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(7) ABSTRACT

An organic light-emitting display apparatus includes: a sub-
strate, and an organic light-emitting device disposed on the
substrate. The organic light-emitting device includes a first
electrode, a second electrode, and an intermediate layer
including at least an organic emission layer. In addition, the
organic light-emitting display apparatus further includes a
thin film encapsulating layer disposed on the organic light-
emitting device. The thin film encapsulating layer includes at
least one inorganic film including a low temperature viscosity
transition (LVT) inorganic material. The LVT inorganic
material includes tin oxide and at least one of boron oxide
(B,0;), bismuth oxide (Bi,0;), barium oxide (BaO), and
ammonium dihydrogen phosphate (NH,H,PO,).
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ORGANIC LIGHT-EMITTING DISPLAY
APPARATUS AND METHOD FOR
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to Korean Patent
Application No. 10-2013-0088269, filed on Jul. 25,2013, the
disclosure of which is hereby incorporated by reference
herein in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to an organic light-
emitting display apparatus and a method for manufacturing
the same, and more particularly, to a display apparatus
capable of increasing encapsulation characteristic and dura-
bility, and a method for manufacturing the same.

DISCUSSION OF THE RELATED ART

[0003] Recently, display apparatuses have been used in
various ways. As the display apparatuses become slimmer
and lighter, the use of the display apparatuses is increasing.
An organic light-emitting display apparatus is a self-lumi-
nous display apparatus having low power consumption, wide
viewing angles, and high image quality.

[0004] The organic light-emitting display apparatus
includes an organic light-emitting device that includes a first
electrode, a second electrode, and at least an organic emission
layer disposed therebetween.

[0005] On the other hand, the organic light-emitting device
may be vulnerable to external moisture and heat. Therefore,
there may be a need for an encapsulating structure that encap-
sulates the organic light-emitting device.

[0006] Oneofmethods for forming the encapsulating struc-
ture is a sputtering method which uses a sputtering target.
However, it may be difficult to form the encapsulating struc-
ture by using a sputtering method. Consequently, it may be
difficult to increase the durability and encapsulation charac-
teristics of the organic light-emitting display apparatus when
using a sputtering method.

SUMMARY

[0007] Exemplary embodiments of the present invention
include a display apparatus capable of having increased
encapsulation characteristics and durability, and a method for
manufacturing the same.

[0008] According to an exemplary embodiment of the
present invention, an organic light-emitting display apparatus
includes: a substrate, and an organic light-emitting device
disposed on the substrate. The organic light-emitting device
includes a first electrode, a second electrode, and an interme-
diate layer including at least an organic emission layer. In
addition, the organic light-emitting display apparatus further
includes a thin film encapsulating layer disposed on the
organic light-emitting device. The thin film encapsulating
layer includes at least one inorganic film including a low
temperature viscosity transition (LVT) inorganic material.
The LVT inorganic material includes tin oxide and at least one
of boron oxide (B,0O;), bismuth oxide (Bi,0;), barium oxide
(Ba0), and ammonium dihydrogen phosphate (NH,H,PO,).
[0009] The LVT inorganic material may further include at
least one of tin fluoride, niobium oxide, and tungsten oxide.
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[0010] The LVT inorganic material may include tin oxide
(SnO) and X, and in which X may be at least one of B,O;,
Bi,0;, BaO, and NH,H,PO,.

[0011] The LVT inorganic material may include tin oxide
(SnO), tin fluoride (SnF,), and X, and in which X is at least
one of B,0;, Bi,0;, BaO, and NH,H,PO,.

[0012] The LVT inorganic material may include tin oxide
(SnO), tin fluoride (SnF,), X, and niobium oxide (NbO), and
in which X is at least one of B,O;, Bi,0;, BaO, and
NH,H,PO,.

[0013] The LVT inorganic material includes tin oxide
(SnO), tin fluoride (SnF,), X, and tungsten oxide (WO,), and
in which X is at least one of 8,0;, Bi,O;, BaO, and
NH,H,PO,.

[0014] A viscosity transition temperature of the LVT inor-
ganic material may be a minimum temperature capable of
providing a flowability to the LVT inorganic material.
[0015] A viscosity transition temperature of the LVT inor-
ganic material may be lower than a metamorphic temperature
of a material included in the intermediate layer of the organic
light-emitting device.

[0016] The organic light-emitting display apparatus may
further include a planarization layer or a protection layer
disposed between the organic light-emitting device and the
thin film encapsulating layer.

[0017] The thin film encapsulating layer may cover a top
surface and a side of the organic light-emitting device.
[0018] According to an exemplary embodiment of the
present invention, a method for manufacturing an organic
light-emitting display apparatus includes: forming an organic
light-emitting device on a substrate, in which the organic
light-emitting device includes a first electrode, a second elec-
trode, and an intermediate layer including at least an organic
emission layer, and forming a thin film encapsulating layer on
the organic light-emitting device. The thin film encapsulating
layer includes at least one inorganic film including a low
temperature viscosity transition (LVT) inorganic material.
The LVT inorganic material includes tin oxide and at least one
of boron oxide (B,0,), bismuth oxide (Bi,0,), barium oxide
(Ba0), and ammonium dihydrogen phosphate (NH,H,PO,).
[0019] The forming of the thin film encapsulating layer
may be performed using a sputtering process.

[0020] The sputtering process may be performed using a
sputtering target that includes tin oxide and at least one of
B,0;, Bi,0;, BaO, and NH,H,PO,.

[0021] The sputtering process may be performed while the
substrate is moving in at least one direction .

[0022] Thesputtering process may use two faced sputtering
targets that do not face the substrate.

[0023] The method may further include: generating a
plasma in a space between the two faced sputtering targets,
and disposing the substrate to face the space where the plasma
is generated.

[0024] One or more magnet units may be disposed to face a
surface opposite to a surface facing the plasma in surfaces of
the two faced sputtering targets.

[0025] The forming of the thin film encapsulating layer
may include: forming a preliminary thin film encapsulating
layer including the LVT inorganic material, and healing the
preliminary thin film encapsulating layer.

[0026] Thehealing of the preliminary thin film encapsulat-
ing layer may be performed in a temperature range from a
viscosity transition temperature of the LVT inorganic mate-
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rial to a metamorphic temperature of a material included in
the intermediate layer of the organic light-emitting device.
[0027] Thehealing of the preliminary thin film encapsulat-
ing layer may be performed in a temperature range from a
viscosity transition temperature of the LVT inorganic mate-
rial to a minimum value of metamorphic temperatures of a
material included in the intermediate layer of the organic
light-emitting device.

[0028] Thehealing of the preliminary thin film encapsulat-
ing layer may be performed at a viscosity transition tempera-
ture of the LVT inorganic material.

[0029] Thehealing of the preliminary thin film encapsulat-
ing layer may be performed by annealing the preliminary thin
film encapsulating layer in a temperature range of about 80°
C. to about 132° C. for about one hour to about three hours.
[0030] Thehealing of the preliminary thin film encapsulat-
ing layer may be performed in a vacuum atmosphere or an
inert gas atmosphere.

[0031] In accordance with an exemplary embodiment, an
organic light-emitting display apparatus is provided. The
organic light-emitting display apparatus includes a substrate,
[0032] and an organic light-emitting device disposed on a
top surface of the substrate. The organic light-emitting device
includes a first electrode, a second electrode, and an interme-
diate layer including at least an organic emission layer.
[0033] Inaddition, the organic light-emitting display appa-
ratus further includes a thin film encapsulating layer covering
a top surface and opposing sidewalls of the organic light-
emitting device and having lower edges which protrude out-
wardly along the top surface of the substrate. The thin film
encapsulating layer includes at least one inorganic film
including a low temperature viscosity transition (LVT) inor-
ganic material. The LVT inorganic material includes tin oxide
and at least one of boron oxide (B,0;), bismuth oxide
(Bi,03), barium oxide (BaO), and ammonium dihydrogen
phosphate (NH,H,PO,).

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] Exemplary embodiments of the present invention
can be understood in more detail from the following detailed
description, taken in conjunction with the accompanying
drawings in which:

[0035] FIG. 1 is a schematic cross-sectional view of an
organic light-emitting display apparatus according to an
embodiment of the present invention;

[0036] FIG. 2 is a schematic cross-sectional view of an
organic light-emitting display apparatus according to an
embodiment of the present invention;

[0037] FIG. 3 is a schematic cross-sectional view of an
organic light-emitting display apparatus according to an
embodiment of the present invention; and

[0038] FIGS.4A to 4D are views of a method for manufac-
turing an organic light-emitting display apparatus according
to an embodiment of the present invention.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0039] Reference will now be made in detail to embodi-
ments, examples of which are illustrated in the accompanying
drawings, wherein like reference numerals refer to the like
elements throughout. In this regard, exemplary embodiments
of the present embodiments may have different forms and
should not be construed as being limited to the descriptions
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set forth herein. Accordingly, exemplary embodiments are
merely described below, by referring to the figures, to explain
aspects of the present description. As used herein, the term
“and/or” includes any and all combinations of one or more of
the associated listed items. Expressions such as “at least one
of,” when preceding a list of elements, modify the entire list of
elements and do not modify the individual elements of the list.
[0040] It will be further understood that the terms “com-
prises” and/or “‘comprising” used herein specify the presence
of stated features or components, but do not preclude the
presence or addition of one or more other features or compo-
nents.

[0041] It will be understood that when a layer, region, or
component is referred to as being “formed on,” another layer,
region, or component, it can be directly or indirectly formed
on the other layer, region, or component. That is, for example,
intervening layers, regions, or components may be present.
[0042] Sizes of elements in the drawings may be exagger-
ated for convenience of explanation. In other words, as sizes
and thicknesses of components in the drawings are arbitrarily
illustrated for convenience of explanation, exemplary
embodiments are not limited thereto.

[0043] As used herein, the singular forms, “a”, “an”, and
“the” are intended to include plural forms as well, unless the
context clearly indicates otherwise.

[0044] Exemplary embodiments of the present invention
will be described below in more detail with reference to the
accompanying drawings. Throughout the disclosure, like ref-
erence numerals refer to like parts, and a redundant descrip-
tion thereof will be omitted.

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

[0046] Referring to FIG. 1, the organic light-emitting dis-
play apparatus 100 includes, for example, a substrate 101, an
organic light-emitting device 120, and a thin film encapsulat-
ing layer 150 including at least one inorganic film including a
low temperature viscosity transition (LVT) inorganic mate-
rial.

[0047] The substrate 101 may be formed using various
materials. For example, the substrate 101 may be formed of a
transparent glass material including silicon oxide (8i0,) as a
main component. In addition, the substrate 101 may be
formed of, for example, a transparent plastic material or a
transparent quartz material. Further, in an embodiment, the
substrate 101 may be, for example, a flexible substrate. Suit-
able materials for the flexible substrate include, for example,
polyethylenenaphthalate, polyethylene terephthalate, poly-
acryl, polyimide, polyethersulfone, polyvinyl chloride, or
combinations thereof.

[0048] Theorganic light-emitting device 120 is disposed on
the substrate 101 and includes, for example, a first electrode
121, a second electrode 122, and an intermediate layer 123.
For example, the first electrode 121 is disposed on the sub-
strate 101, the second electrode 122 is disposed on the first
electrode 121, and the intermediate layer 123 is disposed
between the first electrode 121 and the second electrode 122.
[0049] In an embodiment, a buffer layer formed of, for
example, silicon oxide (Si0,), silicon nitride (SiN_) and/or
silicon oxynitride (SiION) may be further disposed between
the first electrode 121 and the substrate 101. The buffer layer
may provide a flat surface on the substrate 101 and may
prevent moisture and gas from penetrating through the sub-
strate 101.
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[0050] Forexample, the first electrode 121 may function as
an anode, and the second electrode 122 may function as a
cathode. The order of the polarities of the first electrode 121
and the second electrode 122 may be reversed.

[0051] When the first electrode 121 functions as the anode,
the first electrode 121 may include, for example, indium tin
oxide (ITO), indium zinc oxide (IZO), zinc oxide (Zn0), or
indium oxide (In,O5) having a high work function. The first
electrode 121 may further include, for example, a reflection
film including silver (Ag), magnesium (Mg), aluminum (Al),
platinum (Pt), palladium (Pd), gold (Au), nickel (Ni), neody-
mium (Nd), iridium (Ir), chromium (Cr), lithium (Li), ytter-
bium (Yb), calcium (Ca), aluminum-lithium (Al—L1), mag-
nesium-Indium (Mg—In), or magnesium-silver (Mg—Ag)
depending on the purpose and design condition thereof.
[0052] When the second electrode 122 functions as the
cathode, the second electrode 122 may be formed of a metal
such as, forexample, Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li,
Ca, Al—Li, Mg—In, or Mg—Ag. In addition, the second
electrode 122 may include, for example, a light transmission
material, such as ITO, IZ0, ZnO, or In,0;.

[0053] Theintermediate layer 123 includes, for example, at
least an organic emission layer. In addition to the organic
emission layer, the intermediate layer 123 may include, for
example, at least one selected from the group consisting of a
hole injection layer, a hole transport layer, an electron trans-
port layer, and an electron injection layer.

[0054] When a voltage is applied to the first electrode 121
and the second electrode 122, visible light is generated from
the intermediate layer 123, and more particularly, the organic
emission layer of the intermediate layer 123.

[0055] In an embodiment, the organic light-emitting dis-
play apparatus 100 may include at least one thin film transis-
tor electrically connected to the organic light-emitting device
120. The organic light-emitting display apparatus 100 may
include, for example, at least one capacitor electrically con-
nected to the organic light-emitting device 120.

[0056] Inanembodiment,atleastone planarization layer or
at least one protection layer may be provided between the
organic light-emitting device 120 and the thin film encapsu-
lating layer 150. The planarization layer or the protection
layer provide a flat surface on the organic light-emitting
device 120 and primarily protect the organic light-emitting
device 120. The planarization layer or the protection layer
may be formed using various insulating materials. For
example, the planarization layer or the protection layer may
be formed using an organic material. For example, in an
embodiment, the planarization layer may be formed of a
material selected from the group consisting of benzocy-
clobutene (BCB), polyimide (PI), polyamide (PA), an acrylic
resin and a phenolic resin. Also, in an embodiment, the pro-
tection layer may be formed of, for example, an inorganic
insulating layer having a silicon oxide (Si0,) layer, a silicon
nitride (SiNXx) layer or a stacked structure thereof.

[0057] Thethin film encapsulating layer 150 is provided on
the organic light-emitting device 120. The thin film encapsu-
lating layer 150 includes, for example, at least one inorganic
film including an LVT inorganic material.

[0058] The term “viscosity transition temperature” used
herein does not refer to a temperature at which the LVT
inorganic material completely changes from solid to liquid,
but refers to a minimum temperature at which fluidity may be
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provided to the LVT inorganic material, that is, a minimum
temperature at which a viscosity of the LVT inorganic mate-
rial changes.

[0059] The viscosity transition temperature of the LVT
inorganic material may be, for example, lower than the meta-
morphic temperature of the material included in the interme-
diatelayer 123. For example, the viscosity transition tempera-
ture of the LVT inorganic material may be lower than the
minimum value of the metamorphic temperatures of the
material included in the intermediate layer 123.

[0060] The metamorphic temperature of the intermediate
layer 123 refers to a temperature that may cause a physical
metamorphosis and/or a chemical metamorphosis of the
material included in the intermediate layer 123. A plurality of
metamorphic temperatures may be present depending on
types and number of the material included in the intermediate
layer 123. For example, the viscosity transition temperature
of the LVT inorganic material and the metamorphic tempera-
ture of the intermediate layer 123 may refer to a glass transi-
tion temperature (Tg) of the LVT inorganic material and a
glass transition temperature (Tg) of an organic material
included in the intermediate layer 123.

[0061] The glass transition temperature may be measured
by, for example, performing a Thermo Gravimetric Analysis
(TGA) on the organic material included in the LVT inorganic
material and the intermediate layer 123.

[0062] For example, the glass transition temperature may
be derived from a result of a thermal analysis using a TGA and
a Differential Scanning calorimetry (DSC) with respect to the
material included in the intermediate layer 123 (N, atmo-
sphere, temperature range: room temperature to about 600°
C. (10° C./min)-TGA, room temperature to about 400°
C.-DSC, pan type: Pt pan in disposable Al Pan (TGA), dis-
posable Al pan (DSC)), which may easily be recognized by
those skilled in the art.

[0063] The metamorphic temperature of the material
included in the intermediate layer 123 may exceed, for
example, about 130° C., but exemplary embodiments of the
present invention are not limited thereto. As described above,
the metamorphic temperature of the material included in the
intermediate layer 123 may readily be measured through the
TGA.

[0064] The minimum value among the metamorphic tem-
peratures of the material included in the intermediate layer
123 may be, for example, about 130° C. to about 140° C. For
example, the minimum value among the metamorphic tem-
peratures of the material included in the intermediate layer
123 may be, for example, about 132° C., but exemplary
embodiments of the present invention are not limited thereto.
As described above, the minimum value among the metamot-
phic temperatures of the material included in the intermediate
layer 123 may be determined by obtaining the values of Tg
through the TGA and selecting the minimum value among the
various values of Tg.

[0065] Forexample, the viscosity transition temperature of
the LVT inorganic material may be about 80° C. or higher. In
an embodiment, the viscosity transition temperature of the
LVT inorganic material may be, for example, in the range of
about 80° C. to about 132° C., but exemplary embodiments of
the present invention are not limited thereto. For example, in
an embodiment, the viscosity transition temperature of the
LVT inorganic material may be about 80° C. to about 120°C.,
or about 100° C. to about 120° C., but exemplary embodi-
ments of the present invention are not limited thereto. For
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example, in an embodiment, the viscosity transition tempera-
ture of the LVT inorganic material may be about 110° C.
[0066] The LVT inorganic material may be a single com-
pound or a mixture of two or more kinds of compounds.
[0067] The LVT inorganic material includes, for example,
tin oxide (for example, SnO or SnO,). In addition, the LVT
inorganic material further includes, for example, any one of
boron oxide (B,O,), bismuth oxide (Bi,O;), barium oxide
(Ba0), and ammonium dihydrogen phosphate (NH,H,PO,).
The content of SnO may be, for example, about 20 wt % to
about 100 wt %.

[0068] For example, the LVT inorganic material may fur-
ther include one or more of tin fluoride (for example, SnF,),
niobium oxide (for example, NbO), and tungsten oxide (for
example, WO,), but exemplary embodiments of the present
invention are not limited thereto.

[0069] For example, the LVT inorganic material may be
[0070] SnO and X;
[0071] SnO, SoF,, and X:
[0072] SnO, SnF,, X, and NbO; or
[0073] SnO, SnF,, X, and WO,.
[0074] TheX may be, forexample, any one of B,O,, Bi,O,,

BaO, and NH,H,PO,,.

[0075] Alternatively, in an embodiment, the X may be, for
example, multiple. For example, the X may include B,O; and
BaO. In this case, the LVT inorganic material may be

[0076] SnO, B,O,, and BaO;
[0077] SnO, SnF,, B,O,, and BaO;
[0078] SnO, SnF,, B,O;, BaO, and NbO; or
[0079] SnO, SnF,, B,O5, BaO, and WO,.
[0080] However, the present embodiment of the present

invention is not limited thereto, and the X may include, for
example, at least two of B,0;, Bi,05, BaO, and NH,H,PO,.
[0081] AsallofB,0;,Bi,0;, BaO, and NH,H,PO, have an
excellent reactivity with SnO, the ILVT inorganic material
may readily be formed. As B,0O;, Bi,O,;, BaO, and
NH,H,PO, each have a low reactivity with moisture, it is
possible to prevent the thin film encapsulating layer 150
including the VT inorganic material from being expanded
by moisture or being peeled off from adjacent layers. There-
fore, dark spots of the organic light-emitting display appara-
tus 100 are suppressed, and the durability thereofis increased.
[0082] AsB,O; has excellent chemical durability and alow
melting point, the manufacturing process and encapsulation
characteristic of the thin film encapsulating layer 150 by
using the LVT inorganic material are increased. As BaQ has
excellent chemical durability and a high transmittance, a
transmittance of the thin film encapsulating layer 150 is
increased. NH,H, PO, effectively suppresses a reactivity with
moisture while reacting with SnO.

[0083] For example, the LVT inorganic material may have
the following composition, but the present embodiment of the
present invention is not limited thereto. As described above, X
may be, for example, any one of B,O;, Bi,O,, BaO, and
NH,H,PO,. Alternatively, in an embodiment, X may include,
for example, at least two of B,O,;, Bi,O,, BaO, and
NH,H,PO,.

[0084] 1) SnO (80 wt %) and X (20 wt %); (for example, X
means 20 wt % of B,O5 or 20 wt % of (B,O;+Ba0)

[0085] 2) SnO (20-50 wt %), SnF, (30-60 wt %), and X
(10-30 wt %) (where the total weight of SnO, SnF,, and X is
100 wt %);
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[0086] 3)SnO (20-50 wt %), SnF, (30-60 wt %), X (10-30
wt %), and NbO (1-5 wt %) (where the total weight of SnO,
SnF,, X, and NbO is 100 wt %); or

[0087] 4)SnO (20-50 wt %), SnF,, (30-60 wt %), X (10-30
wt %), and WO, (1-5 wt %) (where the total weight of SnO,
SnF,, X. and WO, is 100 wt %).

[0088] For example, the LVT inorganic material may
include SnO (42.5 wt %), SnF, (40 wt %), X (15 wt %), and
WO, (2.5 wt %), but exemplary embodiments of the present
invention are not limited thereto.

[0089] When the thin film encapsulating layer 150 includ-
ing the inorganic film of the above-described composition is
formed, the viscosity transition temperature may be main-
tained to be lower than the metamorphic temperature of the
intermediate layer 123. Therefore, various types of defects,
which may be formed in the thin film encapsulating layer 150,
may be healed in a healing process to be described below.
[0090] Inanembodiment, the thin film encapsulating layer
150 may include, for example, a film-formation component.
The film-formation component may be, for example, inor-
ganic particles formed during the film formation process of
the thin film encapsulating layer 150. As described below, the
film-formation component may be healed in the subsequent
healing process and form a portion of the thin film encapsu-
lating layer 150.

[0091] The organic light-emitting display apparatus 100
according to the present embodiment includes, for example,
the thin film encapsulating layer 150 on the organic light-
emitting device 120, and the thin film encapsulating layer 150
includes, for example, the LVT inorganic material. Therefore,
it is possible to prevent thermal damage to the intermediate
layer 123 of the organic light-emitting device 120 and to
increase moisture permeability characteristics thereof. In
addition, the use of the thin film encapsulating layer 150
suppresses damage to the organic light-emitting display
apparatus 100 even though various film-formation compo-
nents may be generated.

[0092] According to the present embodiment, as the LVT
inorganic material provided in the thin film encapsulating
layer 150 includes, for example, SnO and one or more of
B,0;, Bi, 05, BaO, and NH,H,PO,, a reactivity with SnO is
increased and a reactivity with moisture is suppressed. Hence,
a manufacturing characteristic of the thin film encapsulating
layer 150 is increased, and an encapsulation characteristic of
the thin film encapsulating layer 150 is increased. Conse-
quently, the failure of the organic light-emitting display appa-
ratus 100 is suppressed, and the durability of the organic
light-emitting display apparatus 100 is increased.

[0093] FIG. 2 is a schematic cross-sectional view of an
organic light-emitting display apparatus according to an
embodiment of the present invention. Referring to FI1G. 2, the
organic light-emitting display apparatus 200 includes, for
example, a substrate 201, an organic light-emitting device
220, and a thin film encapsulating layer 250 including at least
one inorganic film including an UVT inorganic material.

[0094] The organic light-emitting device 220 includes, for
example, a first electrode 221, a second electrode 222, and an
intermediate layer 223.

[0095] For convenience, the following description will
focus on differences between the above-described organic
light-emitting display apparatus of FIG. 1 and the organic
light-emitting display apparatus of the present exemplary
embodiment of FIG. 2.
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[0096] The present embodiment of FIG. 2 differs from the
above-described organic light-emitting display apparatus of
FIG. 1 in the structure of the thin film encapsulating layer 250.
In the present embodiment, the thin film encapsulating layer
250 is configured to cover a top surface and a side of the
organic light-emitting device 220. This may prevent the
organic light-emitting device 220 from being damaged from
moisture, external gas, and foreign substances. In addition,
the thin film encapsulating layer 250 contacts the substrate
201. Therefore, the thin film encapsulating layer 250 effec-
tively encapsulates the organic light-emitting device 220. As
the thin film encapsulating layer 250 contacts the substrate
201, the thin film encapsulating layer 250 may not be peeled
off from the organic light-emitting display apparatus 200, and
the durability of the thin film encapsulating layer 250 is
increased. In an embodiment, the thin film encapsulating
layer 250 may contact an insulating film or a conductive film
additionally formed on the top surface of the substrate 201.
[0097] As materials used to form the organic light-emitting
device 220 and the thin film encapsulating layer 250 are
substantially identical to those materials used to form the
above-described organic light-emitting display apparatus of
FIG. 1, a detailed description thereof will be omitted.

[0098] FIG. 3 is a cross-sectional view of an organic light-
emitting display apparatus according to an embodiment of the
present invention.

[0099] Referring to FIG. 3, the organic light-emitting dis-
play apparatus 200" includes, for example, a substrate 201", an
organic light-emitting device 220", and a thin film encapsu-
lating layer 250'. The thin film encapsulating layer 250’
includes, for example, at least one inorganic film including an
LVT inorganic material. The organic light-emitting device
220" includes, for example, a first electrode 221", a second
electrode 222, and an intermediate layer 223'.

[0100] For convenience, the following description will
focus on differences between the above-described organic
light-emitting display apparatuses of FIGS. 1 and 2 and the
organic light-emitting display apparatus of the present
embodiment of FIG. 3.

[0101] In the present embodiment, an edge of the thin film
encapsulating layer 250" protrudes outward. For example , a
region contacting the substrate 201" in the thin film encapsu-
lating layer 250" protrudes, leading to an increase in a contact
area between the thin film encapsulating layer 250" and the
substrate 201'. Due to the increase in the contact area between
the thin film encapsulating layer 250" and the substrate 201", it
is possible to effectively prevent moisture, gas and foreign
substances from penetrating through a gap between the thin
film encapsulating layer 250" and the substrate 201'. In addi-
tion, as the thin film encapsulating layer 250' is stably con-
nected to the substrate 201", the durability of the thin film
encapsulating layer 250" and the organic light-emitting dis-
play apparatus 200' is increased.

[0102] As materials used to form the organic light-emitting
device 220" and the thin film encapsulating layer 250" are
substantially identical to those materials used to form the
above-described organic light-emitting display apparatuses
of FIGS. 1 and 2, a detailed description thereof will be omit-
ted.

[0103] FIGS. 4A to 4D are views of a method for manufac-
turing an organic light-emitting display apparatus according
to an embodiment of the present invention.

[0104] Inthisembodiment, a method for manufacturing the
organic light-emitting display apparatus 200 of F1G. 2 will be
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described below. However, this is merely for convenience of
description, and it is clear that the present embodiment may
also be applied to, for example, the organic light-emitting
display apparatuses 100 and 200' of FIGS. 1 and 3, respec-
tively.

[0105] Referring to FIG. 4A, an organic light emitting
device 220 is formed on a substrate 201. The organic light-
emitting device 220 includes, for example, a first electrode
221, a second electrode 222, and an intermediate layer 223.
The intermediate layer 223 includes, for example, at least an
inorganic emission layer.

[0106] Inanembodiment, aplanarization layer or a protec-
tion layer may be, for example, further formed on the organic
light-emitting device 220.

[0107] Referring to FIG. 4B, a preliminary thin film encap-
sulating layer 251 for forming a thin film encapsulating layer
250 is formed. As described above, the preliminary thin film
encapsulating layer 251 is formed using, for example, an LVT
inorganic material. The forming of the preliminary thin film
encapsulating layer 251 may be performed using, for
example, a sputtering process, a vacuum evaporation process,
alow-temperature deposition process, an electron beam coat-
ing process, or an ion plating process.

[0108] For example, the LVT inorganic material having a
composition SnO—SnF,—X—WO, may be provided on the
organic light-emitting device 220 through the sputtering pro-
cess. In this case, as described above, X includes, for
example, at least one of B,0;, Bi,O5, BaO, and NH,H,PO,.

[0109] FIG. 4C exemplarily illustrates a method of forming
the preliminary thin film encapsulating layer 251 including
the LVT inorganic material on the organic light-emitting
device 220 and the substrate 201 by using a sputtering appa-
ratus SA.

[0110] Referring to FIG. 4C, the sputtering apparatus SA
includes, for example, two faced sputtering targets TA within
a housing HU.

[0111] Thesputtering target TA includes, for example, SnO
and X. As described above, X includes, for example, at least
one of B,0O,, Bi,0,, BaO, and NH,H,PO,,. For example, the
sputtering target TA includes SnO, SnF,, X, and WO;, and X
includes at least one of B,O,, Bi,0,, BaO, and NH,H,PO,.

[0112] Magnet units MG are disposed on surfaces opposite
to the surfaces facing the sputtering targets TA. The substrate
201 does not directly face the sputtering targets TA. For
example, the substrate 201 is disposed to face a space between
the two faced sputtering targets. Plasma is generated in the
space between the two faced sputtering targets TA. Atoms of
inert gas, such as, for example, argon (Ar), which has no
directrelation to the sputtering, rarely directly travels towards
the substrate 201. Therefore, it is possible to prevent damage
to the surface of the substrate 201 or the organic light-emit-
ting device 220 formed on the surface of the substrate 201.

[0113] In the present embodiment, the organic light-emit-
ting device 220 has been formed on the substrate 201. How-
ever, alternatively, in an embodiment, a planarization layer or
aprotection layer may be formed on the substrate 201 prior to
forming the organic light-emitting device 220. To effectively
perform the process of forming the preliminary thin film
encapsulating layer 251, the process may be performed, for
example, while the substrate 201 is moving in one or more
directions. In this manner, the preliminary thin film encapsu-
lating layer 251 having a desired thickness (for example,
about 1 um) may readily be formed.
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[0114] In an embodiment, the preliminary thin film encap-
sulating layer 251 may include various defects such as, for
example, afilm-formation component, a pinhole, and an envi-
ronmental component. The environmental component is, for
example, an organic material or an inorganic material. The
environmental component may be, for example, particles
attached during the forming of the organic light-emitting
display apparatus 200. In addition, defects such as, for
example, an empty space between the preliminary thin film
encapsulating layer 251 and the organic light-emitting device
120 may be generated. The film-formation component refers
to an aggregate particle of the LVT inorganic material that
does not contribute to the film formation during the film
formation of the preliminary thin film encapsulating layer
251. The pinhole is a region where the LVT inorganic material
is not provided.

[0115] The above-described defects of the preliminary thin
film encapsulating layer 251 may serve as a passage of exter-
nal environmental materials such as, for example, moisture or
oxygen. This may cause progressive dark spots to be formed,
which may reduce the life of the organic light-emitting dis-
play apparatus 200.

[0116] Therefore, after the preliminary thin film encapsu-
lating layer 251 is formed, a healing process is performed to
form the thin film encapsulating layer 250 as illustrated in
FIG. 4D.

[0117] The healing process is performed, for example, at a
higher temperature than a viscosity transition temperature of
the LVT inorganic material. For example, the healing process
may be performed by annealing the preliminary thin film
encapsulating layer 251 in the range from the viscosity tran-
sition temperature of the LVT inorganic material to the meta-
morphic temperature of the material of the intermediate layer
included in the organic light-emitting device 220. Alterna-
tively, in an embodiment, the healing process may be per-
formed by, for example, annealing the preliminary thin film
encapsulating layer 251 in the range from the viscosity tran-
sition temperature of the LVT inorganic material to a mini-
mum value of metamorphic temperatures of the material
included in the intermediate layer of the organic light-emit-
ting device 220. Alternatively, in an embodiment, the healing
process may be performed, for example, at the viscosity tran-
sition temperature of the LVT inorganic material. For
example, the healing process may be performed by annealing
the preliminary thin film encapsulating layer 251 in the range
of about 80° C. to about 132° C. (for example, in the range of
about 80° C. to about 120° C. or in the range of about 100° C.
to about 120° C.) for about one hour to about three hours (for
example, at about 110° C. for about two hours), but exem-
plary embodiments of the present invention are not limited
thereto. When the temperature of the heating process satisfies
the above-described range, the fluidity of the LVT inorganic
material of the preliminary thin film encapsulating layer 251
may be achieved and the metamorphosis of the intermediate
layer of the organic light-emitting device 220 may be pre-
vented. To prevent the preliminary thin film encapsulating
layer 251 from being exposed to the external environment
through the pinhole, the healing process may be performed,
for example, in an IR oven under a vacuum atmosphere or an
inert gas atmosphere (for example, N, atmosphere or Ar
atmosphere).

[0118] Dueto the healing process, the LV T inorganic mate-
rial included in the preliminary thin film encapsulating layer
251 may be fluidized. The fluidized LVT inorganic material
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may have a flowability. Therefore, during the healing process,
the fluidized LVT inorganic material may flow in and fill a gap
formed by the environmental component, the fluidized TVT
inorganic material may flow in and fill the pinhole, and the
film-formation component may be fluidized and fill the pin-
hole.

[0119] By forming the thin film encapsulating layer 250,
the organic light-emitting display apparatus 200 is com-
pleted.

[0120] In addition, alternatively in an embodiment, a heal-
ing process may be further performed. In other words, the
heat resistance and mechanical strength of the thin film
encapsulating layer 250 may be increased by performing the
healing process two times.

[0121] As described above, according to embodiments of
the present invention, the organic light-emitting display appa-
ratus and the method for manufacturing the same may readily
increase the durability and encapsulation characteristics
thereof.

[0122] Having described exemplary embodiments of the
present invention, it is further noted that it is readily apparent
to those of ordinary skill in the art that various modifications
may be made without departing from the spirit and scope of
the invention which is defined by the metes and bounds of the
appended claims.

What is claimed is:

1. An organic light-emitting display apparatus comprising:

a substrate;

an organic light-emitting device disposed on the substrate,

wherein the organic light-emitting device comprises a
first electrode, a second electrode, and an intermediate
layer including at least an organic emission layer; and

a thin film encapsulating layer disposed on the organic

light-emitting device, wherein the thin film encapsulat-
ing layer comprises at least one inorganic film including
a low temperature viscosity transition (LVT) inorganic
material,

wherein the LVT inorganic material includes tin oxide and

at least one of boron oxide (B,0;), bismuth oxide
(Bi,0,), barium oxide (BaO), and ammonium dihydro-
gen phosphate (NH,H,PO,,).

2. The organic light-emitting display apparatus of claim 1,
wherein the LVT inorganic material further includes at least
one of tin fluoride, niobium oxide, and tungsten oxide.

3. The organic light-emitting display apparatus of claim 1,
wherein the LVT inorganic material includes tin oxide (SnO)
and X, wherein X is at least one of B,O;, Bi,05, BaO, and
NH,H,PO,.

4. The organic light-emitting display apparatus of claim 1,
wherein the LVT inorganic material includes tin oxide (SnO),
tin fluoride (SnF,), and X, wherein X is at least one of B,O,,
Bi,0;, BaO, and NH_H,PO,.

5. The organic light-emitting display apparatus of claim 1,
wherein the LVT inorganic material includes tin oxide (SnO),
tin fluoride (SnF,), X, and niobium oxide (NbO), wherein X
is at least one of B,0;, Bi,0;, BaO, and NH,H,PO,.

6. The organic light-emitting display apparatus of claim 1,
wherein the LVT inorganic material includes tin oxide (SnO),
tin fluoride (SnF,), X, and tungsten oxide (WO,) , wherein X
is at least one of B,0O;, Bi,0;, BaO, and NH,H,PO,.

7. The organic light-emitting display apparatus of claim 1,
wherein a viscosity transition temperature of the LVT inor-
ganic material is a minimum temperature capable of provid-
ing a flowability to the LVT inorganic material.
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8. The organic light-emitting display apparatus of claim 1,
wherein a viscosity transition temperature of the LVT inot-
ganic material is lower than a metamorphic temperature of a
material included in the intermediate layer of the organic
light-emitting device.
9. The organic light-emitting display apparatus of claim 1,
further comprising a planarization layer or a protection layer
disposed between the organic light-emitting device and the
thin film encapsulating layer.
10. The organic light-emitting display apparatus of claim 1,
wherein the thin film encapsulating layer covers a top surface
and a side of the organic light-emitting device.
11. A method for manufacturing an organic light-emitting
display apparatus, the method comprising:
forming an organic light-emitting device on a substrate,
wherein the organic light-emitting device includes a first
electrode, a second electrode, and an intermediate layer
including at least an organic emission layer; and

forming a thin film encapsulating layer on the organic
light-emitting device, wherein the thin film encapsulat-
ing layer comprises at least one inorganic film including
a low temperature viscosity transition (LVT) inorganic
material,

wherein the LVT inorganic material includes tin oxide and

at least one of boron oxide (B,0;), bismuth oxide
(B1,0,), barium oxide (BaO), and ammonium dihydro-
gen phosphate (NH,H,PO,,).

12. The method of claim 11, wherein the forming of the
thin film encapsulating layer is performed using a sputtering
process.

13. The method of claim 12, wherein the sputtering process
is performed using a sputtering target that includes tin oxide
and at least one of B,0;, Bi,05, BaO, and NH,H,PO,.

14. The method of claim 12, wherein the sputtering process
is performed while the substrate is moving in at least one
direction.

15. The method of claim 12, wherein the sputtering process
uses two faced sputtering targets that do not face the substrate.

16. The method of claim 15, further comprising:

generating a plasma in a space between the two faced

sputtering targets; and

disposing the substrate to face the space where the plasma

is generated.

17. The method of claim 16, wherein one or more magnet
units are disposed to face a surface opposite to a surface
facing the plasma in surfaces of the two faced sputtering
targets.

18. The method of claim 11, wherein the forming of the
thin film encapsulating layer comprises:
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forming a preliminary thin film encapsulating layer includ-

ing the LVT inorganic material; and

healing the preliminary thin film encapsulating layer.

19. The method of claim 18, wherein the healing of the
preliminary thin film encapsulating layer is performed in a
temperature range from a viscosity transition temperature of
the LVT inorganic material to a metamorphic temperature of
a material included in the intermediate layer of the organic
light-emitting device.

20. The method of claim 18, wherein the healing of the
preliminary thin film encapsulating layer is performed in a
temperature range from a viscosity transition temperature of
the LVT inorganic material to a minimum value of metamor-
phic temperatures of a material included in the intermediate
layer of the organic light-emitting device.

21. The method of claim 18, wherein the healing of the
preliminary thin film encapsulating layer is performed at a
viscosity transition temperature of the LVT inorganic mate-
rial.

22. The method of claim 18, wherein the healing of the
preliminary thin film encapsulating layer is performed by
annealing the preliminary thin film encapsulating layer in a
temperature range of about 80° C. to about 132° C. for about
one hour to about three hours.

23. The method of claim 18, wherein the healing of the
preliminary thin film encapsulating layer is performed in a
vacuum atmosphere or an inert gas atmosphere.

24. An organic light-emitting display apparatus compris-
ing:

a substrate;

an organic light-emitting device disposed on a top surface

of the substrate, wherein the organic light-emitting
device comprises a first electrode, a second electrode,
and an intermediate layer including at least an organic
emission layer; and

a thin film encapsulating layer covering a top surface and

opposing sidewalls of the organic light-emitting device
and having lower edges which protrude outwardly along
the top surface of the substrate, wherein the thin film
encapsulating layer comprises at least one inorganic film
including a low temperature viscosity transition (LVT)
inorganic matetial,

wherein the LVT inorganic material includes tin oxide and

at least one of boron oxide (B,O,), bismuth oxide
(Bi,0;), barium oxide (Ba0), and ammonium dihydro-
gen phosphate (NH,H,PO,).

25. The organic light-emitting display apparatus of claim
24, wherein the thin film encapsulating layer contacts the top
surface of the substrate.
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