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(57) ABSTRACT

An organic light emitting display apparatus includes a sub-
strate and includes an organic light emitting device that over-
laps the substrate and includes an organic layer. The organic
light emitting display apparatus further includes a planariza-
tion layer that overlaps the organic light emitting device and
includes an organic material, wherein the organic light emit-
ting device is disposed between the substrate and the pla-
narization layer. The organic light emitting display apparatus
further includes an encapsulation layer that overlaps the pla-
narization layer and includes an inorganic material, wherein

(22) Filed: Jan. 3,2014 the planarization layer is disposed between the organic light
emitting device and a portion of the encapsulation layer. The
(30) Foreign Application Priority Data organic light emitting display apparatus further includes an
intermediate layer that is disposed between the planarization
Jul. 12,2013 (KR) e 10-2013-0082437 layer and the portion of the encapsulation layer.
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ORGANIC LIGHT-EMITTING DISPLAY
APPARATUS AND RELATED
MANUFACTURING METHOD

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

[0001] This application claims the benefit of Korean Patent
Application No. 10-2013-0082437, filed on Jul. 12, 2013, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic light
emitting display apparatus and a method for manufacturing
the organic light emitting display apparatus.

[0004] 2. Description of the Related Art

[0005] An organic light emitting display apparatus typi-
cally includes an organic light emitting device that includes a
first electrode, a second electrode, and at least one organic
emission layer disposed between the first and second elec-
trodes. The organic light emitting display apparatus may fur-
ther include an encapsulation structure for protecting the
organic light emitting device from moisture and/or heat.

SUMMARY OF THE INVENTION

[0006] Embodiments of the present invention may be
related to a display apparatus that has substantially satisfac-
tory encapsulation characteristics and durability and may be
related to a method for manufacturing the display apparatus.
[0007] An embodiment of the present invention may be
related to an organic light emitting display apparatus that may
include a substrate and may include an orgamic light emitting
device that overlaps the substrate and includes an organic
layer. The organic light emitting display apparatus may fur-
ther include a planarization layer that overlaps the organic
light emitting device and includes an organic material,
wherein the organic light emitting device may be disposed
between the substrate and the planarization layer. The organic
light emitting display apparatus may further include an
encapsulation layer that overlaps the planarization layer and
includes an inorganic material, wherein the planarization
layer may be disposed between the organic light emitting
device and a portion of the encapsulation layer. The organic
light emitting display apparatus may further include an intet-
mediate layer that is disposed between the planarization layer
and the portion of the encapsulation layer.

[0008] A thermal expansion coefficient of the intermediate
layer may be between a thermal expansion coefficient of the
encapsulation layer and a thermal expansion coefficient of the
planarization layer. The thermal expansion coefficient of the
intermediate layer may be greater than or equal to ten times
the thermal expansion coefficient of the encapsulation layer
and/or may be less than or equal to thirty times the thermal
expansion coefficient of the encapsulation layer. The thermal
expansion coefficient of the intermediate layer may be lower
than thirty times the thermal expansion coefficient of the
encapsulation layer and/or may be lower than the thermal
expansion coefficient of the planarization layer.

[0009] The intermediate layer may include an amorphous
material or a crystalline material that has a viscosity that is
lower than a viscosity of the organic material of the planariza-
tion layer.
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[0010] The intermediate layer may include an amorphous
material or a crystalline material that has a glass transition
temperature that is higher than a glass transition temperature
of the inorganic material of the encapsulation layer.

[0011] A melting point of a material of the intermediate
layer may be lower than a melting point of the organic mate-
rial of the planarization layer.

[0012] The intermediate layer may include an amorphous
material or a crystalline material that has a melting tempera-
ture that is lower than a liquidus temperature of the inorganic
material of the encapsulation layer.

[0013] Theintermediate layer may include an elastic mate-
rial with a modulus of elasticity lower than 2.5 GPa.

[0014] The intermediate layer may include an amorphous
material that has a glass transition temperature that is lower
than a solidus temperature of the inorganic material of the
encapsulation layer and is higher than a working temperature
of the organic light emitting display apparatus.

[0015] The intermediate layer may comprise at least one of
chromium, cobalt, an aluminum oxide, gadolinium, germa-
nium, iridium, molybdenum, nickel, niobium, platinum, tita-
nium, vanadium, and zirconium.

[0016] Theintermediate layer may include an acrylic mate-
rial member and a fiber member that overlap each other. The
fiber member may include a multidirectional fiber formed of
alow temperature viscosity transition (LVT) inorganic mate-
rial.

[0017] The intermediate layer may include a low tempera-
ture viscosity transition (LVT) inorganic material and may be
thinner than the portion of the encapsulation layer.

[0018] The intermediate layer may include an adhesive
material.
[0019] The inorganic material of the encapsulation layer

may be a low temperature viscosity transition (LVT) inor-
ganic material.

[0020] A minimum temperature at which the inorganic
material starts to have flowability may be lower than a dena-
turation temperature of one or more materials included in the
organic layer of the organic light emitting device.

[0021] The inorganic material of the encapsulation layer
may include at least one of a tin oxide, a phosphor oxide, a
boron phosphate, a tin fluoride, a niobium oxide, and a tung-
sten oxide.

[0022] The inorganic material of the encapsulation layer
may include SnQ; SnO and P,Os; SnO and BPO,; SnO, SnF,,
and P,Os; SnO, SnF,, P,O,, and NbO; or SnO, SnF,, P,O,,
and WO,.

[0023] An embodiment of the present invention may be
related to a method for manufacturing an organic light emit-
ting display apparatus. The method may include the follow-
ing steps: forming an organic light emitting device on a sub-
strate, wherein the organic light emitting device includes an
organic layer; forming a planarization layer on the organic
light emitting device, wherein the planarization layer
includes an organic material; forming an intermediate layer
on the planarization layer; and forming an encapsulation
layer on the intermediate layer, wherein the encapsulation
layer includes an inorganic material, and wherein a thermal
expansion coefficient of the intermediate layer is between a
thermal expansion coefficient of the encapsulation layer and
a thermal expansion coefficient of the planarization layer.
[0024] The step of forming the encapsulation layer may
include the following steps: forming a preliminary thin film
encapsulation layer on the intermediate layer; heating the
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preliminary thin film encapsulation layer at a temperature
higher than or equal to a viscosity transition temperature of
the inorganic material; and after the heating, cooling the
preliminary thin film encapsulation layer to a temperature
lower than a denaturation temperature of a material of the
organic layer of the organic light emitting device.

[0025] An embodiment of the present invention may be
related to an organic light emitting display apparatus that
includes the following elements: a substrate; an organic light
emitting device that is formed on the substrate and includes a
first electrode, a second electrode, and an organic layer
including at least an organic emission layer; a planarization
layer that is formed on the organic light emitting device and
includes an organic material; a thin film encapsulation layer
that is formed on the planarization layer and includes at least
one inorganic layer including a low temperature viscosity
transition (LVT) inorganic material, and an intermediate
layer that is disposed between the planarization layer and the
thin film encapsulation layer.

[0026] The intermediate layer may have a coefficient of
thermal expansion that is between coefficients of thermal
expansion of the thin film encapsulation layer and the pla-
narization layer.

[0027] The intermediate layer may include an amorphous
material or a crystalline material that has a low viscosity or
non-sticking properties.

[0028] Theamorphous material and the crystalline material
may have a glass transition temperature that is higher than a
glass transition temperature of the LVT inorganic material of
the thin film encapsulation layer.

[0029] The intermediate layer may include a low-melting
point material.
[0030] The low-melting point material may include an

amorphous material or a crystalline material that has a lower
melting temperature than a liquidus temperature of the LVT
inorganic material of the thin film encapsulation layer.

[0031] The intermediate layer may include a rubber-like
material.
[0032] Therubber-like material may include an amorphous

material that has a glass transition temperature that is lower
than a solidus temperature of the LVT inorganic material of
the thin film encapsulation layer and is higher than a working
temperature of the organic light emitting display apparatus.

[0033] The intermediate layer may include a material hav-
ing a low coefficient of thermal expansion.

[0034] The material having a low coefficient of thermal
expansion may include chromium, cobalt, an aluminum
oxide, gadolinium, germanium, iridium, molybdenum,
nickel, niobium, platinum, titanium, vanadium, or zirconium.
[0035] The intermediate layer may have a mixed structure
that includes an acrylic material member and a fiber member.

[0036] The fiber member may include an LVT inorganic
material and may be formed omnidirectionally.
[0037] The intermediate layer may include a glass material

containing an LVT inorganic material. The intermediate layer
may be thinner than the thin film encapsulation layer.

[0038] The intermediate layer may include an adhesive
material,
[0039] A viscosity transition temperature of the LVT inor-

ganic material may be a minimum temperature at which the
LVT inorganic material starts to have flowability.
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[0040] A viscosity transition temperature of the LVT inor-
ganic material may be lower than a denaturation temperature
of one or more materials included in the organic layer of the
organic light emitting device.

[0041] TheL VT inorganic material may include a tin oxide.
[0042] TheLVT inorganic material may include at least one
of a phosphor oxide, a boron phosphate, a tin fluoride, a
niobium oxide, and a tungsten oxide.

[0043] The LVT inorganic material may include SnO; SnO
and P,Oq; SnO and BPO,; Sn0O, SnF,, and P,Os; SnO, SnF,,
P,Os, and NbO; or SnO, SnF,, P,Os, and WO,.

[0044] An embodiment of the present invention may be
related to a method for manufacturing an organic light emit-
ting display apparatus. The method may include the follow-
ing steps: forming an organic light emitting device, which
includes a first electrode, a second electrode, and an organic
layer including at least an organic emission layer, on a sub-
strate; forming a planarization layer, which includes an
organic material, on the organic light emitting device; form-
ing an intermediate layer on the planarization layer; and
forming a thin film encapsulation layer, which includes at
least one inorganic layer that includes a low temperature
viscosity transition (LVT) inorganic material, on the interme-
diate layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] FIG. 1 is a schematic cross-sectional view illustrat-
ing an organic light emitting display apparatus according to
an embodiment of the present invention.

[0046] FIG. 2 is a schematic cross-sectional view illustrat-
ing an organic light emitting device of the organic light emit-
ting display apparatus illustrated in FIG. 1 according to an
embodiment of the present invention.

[0047] FIG. 3 is a schematic cross-sectional view illustrat-
ing an organic light emitting display apparatus according to
an embodiment of the present invention.

[0048] FIG. 4 is a schematic cross-sectional view illustrat-
ing a portion A indicated in FIG. 3;

[0049] FIG. 5 is a schematic cross-sectional view illustrat-
ing an organic light emitting display apparatus according to
an embodiment of the present invention.

[0050] FIG. 6 is a schematic cross-sectional view illustrat-
ing an organic light emitting display apparatus according to
an embodiment of the present invention.

[0051] FIGS. 7A through 7C are schematic cross-sectional
views sequentially illustrating a method for manufacturing an
organic light emitting display apparatus according to an
embodiment of the present invention.

[0052] FIGS. 8A through 8E are schematic views sequen-
tially illustrating a method for manufacturing an organic light
emitting display apparatus according to an embodiment of the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0053] The invention may be embodied in many different
forms and should not be construed as being limited to the
embodiments set forth herein.

[0054] In the drawings, dimensions (e.g., sizes and/or
thicknesses) of constituent elements are for convenience of
illustration, and the present invention is not necessarily lim-
ited to the drawings.

[0055] Inthe description, when an element (such as alayer,
film, region, or substrate) is referred to as being “on” another
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element, it can be directly on the other element, or an inter-
vening element may also be present. When an element is
referred to as being “on” another element, it can be placed on
or below the other element, and it may not necessarily mean
that the element is on the other element in a direction of
gravity.

[0056] The terms “comprises,” “comprising,” “includes,”
and/or “including” may specify the presence of components,
but do not preclude the presence or addition of one or more
other components, unless otherwise specified.

[0057] Although the terms “first,” “second,” etc. may be
used herein to describe various signals, elements, compo-
nents, regions, layers, and/or sections, these signals, ele-
ments, components, regions, layers, and/or sections should
not be limited by these terms. These terms may be used to
distinguish one signal, element, component, region, layer, or
section from another signal, region, layer, or section. Thus, a
first signal, element, component, region, layer, or section
discussed below may be termed a second signal, element,
component, region, layer, or section without departing from
the teachings of the present invention. The description of an
element as a “first” element may not require or imply the
presence of a second element or other elements. The terms
“first,” “second,” etc. may also be used herein to differentiate
different categories of elements. For conciseness, the terms
“first,” “second,” etc. may represent “first-type (or first-cat-

2 <

egory),” “second-type (or second-category),” etc., respec-
tively.
[0058] The term “and/or” may include any and all combi-

nations of one or more of the associated items. Expressions
such as “at least one of,” when preceding a list of elements,
may modify the entire list of elements and may not modify the
individual elements of the list.

[0059] FIG. 1is a schematic cross-sectional view illustrat-
ing an organic light emitting display apparatus 100 according
to an embodiment of the present invention. FIG. 2 is a cross-
sectional view illustrating an organic light emitting device
120 of the organic light emitting display apparatus 100
according to an embodiment of the present invention.
[0060] Referring to FIGS. 1 and 2, the organic light emit-
ting display apparatus 100 includes a substrate 101, the
organic light emitting device 120, a planarization layer 130,
an intermediate layer 140, and a thin film encapsulation layer
150. The thin film encapsulation layer 150 may include at
least one inorganic layer that includes a low-temperature
viscosity transition (LVT) inorganic material.

[0061] The substrate 101 may be formed of a transparent
glass material that includes SiO,. Alternatively or addition-
ally, the substrate 101 may be formed of a transparent plastic
material.

[0062] The organic light emitting device 120 may be
formed on the substrate 101. The organic light emitting
device may include a first electrode 121, a second electrode
122, and an organic layer 123. The first electrode 121 may be
disposed on the substrate 101, the second electrode 122 may
overlap the first electrode 121, and the organic layer 123 may
be disposed between the first electrode 121 and the second
electrode 122.

[0063] Although not shown in the drawings, a buffer layer
(not shown) may be disposed between the first electrode 121
and the substrate 101. The buffer layer (not shown) may
provide a planarized surface on the substrate 101 and/or may
prevent penetration of moisture or gas from substantially
affecting the first electrode 121.
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[0064] The first electrode 121 may function as an anode or
a cathode, and the second electrode 122 may function as a
cathode or an anode.

[0065] Inan embodiment, the first electrode 121 functions
as an anode. The first electrode 121 may include a material
having a high work function. For example, the first electrode
may be formed of a material that includes at least one of ITO,
170, Zn0, In,0;, etc. The first electrode may additionally
include a reflection layer formed of a material that includes at
least one of Ag, Mg, Al, Pt, Pd, Au, N1, Nd, Ir, Cr, L1, Yb, Ca,
etc.

[0066] In an embodiment the second electrode 122 func-
tions as a cathode. The second electrode 122 may be formed
of a metal material that includes at least one of Ag, Mg, Al, Pt,
Pd, Au, Ni, Nd, Ir, Cr, Li, Ca, etc. The second electrode 122
may be formed of a material that includes at least one of ITO,
170, 710, In,0,, etc., for light transmission.

[0067] Theorganic layer 123 may include an organic emis-
sion layer. The organic layer 123 may further include at least
one ofaholeinjection layer, a hole transpott layer, an electron
transport layer, and an electron injection layer.

[0068] When a voltage is applied to at least one of the first
electrode 121 and the second electrode 122, visible light may
be generated in the organic emission layer of the organic layer
123.

[0069] Although not shown in the drawings, the organic
light emitting display apparatus 100 may include at least one
thin film transistor (not shown) that is electrically connected
to the organic light emitting device 120.

[0070] Theplanarization layer 130 is formed on the organic
light emitting device 120 to provide a substantially planar
surface on the organic light emitting device 120 and/or to
protect the organic light emitting device 120. The planariza-
tion layer 130 may be formed of at least one of various
insulating materials. The planarization layer 130 may be
formed of an organic material that has a desirable planarizing
characteristic. In an embodiment, the planarization layer 130
may include an acrylic polymer material, in order to provide
satisfactory thermal insulation and/or satisfactory planariza-
tion.

[0071] The intermediate layer 140 is formed on the pla-
narization layer 130. A coefficient of thermal expansion
(CTE) of the intermediate layer 140 is between a CTE of the
planarization layer 130 and a CTE of the thin film encapsu-
lation layer 150. The CTE of the planarization layer 130 and
the CTE of the thin film encapsulation layer 150 may be
substantially different from each other. For example, a CTE
of an organic material (e.g., an acrylic polymer material) of
the planarization layer 130 may be in a range of about ten to
thirty times a CTE of the thin film encapsulation layer 150.
According to an embodiment of the present invention, the
intermediate layer 140 interposed between the thin film
encapsulation layer 150 and the planarization layer 130 may
substantially prevent potential cracks in the thin film encap-
sulation layer 150 that might be caused by stress associated
with the substantial CTE difference.

[0072] Theintermediate layer 140 may be formed of one or
more of various materials. A CTE of the intermediate layer
140 may have a value between a CTE of the planarization
layer 130 and a CTE of the thin film encapsulation layer 150.
[0073] According to an embodiment of the present inven-
tion, the intermediate layer 140 may include a low-viscosity
and/or non-sticking material. The intermediate layer 140 may
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have a relatively low viscosity and/or may be non-viscous
with respect to a liquid material used for forming the thin film
encapsulation layer 150.

[0074] The low-viscosity and/or non-viscous material may
include an amorphous material and may particularly have a
glass transition temperature that is higher than a glass transi-
tion temperature Tg of a low temperature viscosity transition
(LVT) inorganic material of the thin film encapsulation layer
150. The amorphous material, which may have a low viscos-
ity and/or may be non-viscous, may include a polymer mate-
rial, silicate, or a combination of these materials. The polymer
material may include at least one of polyimide, polyamide,
Teflon, homopolymer, and copolymer. The copolymer may
include at least one of 2H-benzimidazol-2-one, acenaphthyl-
ene, acrylamide, bisphenol A terephthalate, bisphenol car-
bonate, bisphenol Z carbonate, 2,6-Dichlorostyrene, 2,6-
Dimethyl-1,4-phenylene  oxide,  2,5-Dimethylstyrene,
methacrylic acid, methacrylic anhydride, oxy-4,4'-biphe-
nyleneoxy-1,4-phenylenesulfonyl-1,4-phenylene, oxy-1,4-
phenylenesulfonyl-1,4-phenyleneoxy-1,4-phenyleneisopro-
pylidene-1,4-phen ylene, oxy-1,4-phenylenesulfonyl-1,4-
phenylene ether, p-Phenylene isophthalamide, p-Phenylene
terephthalamide, Potassium acrylate, Sodium acrylate,
Sodium methacrylate, Tetrabromobisphenol A carbonate,
2,4,6-Trimethylstyrene, Vinyl acetate, Vinyl butyral, Vinyl
carbazole, Vinylferrocene, 2-Vinylnaphthalene, and 4-Vi-
nylpyridine.

[0075] The intermediate layer 140, which may include an
amorphous material, may be formed using one or more of
various methods, such as one or more of a sputtering method,
a co-evaporation method, a spray method, a pouring method,
a painting method, a rolling method, and a spin-coating
method.

[0076] The low-viscosity and/or non-sticking material for
forming the intermediate layer 140 may include a crystalline
material. The crystalline material may also be a polycrystal-
line. The crystalline material may have a glass transition
temperature that is higher than a glass transition temperature
TgofanLVT inorganic material of the thin film encapsulation
layer 150. The intermediate layer 140, which may include a
crystalline material, may be formed using one or more of
various methods, such as one or more of a sputtering method,
a co-evaporation method, a spray method, a pouring method,
a painting method, a rolling method, and a spin-coating
method.

[0077] Since the glass transition temperature of the low-
viscosity and/or non-sticking material of the intermediate
layer 140 is higher than the glass transition temperature Tg of
the LVT inorganic material of the thin film encapsulation
layer 150, the intermediate layer 140 maintains a solid state
when the thin film encapsulation layer 150 is formed, so that
aliquid material for forming the encapsulation layer 150 does
not substantially react with or combine with the intermediate
layer 140 when the thin film encapsulation layer 150 is
formed. Accordingly, desirable structures and/or characteris-
tics of the thin film encapsulation layer 150 and/or the inter-
mediate layer 140 may be provided. The intermediate layer
140 may effectively prevent or minimize potential stress and/
or cracks that may be generated due to a substantial difference
between the CTE of the planarization layer 130 and the CTE
of the thin film encapsulation layer 150.

[0078] According to an embodiment, the intermediate layer
140 may include a low-melting point material. The low-melt-
ing point material may have a low miscibility to and/or may
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not substantially mix with an [VT inorganic material in a
liquid state when the thin film encapsulation layer 150 is
formed.

[0079] The low-melting point material may include an
amorphous material. The amorphous material may have a
melting temperature that is lower than a liquidus temperature
of an LVT inorganic material of the thin film encapsulation
layer 150. The melting temperature of the amorphous mate-
rial may be higher than a working temperature of the organic
light emitting display apparatus 100. The amorphous material
may be a polymer material. For example, the polymer mate-
rial may include at least one of cis-chlorobutadiene, ethylene
oxide, ethyl vinyl ether, trans-isoprene, propylene oxide, pro-
pyl vinyl ether, and vinyl acetal.

[0080] The intermediate layer 140, which may include a
low-melting point material (e.g., an amorphous material),
may be formed using one or more of various methods, such as
one or more of a sputtering method, a co-evaporation method,
a spray method, a pouring method, a painting method, a
rolling method, and a spin-coating method.

[0081] The low-melting point material of the intermediate
layer 140 may include a crystalline material. The crystalline
material may have a melting temperature that is lower than a
liquidus temperature of an LVT inorganic material of the thin
film encapsulation layer 150 and is higher than a working
temperature of the organic light emitting display apparatus
100. The crystalline material may include an alloy material,
such as Field’s metal (Bi 32.5%, In 51.0%, Sn 16.5%), Lip-
owitz’s alloy (Bi 49.5%, Pb 27.3%, Sn 13.1%, Cd 10.1%),
Wood’s metal (Bi 50.0%, Pb 25.0%, Su 12.5%, Cd 12.5%),
In—Ri alloy (In 66.3%, Bi33.7%), or Onion’s Fusible Alloy
(Bi 50%, Pb 30%, Sn 20% and impurities).

[0082] The intermediate layer 140, which may include a
crystalline material, may be formed using, for example, one
or more of a sputtering method, a co-evaporation method, a
laser ablation method, a flash deposition method, a spray
method, a pouring method, a frit-deposition method, a vapor
deposition method, a dip-coating method, a painting method,
a rolling method, and a spin-coating method.

[0083] The intermediate layer 140 may be in a liquid state
in a process of forming the thin film encapsulation layer 150
and may not substantially react with an LVT inorganic mate-
rial of the thin film encapsulation layer 150. Consequently,
desirable structures and/or characteristics of the thin film
encapsulation layer 150 and/or the intermediate layer 140
may be provided. The intermediate layer 140 may effectively
prevent and/or minimize potential stress and/or cracks in the
thin film encapsulation layer 150 that may be generated due to
a substantial difference between the CTE of the planarization
layer 130 and the CTE of the thin film encapsulation layer
150.

[0084] According to an embodiment, the intermediate layer
140 may include a rubber-like material (or elastic material)
with a modulus of elasticity (i.e., Young’s Modulus) lower
than or equal to 2.5 GPa. The rubber-like material may not
substantially react and/or combine with an LVT inorganic
material of the thin film encapsulation layer 150 while or after
the thin film encapsulation layer 150 is formed. Accordingly,
desirable structures and/or characteristics of the thin film
encapsulation layer 150 and/or the intermediate layer 140
may be provided. The intermediate layer 140 may effectively
prevent and/or minimize potential stress and/or cracks in the
thin film encapsulation layer 150 that may be generated due to
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a substantial difference between the CTE of the planarization
layer 130 and the CTE of the thin film encapsulation layer
150.

[0085] The rubber-like material of the intermediate layer
140 may have a low miscibility to and/or may not substan-
tially mix with an LVT inorganic material in a liquid state
when the thin film encapsulation layer 150 is formed. The
rubber-like material of the intermediate layer 140 may have a
low wettability with respect to an LVT inorganic material
and/or may not be substantially wetted by an LVT inorganic
material in a liquid state when the thin film encapsulation
layer 150 is formed.

[0086] The intermediate layer 140 may include a rubber-
like material that includes an amorphous material. The amor-
phous material may have a glass transition temperature that is
lower than a solidus temperature of an LVT inorganic mate-
rial of the thin film encapsulation layer 150 and is higher than
a working temperature of the organic light emitting display
apparatus 100. The amorphous material may include a poly-
mer, such as benzyl methacrylate, tert-butyl vinyl ether, chlo-
rotrifluoroethylene, cyclohexyl vinyl ether, N,N-dimethy-
lacrylamide, ethylene terephthalate, ethyl methacrylate,
4-fluorostyrene, 2-hydropropyl methacrylate, hydroquinone-
alt-epichlorohydrin, indene, isobornyl acrylate, N-isopropy-
lacrylamide, isopropyl methacrylate, phenylene vinylene,
phenyl vinyl ketone, trimethylsilyl methacrylate, vinyl alco-
hol, vinyl benzoate, vinyl chloride, vinyl cyclogexanoate, or
vinyl pivalate. The intermediate layer 140, which may include
an amorphous material, may be formed using, for example,
oneor more of a sputtering method, a co-evaporation method,
a spray method, a pouring method, a painting method, a
rolling method, and a spin-coating method.

[0087] The intermediate layer 140, which may include a
rubber-like material, may minimize mechanical interaction
between the thin film encapsulation layer 150 and the pla-
narization layer 130. Therefore, the intermediate layer 140
may substantially prevent or minimize potential stress and/or
cracks in the thin film encapsulation layer 150 that may be
generated due to a substantial difference between the CTE of
the planarization layer 130 and the CTE of the thin film
encapsulation layer 150.

[0088] According to an embodiment, the intermediate layer
140 includes a low CTE material. For example, the interme-
diate layer 140 may be formed of a material having a CTE that
is substantially equal to a CTE of the thin film encapsulation
layer 150. In an embodiment, the intermediate layer 140 may
include at least one of chromium, cobalt, aluminum oxide,
gadolinium, germanium, iridium, molybdenum, nickel, nio-
bium, platinum, titanium, vanadium, and zirconium.

[0089] The intermediate layer 140, which may include a
low CTE material, may minimize mechanical interaction
between the thin film encapsulation layer 150 and the pla-
narization layer 130. Therefore, the intermediate layer 140
may substantially prevent or minimize potential stress and/or
cracks in the thin film encapsulation layer 150 that may be
generated due to a substantial difference between the CTE of
the planarization layer 130 and the CTE of the thin film
encapsulation layer 150. In an embodiment, when cooled, the
low CTE material of the intermediate layer 140 may have
contracting characteristics that are similar to contracting
characteristics of an LVT inorganic material of the thin film
encapsulation layer 150. Therefore, deformation of the thin
film encapsulation layer 150 may be substantially prevented
or minimized.

Jan. 15,2015

[0090] According to an embodiment, the intermediate layer
140 may include a mixed structure. In an embodiment, the
mixed structure may include an acrylic material and a fiber
member. For example, the intermediate layer 140 may
include an acrylic material and an omnidirectional fiber mem-
ber, and the omnidirectional fiber member may include an
LVT inorganic material. The intermediate layer 140 may be
formed using one or more of various methods. For example,
a fiber material that includes an LVT inorganic material may
be formed using a mask and/or using one or more of various
methods, such as one or more of a sputtering method, a
co-evaporation method, alaser ablation method, a flash depo-
sition method, a spray method, a pouring method, a frit-
deposition method, a vapor deposition method, a dip-coating
method, a painting method, a rolling method, and a spin-
coating method.

[0091] Subsequently. an acrylic material may be formed on
the fiber member.

[0092] The intermediate layer 140 may substantially pre-
vent or minimize potential stress and/or cracks in the thin film
encapsulation layer 150 that may be generated due to a sub-
stantial difference between the CTE of the planarization layer
130 and the CTE of the thin film encapsulation layer 150. In
an embodiment, when cooled, the intermediate layer 140 may
have contracting characteristics that are similar to contacting
characteristics of an LVT inorganic material of the thin film
encapsulation layer 150. Therefore, deformation of the thin
film encapsulation layer 150 may be substantially prevented
or minimized.

[0093] According to an embodiment, the intermediate layer
140 may include a glass material. The glass material may
include or may be an LVT inorganic material. In an embodi-
ment, the intermediate layer 140 may have a thickness that is
smaller than a thickness of the thin film encapsulation layer
150. For example, a thickness of the intermediate layer 140
may be in a range of about 10% to 80% of a thickness of the
thin film encapsulation layer 150.

[0094] Theintermediate layer 140 may minimize mechani-
cal interaction between the thin film encapsulation layer 150
and the planarization layer 130. Therefore, the intermediate
layer 140 may substantially prevent or minimize potential
stress and/or cracks in the thin film encapsulation layer 150
that may be generated due to a substantial difference between
the CTE of the planarization layer 130 and the CTE of the thin
film encapsulation layer 150. In an embodiment, when
cooled, the intermediate layer 140 may have contracting char-
acteristics that are similar to contracting characteristics of an
LVT inorganic material of the thin film encapsulation layer
150. Therefore, deformation of the thin film encapsulation
layer 150 may be substantially prevented or minimized.
[0095] According to an embodiment, the intermediate layer
140 may include an adhesive material. The adhesive material
may include or may be at least one of a UV curing material
and a visible ray curing material. The intermediate layer 140
may be formed by irradiating UV and/or a visible ray on the
curing material after the thin film encapsulation layer 150 is
formed.

[0096] The intermediate layer 140 may substantially pre-
vent or minimize potential stress and/or cracks in the thin film
encapsulation layer 150 that may be generated due to a sub-
stantial difference between the CTE of the planarization layer
130 and the CTE of the thin film encapsulation layer 150. In
an embodiment, when cooled, the intermediate layer 140 may
have contracting characteristics that are similar to contacting
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characteristics of an LVT inorganic material of the thin film
encapsulation layer 150. Therefore, deformation of the thin
film encapsulation layer 150 may be substantially prevented
or minimized.

[0097] The thin film encapsulation layer 150 is formed on
the intermediate layer 140. The thin film encapsulation layer
150 may include at least one inorganic layer that includes an
LVT inorganic material.

[0098] In a process of forming the thin film encapsulation
layer 150, the LVT inorganic material may be melted and then
coagulated. A Viscosity transition temperature of the thin film
encapsulation layer 150 may be lower than a denaturation
temperature of the organic layer 123 in the organic light
emitting device 120.

[0099] In the specification, a “low-temperature viscosity
transition (LVT) temperature” may refer to a minimum tem-
perature at which the LVT inorganic material may start to
change from solid to fluid, that is, a minimum temperature at
which the viscosity of the LVT inorganic material starts to
change. The LVT temperature may not mean a temperature at
which the LVT inorganic material completely changes from a
solid phase to a liquid phase.

[0100] The viscosity transition temperature of the LVT
inorganic material may be lower than a denaturation tempera-
ture of a material included in the organic layer 123. In an
embodiment, the viscosity transition temperature of the LVT
inorganic material may be lower than a minimum among
denaturation temperatures of materials included in the
organic layer 123.

[0101] A denaturation temperature of the organic layer 123
may refer to a temperature at which physical and/or chemical
denaturation of a material included in the organic layer 123
may start, and a plurality of denaturation temperatures may be
associated with the organic layer 123 according to types and
the number of materials of materials included in the organic
layer 123. For example, a viscosity transition temperature of
an LVT inorganic material and a denaturation temperature of
an organic layer 123 may refer to a glass transition tempera-
ture Tg of the LVT inorganic material and a glass transition
temperature Tg of an organic material included in the organic
layer 123, respectively.

[0102] The glass transition temperatures may be measured
by performing a thermogravimetric analysis (TGA) on an
LVT inorganic material and by performing a TGA on an
organic material included in the organic layer 123.

[0103] A glass transition temperature may be derived from
aresult of performing a thermal analysis that involves a TGA
and a differential scanning calorimetry (DSC) in the follow-
ing conditions: N, atmosphere, temperature set from a room
temperature to 600° C. (10° C./min) for the TGA, temperature
set from a room temperature to 400° C. for the DSC, a Pt Pan
in a disposable Al Pan for the TGA, and a disposable Al pan
for the DSC.

[0104] A denaturation temperature of a material included in
the organic layer 123 may be greater than or equal to 130° C.,
but is not limited thereto. The denaturation temperature may
be measured through a TGA analysis for a material included
in the organic layer 123.

[0105] A minimum among denaturation temperatures of
materials included in the organic layer 123 may be in a range
of, for example, 130° C. to 140° C. For example, a minimum
of denaturation temperatures of materials included in the
organic layer 123 may be 132° C. The minimum of denatur-
ation temperatures of materials included in the organic layer
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123 may be determined first by calculating glass transition
temperatures Tg through thermal analyses (e.g., according to
the conditions described above) with respect to materials
included in the organic layer 123 and then selecting the mini-
mum among the glass transition temperatures Tg.

[0106] In an embodiment, a viscosity transition tempera-
ture of the LVT inorganic material may be equal to or higher
than 80° C. and may be lower than 132° C. In an embodiment,
a viscosity transition temperature of the LV'T inorganic mate-
rial may be ina range of 80° C. to 120° C. orin arange of 100°
C. to 120° C. In an embodiment, a viscosity transition tem-
perature of the LVT inorganic material may be 110° C.
[0107] The LVT inorganic material may be formed of a
compound or a mixture including at least two types of com-
pounds.

[0108] TheLVT inorganic material may include a tin oxide
(e.g., SnO or SnO,). In an embodiment, the LVT inorganic
material includes SnO that is in a range of about 20 weight %
to about 100 weight % of the LVT inorganic material.
[0109] Inanembodiment, the LVT inorganic material may
include at least one of a phosphor oxide (e.g., P,Os), a boron
phosphate (BPO,), atin fluoride (e.g., SuF,), a niobium oxide
(e.g., NbO), a tungsten oxide (e.g., WO,), etc.

[0110] Inanembodiment, the LVT inorganic material may
include the following:

[0111] SnO;

[0112] SnO and P,Ox;

[0113] SnO and BPO,;

[0114] SnO, SnF,, and P,Os;

[0115] SnO, SnF,, P,O,, and NbO; or

[0116] SnO, SnF,, P,Os, and WO,.
[0117] Inan embodiment, the LVT inorganic material may

have the following composition:

[0118] 1) SnO (100 wt %);

[0119] 2) SnO (80 wt %) and PO (20 wt %);

[0120] 3) SnO (90 wt %) and BPO,, (10 wt %);

[0121] 4)SnO (20-50 wt %), SuF, (30-60 wt %) and P,O5

(10-30 wt %) (where a sum of weight ratios of SnO, SnF,, and
P,0; is 100 wt %);

[0122] 5) SnO (20-50 wt %), SnF, (30-60 wt %), P,Os
(10-30 wt %), and NbO (1-5 wt %) (where a sum of weight
ratios of SnO, SnF,, P,0,, and NbO is 100 wt %); or
[0123] 6) SnO (20-50 wt %), SnF, (30-60 wt %), P,Os
(10-30 wt %), and WO, (1-5 wt %) (where a sum of weight
ratios of SnQO, SnF,, P,Os, and WO, is 100 wt %).

[0124] Inanembodiment, the LVT inorganic material may
include SnO (42.5 wt %), SnF, (40 wt %), P,O5 (15 wt %),
and WO, (2.5 wt %).

[0125] Inanembodiment, the thin film encapsulation layer
150, which includes an inorganic layer having one of the
above compositions, may have a viscosity transition tempera-
ture that is lower than a denaturation temperature of the
organic layer 123, such that various types of defects in the thin
film encapsulation layer 150 may be healed in a healing
process.

[0126] According to an embodiment of the present inven-
tion, the planarization layer 130 overlaps the thin film encap-
sulation layer 150 and the organic light emitting device 120 to
protect the organic light emitting device 120 and/or to provide
a planar surface on the organic light emitting device 120.
[0127] According to an embodiment of the present inven-
tion, the intermediate layer 140 is disposed between the thin
film encapsulation layer 150 and the planarization layer 130.
The intermediate layer 140 may substantially prevent or mini-
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mize stresses and/or cracks in the thin film encapsulation
layer 150 that may be generated due to a substantial differ-
ence between the CTE of the planarization layer 130 and the
CTE of the thin film encapsulation layer 150. Advanta-
geously, the robustness and durability of the thin film encap-
sulation layer 150 and the organic light emitting display appa-
ratus 100 may be maximized.

[0128] FIG. 3 is a schematic cross-sectional view illustrat-
ing an organic light emitting display apparatus 200 according
to an embodiment of the present invention. FIG. 4 is a sche-
matic cross-sectional view illustrating a portion A indicated
in FIG. 3. The organic light emitting display apparatus 200
may include elements and/or features that are analogous to or
identical to elements and/or features of the organic light emit-
ting display apparatus 100 discussed with reference to FIGS.
1 and 2. Referring to FIGS. 3 and 4, the organic light emitting
display apparatus 200 includes a substrate 201, an organic
light emitting device 220, a planarization layer 230, an intet-
mediate layer 240, and a thin film encapsulation layer 250.
The thin film encapsulation layer 250 may include at least one
inorganic layer that includes a [VT inorganic material. The
organic light emitting device 220 includes a first electrode
221, a second electrode 222, and an organic layer 223.
[0129] A structure of the thin film encapsulation layer 250
may be different from the thin film encapsulation layer 150
discussed with reference to FIGS. 1 and 2. The thin film
encapsulation layer 250 covers the organic light emitting
device 220, the planarization layer 230, and the intermediate
layer 240, and contacts the substrate 201.

[0130] FIG. 51s a schematic cross-sectional view illustrat-
ing anorganic light emitting display apparatus 200' according
to an embodiment of the present invention. The organic light
emitting display apparatus 200' may include elements and/or
features that are analogous to or identical to elements and/or
features of the organic light emitting display apparatus 200
discussed with reference to FIGS. 3 and 4.

[0131] Referring to FIG. 5, the organic light emitting dis-
play apparatus 200" includes a substrate 201', an organic light
emitting device 220", a planarization layer 230', an interme-
diate layer 240", and a thin film encapsulation layer 250'". The
thin film encapsulation layer 250" may include at least one
inorganic layer that includes a [LVT inorganic material. The
organic light emitting device 220" includes a first electrode
(not shown), a second electrode (not shown), and an organic
layer (not shown).

[0132] A structure of the thin film encapsulation layer 250"
may be different from the thin film encapsulation layer 250
discussed with reference to FIG. 3. In an embodiment, a
lateral surface of the thin film encapsulation layer 250" is
inclined.

[0133] Inanembodiment, the thin film encapsulation layer
250" has a lateral surface that is inclined at an obtuse angle
with respect to the substrate 201'. In an embodiment, the
lateral surface may be inclined at an acute angle with respect
to the substrate 201"

[0134] FIG. 6 is a schematic cross-sectional view illustrat-
ing an organic light emitting display apparatus 200" accord-
ing to an embodiment of the present invention. The organic
light emitting display apparatus 200" may include elements
and/or features that are analogous to or identical to elements
and/or features of the organic light emitting display apparatus
200 discussed with reference to FIGS. 3 and 4.

[0135] Referring to FIG. 6, the organic light emitting dis-
play apparatus 200" includes a substrate 201", an organic
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light emitting device 220", a planarization layer 230", an
intermediate layer 240", and a thin film encapsulation layer
250". The thin film encapsulation layer 250" may include at
least one inorganic layer that includes a LVT inorganic mate-
rial. The organic light emitting device 220" includes a first
electrode (not shown), a second electrode (not shown), and an
organic layer (not shown).

[0136] A structure of the thin film encapsulation layer 250"
may be different from the thin film encapsulation layer 250
discussed with reference to FIG. 3. In an embodiment, a
portion of the thin film encapsulation layer 250" that contacts
the substrate 201" is wider than a portion of the thin film
encapsulation layer 250" that does not contact the substrate
201", in order to increase a contact surface between the thin
film encapsulation layer 250" and the substrate 201", so as to
effectively prevent penetration of moisture, gas, or foreign
substances from entering through in interface between the
thin film encapsulation layer 250" and the substrate 201". The
portion of the thin film encapsulation layer 250" that contacts
the substrate 201" is disposed between the substrate 201" and
the portion of the thin film encapsulation layer 250" that does
not contact the substrate 201"

[0137] FIGS. 7A through 7C are schematic cross-sectional
views sequentially illustrating a method for manufacturing an
organic light emitting display apparatus 200 according to an
embodiment of the present invention.

[0138] Organic light-emitting display apparatuses 100,
200", and 200" may be manufactured using substantially the
same method or an analogous method.

[0139] Referring to FIG. 7A, an organic light emitting
device 220, a planarization layer 230, and an intermediate
layer 240 are formed on a substrate 201. The planarization
layer 230 is formed of an organic material. In an embodiment,
the planarization layer 230 may include an acrylic polymer
material, so that planarization may be satisfactorily per-
formed and that the planarization layer 230 may have suffi-
cient thermal durability.

[0140] Theintermediate layer 240 may be formed of one or
more of various materials described above.

[0141] Subsequently, referring to FIGS. 7B and 7C, a thin
film encapsulation layer 250 is formed.

[0142] Referring to FIG. 7B, a preliminary thin film encap-
sulation layer 251 is formed on at least the intermediate layer
240. The preliminary thin film encapsulation layer 251 may
be formed of an LVT inorganic material. The preliminary thin
film encapsulation layer 251 may be formed using at least one
of a sputtering method, a vacuum deposition method, a low-
temperature deposition method, an electron beam coating
method, and an ion plating method.

[0143] According to an embodiment of the present inven-
tion, an [VT inorganic material having a composition of
SnO—SnF,—P,0,—WO; may be formed on the intermedi-
ate layer 240 in a sputtering process. In the sputtering process,
dual rotary targets may be applied, the substrate 201 may be
linearly moved such that LVT inorganic material is sputtered
on scanned portions of the intermediate layer 240, and/or an
argon plasma of 12 kw and 0.4 Pa may be used. The scanning
may be performed for several times, such that the preliminary
thin film encapsulation layer 251 having a desired thickness
(e.g., about 1 um) may be obtained.

[0144] Although not shown in the drawings, the prelimi-
nary thin film encapsulation layer 251 may include various
defects, such as an abnormal layer-forming element, a pin
hole, or an environmental element. The abnormal layer-form-
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ing element may refer to an LVT inorganic material coagu-
lated particle that does not contribute to layer formation when
the preliminary thin film encapsulation layer 251 is formed.
The pin hole may be an area where no LVT inorganic material
is provided. The environmental element may be a particle of
an organic material or an inorganic material that is attached to
the preliminary thin film encapsulation layer 251 when the
organic light emitting display apparatus 200 is formed. Addi-
tionally or alternatively, a defect, such as an empty space,
between the preliminary thin film layer 251 and the interme-
diate layer 240 may be formed.

[0145] The defects of the preliminary thin film encapsula-
tion layer 251 described above, if not treated, might provide a
path for an external environmental material, such as moisture
or oxygen, to contaminate the organic light emitting device
220 and thus might cause a decrease in the lifetime of the
organic light emitting display apparatus 200.

[0146] Referring to FIG. 7B and FIG. 7C, after the prelimi-
nary thin film encapsulation layer 251 has been formed, a
healing operation is performed to form the thin film encap-
sulation layer 250.

[0147] The healing operation may be performed at a tem-
perature higher than or equal to a viscosity transition tem-
perature of the LVT inorganic material. In an embodiment,
the healing operation may include annealing that involves
heating the preliminary thin film encapsulation layer 251 at a
temperature higher than or equal to the viscosity transition
temperature of the LVT inorganic material and then cooling
the heated preliminary thin film encapsulation layer 251 to a
temperature lower than a denaturation temperature of a mate-
rial of an organic layer included in the organic light emitting
device 220. In an embodiment, the healing operation may
include annealing that involves heating the preliminary thin
film encapsulation layer 251 at a temperature higher than or
equal to a viscosity transition temperature of the LVT inor-
ganic material and then cooling the heated preliminary thin
film encapsulation layer 251 to a temperature less than a
minimum of denaturation temperatures of materials included
in an organic layer of the organic light emitting device 220. In
an embodiment, the healing operation may be performed at a
viscosity transition temperature of an LVT inorganic mate-
rial. In an embodiment, the healing operation may include
annealing that involves heating the preliminary thin film
encapsulation layer 251 in a range of 80° C. 10 132°C. (e.g,,
in a range from 80° C. to 120° C. or in a range from 100° C.
to 120° C.) and for 1-3 hours (e.g., at 110° C. for two hours).
In the healing operation, fluidization of the LVT inorganic
material of the preliminary thin film encapsulation layer 251
may be enabled, and denaturation of the organic light emit-
ting device 220 may be prevented. The healing operation may
be performed in an infrared (IR) oven under a vacuum atmo-
sphere or an inactive gas atmosphere (e.g., N, atmosphere or
Ar atmosphere) in order to prevent exposure of the organic
light emitting device 220 to unwanted materials or particles
through a pin hole of the preliminary thin film encapsulation
layer 251.

[0148] Inthehealingoperation, the LVT inorganic material
included in the preliminary thin film encapsulation layer 251
may be fluidized. The fluidized LVT inorganic material may
have flowability. Accordingly, in the healing operation, 1) the
fluidized LVT inorganic material may flow to a gap formed by
the environmental element and may fill the gap, and ii) the
fluidized LVT inorganic material may flow to the pin hole and
may fill the pin hole, and iii) the abnormal layer-forming
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element may be fluidized and may fill the pin hole. The
healing operation may substantially eliminate defects of the
preliminary thin film encapsulation layer 251 to form a sub-
stantially robust and secure structure of the thin film encap-
sulation layer 250.

[0149] In an embodiment, the healing operation may be
performed at least twice on the preliminary thin film encap-
sulation layer 251 to form the thin film encapsulation layer
250. As a result, heat resistance and mechanical intensity of
the thin film encapsulation layer 250 may be optimized.
[0150] FIGS. 8A through 8E are schematic views sequen-
tially illustrating a method for manufacturing an organic light
emitting display apparatus 200 according to an embodiment
of the present invention.

[0151] Organic light-emitting display apparatuses 100,
200", and 200" may be manufactured using substantially the
same method or an analogous method.

[0152] Referring to FIG. 8A, an organic light emitting
device 220, a planarization layer 230, and an intermediate
layer 240 are formed on a substrate 201. The planarization
layer 230 is formed of an organic material. In an embodiment,
the planarization layer 230 may include an acrylic polymer
material, so that planarization may be satisfactorily per-
formed and that the planarization layer 230 may have suffi-
cient thermal durability.

[0153] Theintermediate layer 240 may be formed of one or
more of various materials. In an embodiment of the present
invention, the intermediate layer 240 may have a mixed struc-
ture that includes an acrylic material member and a fiber
member. In an embodiment, the intermediate layer 240
includes an acrylic material member and an omnidirectional
fiber member, wherein the omnidirectional fiber member may
include an LVT inorganic material.

[0154] FIG. 8B is a flowchart illustrating a method for
forming the intermediate layer 240. The method may include
a first operation 241 and a second operation 242. In the first
operation 241, a fiber member that includes an [ VT inorganic
material is formed. The first operation 241 may include using
amask 241M illustrated in FIG. 8C. The mask 241M includes
a main body portion BM and an opening portion OM. The
opening portion OM of the mask 241M may have a multidi-
rectional pattern (e.g., a substantially omnidirectional pat-
tern) instead of a unidirectional pattern or a pattern in a
predetermined direction. An LVT inorganic material is pro-
vided on the planarization layer 230 as according to the pat-
tern of the opening portion OM and in substantially the same
shape as the opening portion OM to form the fiber member.
The LVT inorganic material may be provided on the pla-
narization layer 230 using one or more of a sputtering
method, a co-evaporation method, a laser ablation method, a
flash deposition method, a spray method, a pouring method, a
frit-deposition method, a vapor deposition method, a dip-
coating method, a painting method, a rolling method, and a
spin-coating method.

[0155] Subsequently, in the second operation 242, an
acrylic material may be provided on the fiber member to form
the acrylic material member, so as to complete the interme-
diate layer 240.

[0156] Subsequently, referring to FIG. 8D and FIG. 8E, the
preliminary thin film encapsulation layer 251 is formed, and
then a healing operation is performed on the preliminary thin
film encapsulation layer 251 to form the thin film encapsula-
tion layer 250. Operations of forming the preliminary thin
film encapsulation layer 251 and the thin film encapsulation
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layer 250 may be substantially identical to or analogous to
those described with reference to FIG. 7B and FIG. 7C.

[0157] According to embodiments of the invention, satis-
factory encapsulation characteristics and durability of an
organic light emitting display apparatus may be achieved.
[0158] While the present invention has been particularly
shown and described with reference to illustrative embodi-
ments, ordinary skill in the art would understand that various
changes in form and details may be made therein without
departing from the spirit and scope of the present invention as
defined by the following claims.

What is claimed is:
1. An organic light emitting display apparatus comprising:
a substrate;

an organic light emitting device that overlaps the substrate
and includes a first electrode, a second electrode, and an
organic layer including at least an organic emission
layer;

a planarization layer that overlaps the organic light emit-
ting device and includes an organic material, wherein
the organic light emitting device is disposed between the
substrate and the planarization layer;

an encapsulation layer that overlaps the planarization layer
and includes at least one inorganic layer including a low
temperature viscosity transition (CVT) inorganic mate-
rial, wherein the planarization layer is disposed between
the organic light emitting device and a portion of the
encapsulation layer; and

an intermediate layer that is disposed between the pla-
narization layer and the portion of the encapsulation
layer.

2. The organic light emitting display apparatus of claim 1,
wherein a thermal expansion coefficient of the intermediate
layer is between a thermal expansion coefficient of the encap-
sulation layer and a thermal expansion coefficient of the pla-
narization layer.

3. The organic light emitting display apparatus of claim 1,
wherein the intermediate layer includes an amorphous mate-
rial or a crystalline material that has a low viscosity or non-
sticking properties.

4. The organic light emitting display apparatus of claim 3,
wherein the amorphous material and the crystalline material
has a glass transition temperature that is higher than a glass
transition temperature Tgofthe LV T inorganic material of the
encapsulation layer.

5. The organic light emitting display apparatus of claim 1,
wherein the intermediate layer includes a low-melting point
material.

6. The organic light emitting display apparatus of claim 5,
wherein the low-melting point material includes an amor-
phous material or a crystalline material that has a lower melt-
ing temperature than a liquidization temperature of the LVT
inorganic material of the encapsulation layer.

7. The organic light emitting display apparatus of claim 1,
wherein the intermediate layer includes an elastic material
with a modulus of elasticity lower than 2.5 GPa.

8. The organic light emitting display apparatus of claim 1,
wherein the intermediate layer includes an amorphous mate-
rial that has a glass transition temperature that is lower than a
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solidus temperature of the LVT inorganic material of the
encapsulation layer and is higher than a working temperature
of the organic light emitting display apparatus.

9. The organic light emitting display apparatus of claim 1,
wherein the intermediate layer includes a material having a
low coefficient of thermal expansion.

10. The organic light emitting display apparatus of claim 9,
wherein the material having a low coefficient of thermal
expansion comprises chromium, cobalt, an aluminum oxide,
gadolinium, germanium, iridium, molybdenum, nickel, nio-
bium, platinum, titanium, vanadium or zirconium.

11. The organic light emitting display apparatus of claim 1,
wherein the intermediate layer includes an acrylic material
member and a fiber member that overlap each other.

12. The organic light emitting display apparatus of claim
11, wherein the fiber member includes a multidirectional fiber
formed of a low temperature viscosity transition (LVT) inor-
ganic material.

13. The organic light emitting display apparatus of claim 1,
wherein the intermediate layer includes a glass material con-
taining an LVT inorganic material, and is thinner than the
encapsulation layer.

14. The organic light emitting display apparatus of claim 1,
wherein the intermediate layer includes an adhesive material.

15. The organic light emitting display apparatus of claim 1,
wherein a viscosity transition temperature of the LVT inor-
ganic material is a minimum temperature at which flowabiltiy
is provided to the LVT inorganic material.

16. The organic light emitting display apparatus of claim 1,
wherein a viscosity transition temperature of the LVT inor-
ganic material is lower than a denaturalization temperature of
materials included in an organic layer of the organic light
emitting device.

17. The organic light emitting display apparatus of claim 1,
wherein the LVT inorganic material includes a tin oxide.

18. The organic light emitting display apparatus of claim 1,
wherein the LVT inorganic material further includes at least
one of a phosphor oxide, a boron phosphate, a tin fluoride, a
niobium oxide, and a tungsten oxide.

19. The organic light emitting display apparatus of claim 1,
wherein the LVT inorganic material of the encapsulation
layer includes SnO; SnO and P,O,; SnO and BPO,; SnO,
SnF,, and P,Os; SnO, SnF,, P,Os, and NbO; or SnO, SnF,,
P,Os, and WO,.

20. A method for manufacturing an organic light emitting
display apparatus, the method comprising:

forming an organic light emitting device that includes a

first electrode, a second electrode, and an organic layer

including at least an organic emission layer on a sub-

strate;

forming a planarization layer on the organic light emit-
ting device, wherein the planarization layer includes
an organic material;

forming an intermediate layer on the planarization layer;
and

forming a thin film encapsulation layer including at least
one inorganic layer that includes a low temperature
viscosity transition (LVT) on the intermediate layer.

21. The method of claim 20, wherein the forming the
encapsulation layer comprises:

forming a preliminary thin film encapsulation layer on the

intermediate layer;
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heating the preliminary thin film encapsulation layer at a
temperature higher than or equal to a viscosity transition
temperature of the inorganic material; and

after the heating, cooling the preliminary thin film encap-
sulation layer to a temperature lower than a denaturation
temperature of a material of the organic layer of the
organic light emitting device.

® 0% % % %



LT RBFROF) BNEXEREBRARFIESE
[F(2E)F US20150014646A1
HiES US14/147276
FRIFB(EMNPAGE) ZEERERLT
i (E R AGR) = EDISPLAY CO. , LTD.
LETERIB(ERR)A(E) = EDISPLAY CO. , LTD.
[FR1&BAA KAPLAN LEONID

KIM MIN SOO

PARK JIN WOO

HYUN WON SIK

KIM OU HYEN

LEE IL SANG

SHIN SANG WOOK

JUNG SUN YOUNG
KA KAPLAN, LEONID

KIM, MIN-SOO

PARK, JIN-WOO

HYUN, WON-SIK

KIM, OU-HYEN

LEE, IL-SANG

SHIN, SANG-WOOK

JUNG, SUN-YOUNG
IPCH %S HO01L51/52 HO1L51/56
CPCH k5 HO01L51/56 HO1L51/5253
k5 1020130082437 2013-07-12 KR
HAth 20 FF Sk Us9184412
SNEBEEE Espacenet USPTO
BE(R)

BIRAEREEQREER , A LBRSEREBHSERINENEN
BEHRRE, ANAXEREELSFELEILE  ZFELESHEILNL
FEEBHASERIME  ERENAXREREEERNFELE
ZE. AIAKXERRELEBRESHECERERF BIELTIM NS
(7 HEPPEERREERIAAR[MHNHERN B 2E. G
RAERRBEERBEPEE , ZHFHARREEVEICENHEZHN -8
bl

patsnap

2015-01-15

2014-01-03

L,

A

LR B O O O B O B O O R B O B O A
I R RN RN
thd bR AR R R R R R R

"

\-l):\..

‘\I)\\I\

//’//’//’/
il
///////////7
1000
L

/]



https://share-analytics.zhihuiya.com/view/70dd18b2-c764-4bcb-a722-94cc70719e79
https://worldwide.espacenet.com/patent/search/family/052107528/publication/US2015014646A1?q=US2015014646A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220150014646%22.PGNR.&OS=DN/20150014646&RS=DN/20150014646

