
organic light-emitting element 240. The capping layer 246
may be made of a material having a high refractive index. For
example, with the capping layer 246 having a refractive index
from 1.7t0 2.5, the luminous efficiency and the viewing angle
of the organic light-emitting element 240 can be improved.
The thickness of the capping layer 246 may be between 100 A
and 1,000 A. The capping layer 246 may be made of a tran-
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sition metal such as Ag, Au, Fe, Ni, Cu, Zn and Cr. Although
the capping layer 246 is included in the OLED device 100 in
FIG. 2, the capping layer 246 may be eliminated therefrom
depending upon the characteristics of the particular OLED
device or display application.

[0079] The gate driver 113 includes a plurality of thin-film
transistors. The plurality of thin-film transistors of the gate
driver 113 is formed together with the thin-film transistors
220 1inthe pixel area A/A during the same process. Therefore,
the thin-film transistors of the gate driver 113 will not be
described to avoid redundancy.

[0080] The common voltage line 116 may be made of the
same metal as the gate lines 112 and/or the data lines 114 as
a single layer or multiple layers.

[0081] The common voltage line 116 applies the common
voltage Vss to the cathode 243. The thin-film transistor insu-
lating layer 227 may be disposed on the common voltage line
116. The common voltage line 116 is disposed more to the
outside than the gate driver 113.

[0082] The connection part 260 may be disposed on the
planarization layer 228 above the gate driver 113. The con-
nection part 260 connects the common voltage line 116 to the
cathode 243. The connection part 260 may be made of the
same material as the anode 241.

[0083] The connection part 260 is connected to the com-
mon voltage line 116 along a sloped surface of one end of the
planarization layer 228. Ifthere is an insulating layer between
the connection part 260 and the common voltage line 116, the
connection part 260 is connected to the common voltage line
116 via a contact hole.

[0084] The cathode 243 is disposed on the bank 244 and/or
the spacer 245 to be extended to a part of the bezel area B/A.
The cathode 243 is connected to the connection part 260 in the
bezel area B/A where no bank is formed.

[0085] The operation of the above-described structure will
be described briefly. The gate electrode 222 of the thin-film
transistor 220 receives driving signals generated in the gate
electrode 113 via the gate line 112. Further, the conductivity
of the active layer 221 is varied in response to a signal applied
to the gate electrode 222. Then, an image signal applied to the
source electrode 223 via the active layer 221 is applied to the
anode 241. Then, the common voltage Vss is applied to the
cathode 243 and the organic light-emitting layer 242 emits
light, thereby displaying images.

[0086] Thus far, the structure with respect to the cross sec-
tion of the thin-film transistor 220 and the organic light-
emitting element 240 disposed in the bezel area B/A and the
pixel area A/A has been described.

[0087] Hereinafter, the transparent encapsulation unit 130
of the OLED device 100 according to an exemplary embodi-
ment of the present disclosure will be described. The trans-
parent encapsulation unit 130 includes an anti-oxidation layer
134, an inorganic oxide encapsulation layer 131, a first
organic layer 132 and a first inorganic encapsulation layer
133.

[0088] The anti-oxidation layer 134 is formed on the cap-
ping layer 246 in the pixel area A/A. Specifically, the anti-
oxidation layer 134 covers (or overlaps) the capping layer 246
at least in the pixel area A/A.

[0089] Ifno cappinglayeris formed onthe cathode 243, the
anti-oxidation layer 134 is directly disposed on and covers
(overlaps) the cathode 243.

[0090] The anti-oxidation layer 134 blocks oxygen and
moisture permeation paths created by cracks in the cathode
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243, and thereby suppresses the organic light-emitting ele-
ment 240 from being oxidized. The anti-oxidation layer 134
is formed using an inert gas such as nitrogen (N,), argon (Ar)
and helium (He) in order not to oxidize the organic light-
emitting element 240. By doing so, the organic light-emitting
element 240 is not oxidized during the process of forming the
anti-oxidation layer 134.

[0091] In forming the anti-oxidation layer 134, silicon
nitride (SiN,) or silicon oxynitride (SiON) are used. The
anti-oxidation layer 134 suppresses the organic light-emitting
element 240 from being oxidized when cracks occur in the
cathode 243. Accordingly, the anti-oxidation layer 134 can be
configured as thin as possible, as long as oxidation by oxygen
O, plasma (or due to other sources) can be suppressed. For
example, the anti-oxidation layer 134 may have a thickness of
1 pum or less. For example, the anti-oxidation layer 134 may
have a thickness between 0.1 pm and 0.9 pm. In particular, if
the anti-oxidation layer 134 has a thickness of 0.9 um or
greater, the anti-oxidation layer 134 is less flexible and cracks
are more easily occurred therein. Accordingly, for imple-
menting a flexible display device, it is desirable to make the
thickness of the anti-oxidation layer 134 as small as possible
as long as the organic light-emitting element 240 can be
effectively suppressed from being oxidized. The particular
thickness can be set in view of the trade-off in performance
depending upon the desired characteristics of the OLED
device in the final product. For example, a smartphone or
table having a foldable form-factor may require better flex-
ibility, while a minimum level of anti-oxidation would be
sufficient. Alternatively, an OLED product in an environment
more prone to oxygen permeation (e.g. outdoor advertise-
ment display, vehicle display screens, etc.) may be configured
with a relatively thicker anti-oxidation layer, although some
amount of flexibility would be lost. The anti-oxidation layer
134 may be formed by the chemical vapor deposition (CVD).
In particular, as the CVD is performed in a short period of
deposition time, itis possible to reduce manufacturing time of
the OLED device 100.

[0092] By forming the inorganic oxide encapsulation layer
131 after the anti-oxidation layer 134 is formed, it is possible
to suppress the organic light-emitting element 240 from being
oxidized by oxygen (O,) plasma or other sources used during
the process of depositing the inorganic oxide encapsulation
layer 131.

[0093] The inorganic oxide encapsulation layer 131 is
made of aluminum oxide (Al,O;), zinc oxide (ZnO) or tita-
nium oxide (TiO). The inorganic oxide encapsulation layer
131 may be formed by the atomic layer deposition (ALD).
[0094] The thickness of the inorganic oxide encapsulation
layer 131 may be between 200 A to 1,500 A. In particular, the
inorganic oxide encapsulation layer 131 formed by the ALD
can effectively suppress moisture permeation even if it is
relatively thin. In addition, as the inorganic oxide encapsula-
tion layer 131 can be made relatively thin, it is advantageous
for implementation in thin and flexible display devices.
Moreover, as the inorganic oxide encapsulation layer 131 can
achieve high visible light transmissivity, it is appropriate for
top emission OLED devices.

[0095] The first organic layer 132 is disposed on the inor-
ganic oxide encapsulation layer 131. The first organic layer
132 may be made of a polymer resin. For example, acrylic or
epoxy resin may be used. Such polymer resin is flowable (due
to certain surface tension and fluid characteristics) and can
planarize (or flatten) the level (or layer height) difference
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caused by the bank 244 or the spacer 245. The first organic
layer 132 may be formed by screen printing, slit coating,
ink-jet printing, or electric spray coating.

[0096] The first organic layer 132 may have a thickness
between 3 pm and 20 um. For example, the first organic layer
132 may have a thickness between 5 pm and 10 pum. If the
thickness of the first organic layer 132 is 3 pm or less, some
portion may not be properly applied during screen printing
process, and thus undesirable pin holes appear. If the thick-
ness of the first organic layer 132 is 10 um or greater, the
flexible display device has reduced flexibility, thereby caus-
ing cracks to occur more easily when the device is bent or
flexed.

[0097] The first organic layer 132 may be made of silicon
oxycarbon (SiOC). Silicon oxycarbon has a carbon content of
1% to 50%. With a higher carbon content, the silicon oxycar-
bon becomes more flowable, so that it can easily cover (or
compensate for) foreign matter or debris particles and thus
exhibits better planarization. If the first organic layer 132 is
made of silicon oxycarbon, it has a thickness of 1.5 um to 3
pm.

[0098] The first inorganic encapsulation layer 133 may be
made of aluminum oxide (Al,O,), silicon nitride (SiN,), sili-
con oxide (SiOy), etc. or various combinations thereof. The
first inorganic encapsulation layer 133 may be formed by the
ALD or the CVD.

[0099] If the first inorganic encapsulation layer 133 is
formed by the ALD, the first inorganic encapsulation layer
133 may have a thickness of 200 A to 1,500 A.

[0100] If the first inorganic encapsulation layer 133 is
formed by the CVD, the first inorganic encapsulation layer
133 may have a thickness of 5,000 A to 15,000 A. In particu-
lar, since the CVD method requires a shorter period of depo-
sition time than the ALD method, it is advantageous for
forming relatively thick films and mass production can be
more easily achieved.

[0101] Theinorganic oxide encapsulation layer 131 and the
first inorganic encapsulation layer 133 come in contact with
each other in the bezel area B/A, to seal the first organic layer
132. Accordingly, the first organic layer 132 is not directly
exposed to air, and thus no oxygen or moisture permeation
path is created.

[0102] FIG. 3 is a schematic cross-sectional view illustrat-
ing a transparent encapsulation unit of an OLED device
according to an exemplary embodiment of the present disclo-
sure.

[0103] For convenience of illustration, FIG. 3 only shows
the lower substrate 101, the organic light-emitting element
240 and the transparent encapsulation unit 130 of the OLED
device 100 according to the embodiment shown in FIGS. 1
and 2, and other elements are not illustrated merely for avoid-
ing redundancy.

[0104] The transparent encapsulation unit 130 (or some
other type of barrier against moisture, oxygen, impurities,
etc.) according to the exemplary embodiment of the present
disclosure includes the anti-oxidation layer 134, the inorganic
oxide encapsulation layer 131, the first organic layer 132 and
the first inorganic encapsulation layer 133.

[0105] Theanti-oxidation layer 134 covers at least the pixel
area A/A. Although the anti-oxidation layer is formed only in
the pixel area A/A in FIG. 3, the anti-oxidation layer 134 may
have the same area as the inorganic oxide encapsulation layer
133, i.e., it may be formed on the entire upper surface of the
substrate 101.

May 5, 2016

[0106] The inorganic oxide encapsulation layer 131 covers
the pixel area A/A and the bezel area B/A. This is, however,
merely illustrative. The inorganic oxide encapsulation layer
131 may not be formed at some portions of the bezel area B/A.
[0107] Thefirst organic layer 132 covers the pixel area A/A
and is extended to cover a part of the bezel area B/A.

[0108] The first inorganic encapsulation layer 133 covers
the first organic layer 132 and comes in contact with the
inorganic oxide encapsulation layer 131 in the bezel area B/A
to seal the first organic layer 132. Accordingly, the first
organic layer 132 is not directly exposed to air, and thus no
direct oxygen and moisture permeation path is created.
[0109] FIG. 4 is a schematic cross-sectional view for illus-
trating a transparent encapsulation unit of an OLED device
according to another exemplary embodiment of the present
disclosure.

[0110] A transparent encapsulation unit 430 of an OLED
device 400 according to this exemplary embodiment of the
present disclosure is a modification of the transparent encap-
sulation unit 130 of the OLED device 100 according to the
exemplary embodiment of the present disclosure in FIGS. 2
and 3.

[0111] Thetransparent encapsulation unit 430 of the OLED
device 400 according to this exemplary embodiment of the
present disclosure further includes a second organic layer 432
and a second inorganic encapsulation layer 437.

[0112] Thesecond organic layer 432 is disposed on the first
inorganic encapsulation layer 133 to cover the pixel area A/A
and to be extended to cover a part of the bezel area B/A.
[0113] Although the second organic layer 432 has the same
area as the first organic layer 132 in FIG. 4, the second organic
layer 432 may have a different or larger area than that of the
first organic layer 132. If the second organic layer 432 is
further extended toward the bezel area B/A from the end of
the first organic layer 132, the end of the second organic layer
432 becomes smoother, reducing cracks in the second inor-
ganic encapsulation layer 437.

[0114] The second inorganic encapsulation layer 437 cov-
ers the second organic layer 432 and comes in contact with the
first inorganic encapsulation layer 133 to seal the second
organic layer 432. Accordingly, the second organic layer 432
is not directly exposed to air, and thus no oxygen and moisture
permeation path is created.

[0115] The second inorganic encapsulation layer 437 may
be made of one of the materials usable for the first inorganic
encapsulation layer 133. The second inorganic encapsulation
layer 437 may be formed by one of the techniques for forming
the first inorganic encapsulation layer 133.

[0116] The elements of the OLED device 400 excluding
those described above are identical to those of the OLED
device 100; and, therefore, will not be described to avoid
redundancy.

[0117] This configuration allows the transparent encapsu-
lation unit 430 to more effectively suppress moisture perme-
ation by the second inorganic encapsulation layer 437 and the
second organic layer 432.

[0118] FIG. 5 is a schematic cross-sectional view illustrat-
ing a scenario where foreign matter (debris) particles are
created in an organic light-emitting element of an OLED
device according to an exemplary embodiment of the present
disclosure.

[0119] Referring to FIG. 5, foreign matter X is created on
the organic light-emitting element 240 and the bank 244.
Cracks may occur in the cathode 243 and the capping layer
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246 by the foreign matter X. Even so, oxygen permeation
paths are effectively blocked by the anti-oxidation layer 134.
That is, spaces made by the cracks in the cathode 243 and the
capping layer 246 are sufficiently filled with the anti-oxida-
tion layer 134, so that the organic light-emitting element 240
is not oxidized during the process of forming the inorganic
oxide encapsulation layer 131.
[0120] The elements of the OLED device 500 excluding
those described above are identical to those described above
with respect to the OLED device 100; and, therefore, will not
be described to avoid redundancy.
[0121] According to some embodiments ofthe present dis-
closure, a touch panel (or other types of touch screen related
structures ) may be disposed on the transparent encapsulation
unit. According to some embodiments of the present disclo-
sure, a barrier film may be disposed on the transparent encap-
sulation unit. According to some embodiments of the present
disclosure, a color filter or color refiner may be disposed on
the transparent encapsulation unit.
[0122] 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 modifications
and variations can be made thereto without departing from the
technical idea of the present disclosure. Accordingly, the
exemplary embodiments described herein are merely illustra-
tive 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. The scope of protec-
tion sought by the present disclosure is defined 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) device com-
prising:
a lower substrate;
an organic light-emitting element on the lower substrate;
an anti-oxidation layer configured to cover the organic
light-emitting element;
an inorganic oxide encapsulation layer configured to cover
the anti-oxidation layer;
a first organic layer configured to cover the inorganic oxide
encapsulation layer; and
afirst inorganic encapsulation layer configured to cover the
first organic layer,
wherein the anti-oxidation layer is configured to suppress
the organic light-emitting element from being oxidized
by oxygen (O,) at least in a pixel area.
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2. The OLED device of claim 1, wherein the inorganic
oxide encapsulation layer and the first inorganic encapsula-
tion layer are configured to be in contact with each other in a
bezel area to seal the first organic layer.

3. The OLED device of claim 2, wherein the anti-oxidation
layer is made of silicon nitride or silicon oxynitride.

4. The OLED device of claim 3, wherein the organic light-
emitting element comprises a cathode, and

wherein the anti-oxidation layer is configured to block an

oxygen and moisture permeation path created by cracks
of the cathode.

5. The OLED device of claim 4, further comprising a
capping layer on the organic light-emitting element,

wherein the cathode is disposed under the capping layer,

and

wherein the anti-oxidation layer is configured to block an

oxygen and moisture permeation path created by cracks
of the capping layer.

6. The OLED device of claim 4, wherein the anti-oxidation
layer has a thickness of 0.1 um to 0.9 um.

7. The OLED device of claim 4, wherein the inorganic
oxide encapsulation layer is formed by atomic layer deposi-
tion (ALD) using oxygen (O,) plasma.

8. The OLED device of claim 7, wherein the inorganic
oxide encapsulation layer has a thickness of 200 A to 1,500 A.

9. The OLED device of claim 6, wherein the inorganic
oxide encapsulation layer is made of aluminum oxide
(ALO,), zine oxide (ZnO) or titanium oxide (Ti0).

10. The OLED device of claim 1, wherein the first organic
layer is made of a polymer resin and is formed by screen
printing, slit coating, ink-jet printing, electric spray coating or
chemical vapor deposition.

11. The OLED device according to claim 4, wherein the
OLED device is a top-emission, flexible display device.

12. The OLED device of claim 1, wherein the inorganic
oxide encapsulation layer covers the pixel area and the bezel
area, and

wherein the first organic layer is disposed to cover the pixel

area and to be extended to cover a part of the bezel area.

13. The OLED device of claim 1, further comprising:

a second organic layer disposed on the first inorganic

encapsulation layer; and

asecond inorganic encapsulation layer configured to cover

the second organic layer,

wherein the inorganic oxide encapsulation layer and the

second inorganic encapsulation layer are configured to
come in contact with each other in the bezel area to seal
the first organic layer and the second organic layer.
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