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(7) ABSTRACT

Provided is an organic light-emitting display apparatus. The
organic light-emitting display apparatus includes a substrate,
an organic light-emitting unit formed on the substrate and
including a stacked structure of a first electrode, an interme-
diate layer, and a second electrode, an organic layer formed
on the organic light-emitting unit, a first adhesion promoting
layer formed on the organic layer, and a first inorganic layer
formed on the adhesion promoting layer and including a low
temperature viscosity transition (LVT) inorganic material.
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ORGANIC LIGHT-EMITTING DISPLAY
APPARATUS AND METHOD OF
MANUFACTURING THE SAME

RELATED APPLICATIONS

[0001] This application claims the benefit of Korean Patent
Application No. 10-2013-0092653, filed on Aug. 5, 2013, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

BACKGROUND

[0002] 1.Field

[0003] The present disclosure relates to an organic light-
emitting display apparatus and a method of manufacturing
the same.

[0004] 2. Description of the Related Art

[0005] An organic light-emitting display apparatus is a
light-emitting apparatus having large viewing angles, good
contrast, rapid response time, good luminance, and good
properties concerning a driving voltage and a response. In
addition, a polychromatic display is possible.

[0006] The organic light-emitting display apparatus may
include an organic light-emitting unit including a lower elec-
trode, an organic layer, and an upper electrode. Since the
organic light-emitting unit is weak with respect to an external
environment such as oxygen, moisture, and the like, an encap-
sulating structure encapsulating the organic light-emitting
unit from the external environment is necessary.

[0007] In addition, developments of a flat panel organic
light-emitting apparatus and/or a flexible organic light-emit-
ting apparatus are also needed.

SUMMARY

[0008] An organic light-emitting display apparatus includ-
ing a stable thin film encapsulation structure, and a method of
manufacturing the same are provided.

[0009] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may belearned by practice ofthe presented
embodiments.

[0010] In one aspect, an organic light-emitting display
apparatus includes a substrate, an organic light-emitting unit
formed on the substrate and including a stacked structure of a
first electrode, an intermediate layer, and a second electrode,
an organic layer formed on the organic light-emitting unit, a
first adhesion promoting layer formed on the organic layer,
and a first inorganic layer formed on the first adhesion pro-
moting layer and including a low temperature viscosity tran-
sition (LVT) inorganic material.

[0011] The first adhesion promoting layer may include at
least one of a metal oxide and an organometallic compound.

[0012] The organic layer may be also formed on the sub-
strate.

[0013] The LVT inorganic material may include tin oxide.
[0014] The first adhesion promoting layer and the first inor-

ganic layer may also be formed on the substrate.

[0015] The substrate may be a flexible substrate.

[0016] The organic light-emitting display apparatus may
further include a second adhesion promoting layer formed on
the first inorganic layer, and a second inorganic layer formed
on the second adhesion promoting layer and including the
LVT inorganic material.
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[0017] The second adhesion promoting layer and the sec-
ond inorganic layer may also be formed on the substrate.
[0018] The organic light-emitting display apparatus may
further include an encapsulation substrate on the second inor-
ganic layer.

[0019] According to another aspect, a method of manufac-
turing an organic light-emitting display apparatus includes
forming an organic light-emitting unit including a stacked
structure of a first electrode, an intermediate layer, and a
second electrode on a substrate, forming an organic layer on
the organic light-emitting unit, forming a first adhesion pro-
moting layer including at least one of a metal oxide and an
organometallic compound on the organic layer, and forming
a first inorganic layer including a low temperature viscosity
transition (LVT) inorganic material on the first adhesion pro-
moting layer.

[0020] The forming of the first inorganic layer may further
include providing the LVT inorganic material on the first
adhesion promoting layer to form a first pre-inorganic layer
including the IVT inorganic material, and curing the first
pre-inorganic layer at a temperature above a viscosity transi-
tion temperature of the LVT inorganic material.

[0021] The organic layer may also be formed on the sub-
strate.
[0022] Thefirst adhesion promoting layer and the first inot-

ganic layer may also be formed on the substrate.

[0023] The method may further include forming a second
adhesion promoting layer including at least one of a metal
oxide and an organometallic compound on the first inorganic
layer, and forming a second inorganic layer including the
LVT inorganic material on the second adhesion promoting
layer.

[0024] The method may further include forming an encap-
sulation substrate on the second inorganic layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the embodiments, taken in conjunction with the accompa-
nying drawings in which:

[0026] FIGS. 1 to 3 are schematic diagrams illustrating a
method of manufacturing an organic light-emitting display
apparatus subsequently, in accordance with an example
embodiment;

[0027] FIGS. 4 and 5 are schematic diagrams illustrating
Comparative Examples for explaining an effect of an organic
light-emitting display apparatus in accordance with an
example embodiment;

[0028] FIG. 6 is a schematic diagram illustrating a method
of manufacturing an organic light-emitting display apparatus,
in accordance with another example embodiment; and
[0029] FIG. 7 is a schematic diagram illustrating a method
of manufacturing an organic light-emitting display apparatus,
in accordance with another example embodiment.

DETAILED DESCRIPTION

[0030] 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 like ele-
ments throughout. In this regard, the present embodiments
may have different forms and should not be construed as
being limited to the descriptions set forth herein. Accord-
ingly, the embodiments are merely described below, by refer-
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ring to the figures, to explain aspects of the present disclosure.
As used herein, the term “and/or” includes any and all com-
binations 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.

[0031] Hereinafter, the constitution and the function will be
described in detail referring to example embodiments illus-
trated in the attached drawings.

[0032] Sizes of elements in the drawings may be exagger-
ated for convenience of explanation. In other words, because
sizes and thicknesses of components in the drawings are
arbitrarily illustrated for convenience of explanation, the fol-
lowing embodiments are not limited thereto.

[0033] Itwill be understood that although the terms “first”,
“second”, etc. may be used herein to describe various com-
ponents, these components should not be limited by these
terms. These components are only used to distinguish one
component from another. 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 compo-
nents may be present.

[0034] FIGS. 1 to 3 are schematic diagrams illustrating a
method of manufacturing an organic light-emitting display
apparatus in accordance with an example embodiment.
[0035] First, a substrate 11 is prepared. The substrate 11
may be a substrate used in a common organic light-emitting
display apparatus. The substrate 11 may be formed by using
amaterial having good mechanical strength, thermal stability,
surface smoothness, easy handling properties, and water-re-
sistance.

[0036] The substrate 11 may be formed by using a rigid
material, and may be, for example, one of a glass substrate, a
plastic substrate, a metal substrate, and a carbon fiber sub-
strate. When the organic light-emitting display apparatus is a
flexible display apparatus, the substrate 11 may be formed by
using a flexible material, and may be, for example, one of a
polyimide (PI) substrate and a polyethylene terephthalate
(PET) substrate.

[0037] An organic light-emitting unit 13 is formed on the
substrate 11. The organic light-emitting unit 13 has a stacked
structure of a first electrode 134, an intermediate layer 135,
and a second electrode 13¢ on the substrate 11.

[0038] The first electrode 13a may be formed by providing
a first electrode-forming material on the substrate 11 by a
deposition method or a sputtering method. When the first
electrode 13ais an anode, a lower electrode-forming material
may be selected from materials having a high work function
for easy hole injection. Based on the type of the organic
light-emitting display apparatus to be formed, the first elec-
trode 13a may be a reflection type electrode, a semi-transpar-
ent type electrode, or a transparent type electrode. The first
electrode-forming material may include transparent and con-
ductive materials such as, for example, indium tin oxide
(ITO), indium zinc oxide (IZ0), tin oxide (SnO,), zinc oxide
(Zn0), and the like. The first electrode 13a may be formed as
the reflection type electrode when using, for example, mag-
nesium (Mg), aluminum (Al), aluminum-lithium (Al—Li),
calcium (Ca), magnesium-indium (Mg—In), magnesium-sil-
ver (Mg—Ag), and the like.

[0039] Thefirstelectrode 13a may have a single layer struc-
ture or a multi-layer structure of two or more layers. For
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example, the first electrode 13a may have a three-layer struc-
ture of ITO/AZ/ITO to obtain a top emission type light-emit-
ting apparatus. However, the present invention is not limited
thereto.

[0040] Onthefirstelectrode 134, the intermediate layer 135
is provided.
[0041] The intermediate layer 135 may include at least one

layer among a hole injecting layer, a hole transporting layer,
a functional layer having a hole injecting function and a hole
transporting function at the same time, a buffer layer, an
electron stopping layer, a light-emitting layer, a hole stopping
layer, an electron transporting layer, and an electron-injecting
layer.

[0042] In the intermediate layer 135, for example, at least
one of the following compounds 301, 311, and 321 may be
included:

[Chemical Formula 1]

B
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[Chemical Formula 2]
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-continued
[Chemical Formula 3]

321

[0043] On the intermediate layer 13, the second electrode
13c¢ s provided. The second electrode 13¢ may be a cathode,
which is an electron-injecting electrode. In this case, second
electrode-forming materials may include a metal, an alloy, an
electrically conductive compound, and a mixture thereof hav-
ing a low work function. Particularly, a thin film may be
formed using, for example, lithium (Li), magnesium (Mg),
aluminum (Al), aluminum-lithivm (Al—Li), calcium (Ca),
magnesium-indium (Mg—In), magnesium-silver (Mg—
Ag), or the like, and may be used as a reflection type, a
semi-transparent type, or a transparent type electrode. Vari-
ous modifications may be applied. For example, a transparent
type electrode may be formed by using ITO or IZO to obtain
a top emission type light-emitting apparatus.

[0044] Even though not illustrated in FIG. 1, the organic
light-emitting unit 13 includes one pixel circuit for one pixel.
The pixel circuit may include at least one thin film transistor
(not illustrated) and a capacitor (not illustrated). The first
electrode 13¢ may be electrically connected to the thin film
transistor and may be driven.

[0045] The first electrode 13a may be patterned separately
with respect to each pixel, and the second electrode 13¢ may
be formed as a common electrode to cover all pixels.

[0046] In abottom emission type light-emitting apparatus,
in which an image is embodied in the direction of the sub-
strate 11 (i.e., light producing the image is directed toward the
substrate 11), the thickness of the second electrode 13¢ may
be relatively large so as to increase light-emitting efficiency in
the direction of the substrate 11.

[0047] In a top emission type light-emitting apparatus, in
which an image is embodied in the direction of the second
electrode 13¢ (i.e., light producing the image is directed
toward the second electrode 13¢), the thickness of the second
electrode 13¢ may be relatively small. In this case, the second
electrode 13¢ may be a semi-transparent type reflection layer,
or the second electrode 13¢ may be formed by using a trans-
parent conductive material in addition to the above-described
materials. The first electrode 13a may further include a reflec-
tion layer.

[0048] On the second electrode 13¢, an organic layer 15 is
formed. The organic layer 15 may be a passivation layer that

Feb. 5, 2015

prevents damage to the second electrode 13¢ while forming a
thin film encapsulation structure on the organic light-emitting
unit 13.

[0049] When the organic light-emitting unit 13 is the top
emission type emitting light in the direction of the second
electrode 13¢, the organic layer 15 may be formed by using a
transparent material having a high refractive index to perform
a refractive index matching. The organic layer 15 may be
formed by using, for example, at least one of lithium fluoride
(LiF), lithium quinolate (8-hydroxyquinolinolato-lithium,
Liq) and tris(8-hydroxy-quinolate)aluminum (Alg,). The
organic layer 15 may be formed on the substrate 11 as well as
on the organic light-emitting unit 13. The organic layer 15
may be formed as a uniform film to encapsulate the whole
organic light-emitting unit 13.

[0050] The organic layer 15 may be formed by using a
resistance heating deposition method, a sputtering method, a
vacuum deposition method, a low temperature deposition
method, an electron beam coating method, or an ion plating
method. In the resistance heating deposition method, heat
created by an electrical resistance is applied to a source to
vaporize the source and to deposit the source on a target. In the
sputtering method, a thin film may be formed through a
sputtering process. The other methods are known, and
detailed description thereof is omitted.

[0051] A thin film encapsulation structure is formed on the
organic layer 15 covering the organic light-emitting unit 13,
as illustrated in FIGS. 2 and 3. The thin film encapsulation
structure in accordance with an example embodiment has a
stacked structure of an adhesion promoting layer 17 and an
inorganic layer 19.

[0052] Referring to FIGS. 2 and 3, the adhesion promoting
layer 17 is formed on the organic layer 15.

[0053] The adhesion promoting layer 17 promotes the
adhesion of the organic layer 15 and the inorganic layer 19.
The organic layer 15 includes an organic material, and the
adhesion between the organic layer 15 and the inorganic layer
19 may be an organic-inorganic adhesion. Thus, the adhesive-
ness of the organic-inorganic adhesion may be weaker than an
inorganic-inorganic adhesion.

[0054] Thus, the adhesion promoting layer 17 is disposed
between the organic layer 15 and the inorganic layer 19 to
reinforce the adhesion between the organic layer 15 and the
inorganic layer 19 and to obtain a strong thin film encapsula-
tion structure. The adhesion promoting layer 17 may include
at least one of a metal oxide and an organometallic com-
pound.

[0055] The metal oxide may include, for example, Al,O;,
Si0,, SiN,, Zinc Tin Oxide (composition including
increased tin and oxide ratios to eliminate conductivity), and
the like. The organometallic compound may be, for example,
amononuclear metal carbonyl compound [M(Co),] or a poly-
nuclear metal carbonyl compound [M,(CO),]. The mono-
nuclear metal carbonyl compound may include, for example,
Mo(CO)s, ricays: Cr(CO)s, W(CO)g, and the like. The poly-
nuclear metal carbonyl compound may include, for example,
Mn,(CO), 4, Co,(CO)g, Fe,(CO),, and the like. However, the
present invention is not limited thereto.

[0056] The adhesion promoting layer 17 may be formed as
a single layer or include multiple layers that include the
above-described materials.

[0057] Theadhesion promoting layer 17 may be formed on
the substrate 11 as well as on the organic layer 15. The
adhesion promoting layer 17 may be formed as a uniform
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layer covering the whole organic light-emitting unit 13. With
this, the organic light-emitting unit 13 and the organic layer
15 may be encapsulated tightly by the adhesion promoting
layer 17.

[0058] The adhesion promoting layer 17 may be formed by
using a resistance heating deposition method, a sputtering
method, a vacuum deposition method. a low temperature
deposition method, an electron beam coating method, or an
ion plating method.

[0059] Referring to FIG. 3, the inorganic layer 19 may be
formed on the adhesion promoting layer 17. The inorganic
layer 19 may include, for example, a low temperature viscos-
ity transition (LVT) inorganic material. Hereinafter, the pro-
cess of forming of the inorganic layer 19 will be described in
detail.

[0060] First, an LVT inorganic material is provided on the
adhesion promoting layer 17 to form a pre-inorganic layer
(not illustrated) including the LVT inorganic material.

[0061] TheVT inorganic material is an inorganic material
having a low viscosity transition temperature.

[0062] As used herein, the “viscosity transition tempera-
ture” does not mean a temperature inducing a complete
change from a “solid state” to a “liquid state” of the LVT
inorganic material, but means the lowest temperature at
which fluidity ofthe LVT inorganic material may be obtained.

[0063] The viscosity transition temperature of the LVT
inorganic material may be lower than the transforming tem-
perature of a material included in the organic light-emitting
unit 13.

[0064] The “transforming temperature of the material
included in the organic light-emitting unit” means a tempera-
ture that may induce chemical and/or physical transformation
of the material included in the organic light-emitting unit. For
example, the “transforming temperature of the material
included in the organic light-emitting unit” may mean a glass
transition temperature (Tg) of an organic material included in
the intermediate layer 135 of the organic light-emitting unit
13. The Tg of the material included in the organic light-
emitting unit 13 may be obtained from a thermal analysis
using thermo gravimetric analysis (TGA) and differential
scanning calorimetry (DSC) (N, atmosphere, temperature
range: from room temperature to about 600° C. (10° C./min)-
TGA, from room temperature to about 400° C.-DSC, Pan
type: Pt pan in disposable Al pan-TGA, in disposable Al
pan-DSC). The process would be understood by a person of
ordinary skill in the art.

[0065] The transforming temperature of the material
included in the organic light emitting unit 13 may exceed, for
example, about 130° C.; however, itis not limited thereto. The
transforming temperature of the material included in the
organic light-emitting unit 13 may be easily measured
through the TGA described above.

[0066] The viscosity transition temperature of the IVT
inorganic material may be about 80° C. or above, for example,
about 80° C. to about 130° C., and is not limited thereto. For
example, the viscosity transition temperature of the LVT inor-
ganic material may be, about 80° C. to about 120° C., or about
100° C. to about 120° C. and is not limited thereto.

[0067] The LVT inorganic material may include a single
compound or a mixture of two or more compounds.

[0068] The LVT inorganic material may include, for
example, tin oxide (for example, SnO or SnO,).
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[0069] When the LVT inorganic material includes SnO, the
amount of SnO may be from about 20 wt % to about 100 wt
%.

[0070] The ILVT inorganic material may include, for
example, at least one of phosphor oxide (for example, P,O;),
boron phosphate (BPQO,), tin fluoride (for example, SnF,),
niobium oxide (for example, NbO), and tungsten oxide (for
example, WO,), and is not limited thereto.

[0071] The LVT inorganic matetial may include, for
example, the following compounds and is not limited thereto:
[0072] SnO;
[0073] SnO and P,Oq;
[0074] SnO and BPO,;
[0075] SnO, SnF,, and P,Os;
[0076] SnO, SnF,, P,Os, and NbO; or
[0077] SnO, SnF,, P,Os, and WOy;
[0078] The LVT inorganic material may include, for

example, the following compounds and is not limited thereto:

[0079] 1) SnO (about 100 wt %);

[0080] 2) SnO (about 80 wt %) and P,O; (about 20 wt
%);

[0081] 3) SnO (about 90 wt %) and BPO, (about 10 wt
%);

[0082] 4)SnO (about 20-50 wt %), SnF, (about 30-60 wt

%), and P,Os (about 10-30 wt %) (where the sum of
SnO, SnF,, and P,O; is about 100 wt %);

[0083] 5)SnO (about 20-50 wt %), SnF, (about 30-60 wt
%), P,Os (about 10-30 wt %), and NbO (about 1-5wt %)
(where the sum of SnO, SnF,, P,O,, and NbO is about
100 wt %); or

[0084] 6)SnO (about 20-50 wt %), SnF, (about 30-60 wt
%), P,O, (about 10-30 wt %), and WO, (about 1-5wt %)
(where the sum of SnO, SnF,, P,Os, and WO, is about
100 wt %)

[0085] For example, the LVT inorganic material may
include SnO (about 42.5 wt %), SnF, (about 40 wt %), P,O5
(about 15 wt %), and WO, (about 2.5 wt %) and is not limited
thereto.

[0086] The pre-inorganic layer including the LVT material
may be formed by using a resistance heating deposition
method, a sputtering method, a vacuum deposition method, a
low temperature deposition method, an electron beam coating
method, or an ion plating method.

[0087] The LVT inorganic material may be provided by a
plasma-enhanced chemical vapor deposition (PECVD)
method or a plasma ion assisted deposition (PTAD) method.
However, the method is not limited thereto.

[0088] In accordance with an example embodiment, an
LVT inorganic material having SnO—SnF,—P,0,—WO,
composition may be provided on the adhesion promoting
layer 17 by a sputtering method. In the sputtering method, a
dual rotary target method or a facing target method using a
DC pulse power source may be applied, and a scanning
method while moving the substrate 11 may be used. In this
case, argon plasma of about 4 kW to about 20k W and of about
0.3 Pa to about 1.5 Pa may be used. The pre-inorganic layer
(not illustrated) having a desired thickness (for example,
about 1 um) may be obtained by repeating the scanning.
[0089] The pre-inorganic layer may include defects such as
a layer factor and a pin hole. The “layer factor” of the LVT
inorganic material layer means coagulated particles of the
LVT inorganic material that did not participate in the forma-
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tion of a layer, and the “pin hole” means a region exposing the
organic layer 15, in which the LVT inorganic material is not
provided.

[0090] The above-described defects of the pre-inorganic
layer may allow a passage of environmental materials such as
moisture, oxygen, or the like while storing and driving the
organic light-emitting apparatus, and may be a factor in form-
ing a progressive dark spot, thereby decreasing the lifetime of
the organic light-emitting apparatus.

[0091] Thus, after forming the pre-inorganic layer, a curing
process for removing defects of the pre-inorganic layer may
be conducted.

[0092] The curing process may be conducted at a tempera-
ture that is higher than the viscosity transition temperature of
the LVT inorganic material. For example, the curing process
may be conducted by heat treating the pre-inorganic layer at
a temperature range from the viscosity transition temperature
of the LVT inorganic material to the transforming tempera-
ture of the material included in the organic light-emitting unit
13. The “viscosity transition temperature of the LVT inor-
ganic material” may be dependent on the composition of the
LVT inorganic material, and the “transforming temperature
of the material included in the organic light-emitting unit”
may be dependent on the material used in the organic light-
emitting unit 13. The “viscosity transition temperature of the
LVT inorganic material” and the “transforming temperature
of the material included in the organic light-emitting unit”
may be easily recognized by a person of ordinary skill in the
art based on the composition of the LVT inorganic material
and the material used in the organic light-emitting unit 13 (for
example, Tg may be evaluated from the TGA analysis result
on the material included in the organic light-emitting unit 13).
[0093] The curing process may be conducted by heat treat-
ing the pre-inorganic layer at from about 80° C. to about 130°
C. forabout 1 to about 3 hours (for example, at about 110° C.
for 2 hours), and is not limited thereto. When the temperature
for the curing process satisfies the above-described range, the
pre-inorganic layer of the LVT inorganic material may be
fluidized, and the transformation of the organic light-emitting
unit 13 may be prevented.

[0094] The curing process may be conducted in an IR oven
in vacuum or an inert gas atmosphere (for example, N, atmo-
sphere, Ar atmosphere, etc.) to prevent exposure of the
organic light-emitting unit 13 to the external environment
through a pin hole of the pre-inorganic layer.

[0095] Through the curing process, the LVT inorganic
material included in the pre-inorganic layer may be fluidized.
The fluidized VT inorganic material may have flowability,
that is, the ability to flow. Thus, the fluidized LVT inorganic
material may flow to fill up any pin holes in the pre-inorganic
layer, and any layer factors may be fluidized, and such fluid-
ized layer factors may flow to fill up the pin hole, and thus the
LVT inorganic material forming the layer has a uniform con-
sistency across the layer.

[0096] Then, the defects of the pre-inorganic layer may be
eliminated and a dense inorganic layer 19 may be formed.
[0097] Thethickness of the inorganic layer 19 may be from
about 1 pm to about 30 pm, for example, from about 1 pm to
about 5 pm. When the thickness ofthe inorganic layer 19 is in
the range from about 1 um to about 5 um, a flexible organic
light-emitting apparatus having bending properties may be
manufactured.

[0098] The inorganic layer 19 may be formed as the thin
film as described above, and a flexible organic light-emitting
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apparatus having bending properties may be manufactured.
Accordingly, an organic light-emitting apparatus having a
long lifetime and flexibility may be obtained.

[0099] FIGS. 4 and 5 are schematic diagrams illustrating
Comparative Examples for explaining an effect of an organic
light-emitting display apparatus in accordance with an
example embodiment.

[0100] InFIGS.4 and 5, an inorganic layer 19 is formed on
the organic layer 15 covering the organic light-emitting unit
13. That is, a thin film encapsulation structure may be formed
only using the inorganic layer 19 on the organic layer 15
covering organic light-emitting unit 13, without the adhesion
promoting layer. In the structure in which the inorganic layer
19 and the organic layer 15 contact, there may be a weak
adhesiveness due to the difference of the materials of the
inorganic layer 19 and the organic layer 15. In addition, the
inorganic layer 19 and the organic layer 15 have different
coefficients of thermal expansion (CTE). Due to stress gen-
erated by different expansion degrees between the inorganic
layer 19 and the organic layer 15 due to heat generated in the
organic light-emitting unit 13 and environmental temperature
change, interfacial delamination at the interface of the inor-
ganic layer 19 and the organic layer 15 may be generated, or
defects such as cracks in the dense inorganic layer 19 may be
generated, as illustrated in FIG. 4. In this case, moisture and
oxygen may penetrate in the organic light-emitting unit 13,
and the organic light-emitting unit 13 (OLED) may deterio-
rate. Accordingly, light-emitting properties may be lowered,
dark spots may be formed in the organic light-emitting dis-
play apparatus, and pixel shrinkage may occur.

[0101] In accordance with an example embodiment as in
FIG. 3, an adhesion promoting layer 17 is disposed between
the organic layer 15 and the inorganic layer 19, and thus, the
above-described defects may be solved. Because the adhe-
sion promoting layer 17 is formed by using, for example, a
mononuclear metal carbonyl compound [M(CO), ] or a poly-
nuclear metal carbonyl compound [M,(CO) |, stress between
the organic layer 15 and the inorganic layer 19, which is the
most serious factor of the defects of the inorganic layer 19,
may be markedly decreased.

[0102] FIG. 6 is a schematic diagram illustrating a method
of manufacturing an organic light-emitting display apparatus,
in accordance with another example embodiment. Since con-
stituting elements corresponding to those in the example
embodiment in FIG. 3 have substantially the same functions,
detailed description thereof is omitted.

[0103] According to the example embodiment in FIG. 6,
first and second adhesion promoting layers 174 and 175 and
first and second inorganic layers 19a and 194 are subse-
quently formed as a multi-layer structure, respectively, com-
pared with the example embodiment in FIG. 3, in which each
of the adhesion promoting layer and the inorganic layer is
formed as a single layer.

[0104] Generally, the stress of a layer is proportional to the
thickness of the layer. To decrease the stress of the layer in
FIG. 6, an inorganic layer is obtained by stacking the first and
second inorganic layers 19a and 195. To decrease the stress of
the layer between the first and second inorganic layers 19a
and 195, the second adhesion promoting layer 176 may be
formed between the first and second inorganic layers 192 and
195. The adhesion promoting layer formed on the organic
layer 15 is the first adhesion promoting layer 17a.

[0105] Particularly, the second adhesion promoting layer
175 is formed on the first inorganic layer 19a in FIG. 6. The
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method of forming the second adhesion promoting layer 175,
the materials for forming the second adhesion promoting
layer 175, and the shape of the second adhesion promoting
layer 175 may be substantially the same as those of the adhe-
sion promoting layer 17 described with reference to FIGS. 1
to 3, and repeated description thereof is omitted.

[0106] Then, the second inorganic layer 194 is formed on
the second adhesion promoting layer 176. The method of
forming the second inorganic layer 195, the materials for
forming the second inorganic layer 195, and the shape of the
second inorganic layer 195 may be substantially the same as
those of the inorganic layer 19 described above with respect to
FIGS. 1to 3, and repeated description thereof is omitted.
[0107] Inthe example embodiment in FIG. 6, the thickness
of the first and second inorganic layers 19a and 195 is smaller
than the thickness of the inorganic layer 19 in FIG. 3. The
thickness of the inorganic layer 19 in FIG. 3 may be from
about 1 pm to about 30 um, for example, from about 1 pm to
about 5 um. The thickness of the first inorganic layer 194 in
FIG. 6 may be about 1 um or less, and the thickness of the
second inorganic layer 195 may also be about 1 pm or less.
That is, one inorganic layer having a thickness from about 1
pm to about 5 pm is formed, as shown in FIG. 3; however, a
plurality of inorganic layers having a thickness of about 1 pm
or less are formed, as shown in FIG. 6. Through repeatedly
forming the thin inorganic layers, the stress of the layer may
be decreased, and the encapsulating properties of the thin film
encapsulation structure may be improved.

[0108] In FIG. 6, two inorganic layers are formed as an
example embodiment. However, three or more inorganic lay-
ers may be formed. In this case, an elastic layer for decreasing
the stress between the inorganic layers may be disposed
between the additional inorganic layers.

[0109] FIG. 7 is a schematic diagram illustrating a method
of manufacturing an organic light-emitting display apparatus,
in accordance with another example embodiment.

[0110] According to the example embodiment in FIG. 7, an
encapsulation substrate 21 is further formed at the outermost
position on an inorganic layer, compared with the example
embodiment in FIG. 6. The constitution elements in FIG. 7
corresponding to those in FIG. 6 have substantially the same
functions as explained in FIG. 6, and detailed description
thereof is omitted.

[0111] The encapsulation substrate 21 is disposed at the
outermost position of the thin film encapsulation structure to
stabilize the thin film encapsulation structure, and the organic
light-emitting display apparatus may be passivated from
external impact. The encapsulation substrate 21 may be
formed by using the same material as the substrate 11. When
the organic light-emitting display apparatus is a top emission
type, in which light is emitted in the direction of the second
electrode 13¢, the encapsulation substrate may be formed as
a transparent substrate transmitting light.

[0112] The encapsulation substrate 21 is disposed on the
outermost inorganic layer. In FIG. 7, the encapsulation sub-
strate 21 is disposed on the second inorganic layer 195 of the
thin film encapsulation structure in FIG. 6 as an example
embodiment. However, the present invention is not limited
thereto.

[0113] In an example embodiment, the encapsulation sub-
strate may be further formed on the inorganic layer of the
encapsulation structure in FIG. 3, or on the second inorganic
layer of the encapsulation structure in FIG. 6. Another struc-
ture that is obtained by combining the examples of the present
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disclosure may further include the encapsulation substrate at
the outermost position on the inorganic layer.

[0114] It should be understood that the example embodi-
ments described herein should be considered in a descriptive
sense only and not for purposes of limitation. Descriptions of
features or aspects within each embodiment should typically
be considered as available for other similar features or aspects
in other embodiments.

[0115] While one or more embodiments have been
described with reference to the figures, it will be understood
by those of ordinary skill in the art that various changes in
form and details may be made therein without departing from
the spirit and scope of the present disclosure, including the
following claims.

What is claimed is:

1. An organic light-emitting display apparatus comprising:

a substrate;

an organic light-emitting unit formed on the substrate and

including a stacked structure of a first electrode, an inter-
mediate layer, and a second electrode;

an organic layer formed on the organic light-emitting unit;

a first adhesion promoting layer formed on the organic

layer; and

a first inorganic layer formed on the first adhesion promot-

ing layer and including a low temperature viscosity tran-
sition (LVT) inorganic material.

2. The organic light-emitting display apparatus of claim 1,
wherein the first adhesion promoting layer includes at least
one of a metal oxide and an organometallic compound.

3. The organic light-emitting display apparatus of claim 1,
wherein the organic layer is also formed on the substrate.

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

5. The organic light-emitting display apparatus of claim 1,
wherein the first adhesion promoting layer and the first inor-
ganic layer are also formed on the substrate.

6. The organic light-emitting display apparatus of claim 1,
wherein the substrate is a flexible substrate.

7. The organic light-emitting display apparatus of claim 1,
further comprising:

a second adhesion promoting layer formed on the first

inorganic layer; and

a second inorganic layer formed on the second adhesion

promoting layer and including the LVT inorganic mate-
rial.

8. The organic light-emitting display apparatus of claim 7,
wherein the second adhesion promoting layer and the second
inorganic layer are also formed on the substrate.

9. The organic light-emitting display apparatus of claim 7,
further comprising an encapsulation substrate on the second
inorganic layer.

10. A method of manufacturing an organic light-emitting
display apparatus, the method comprising:

forming an organic light-emitting unit including a stacked

structure of a first electrode, an intermediate layer, and a
second electrode on a substrate;

forming an organic layer on the organic light-emitting unit;

forming a first adhesion promoting layer including at least

one of a metal oxide and an organometallic compound
on the organic layer; and

forming a first inorganic layer including a low temperature

viscosity transition (LVT) inorganic material on the first
adhesion promoting layer.
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11. The method of claim 10, wherein the forming of the
first inorganic layer comprises:

providing the LVT inorganic material on the first adhesion

promoting layer to form a first pre-inorganic layer
including the VT inorganic material; and

curing the first pre-inorganic layer at a temperature above a

viscosity transition temperature of the LVT inorganic
material.

12. The method of claim 10, wherein the organic layer is
also formed on the substrate.

13. The method of claim 10, wherein the first adhesion
promoting layer and the first inorganic layer are also formed
on the substrate.

14. The method of claim 10, further comprising:

forming a second adhesion promoting layer including at

least one of a metal oxide and an organometallic com-
pound on the first inorganic layer; and

forming a second inorganic layer including the LVT inor-

ganic material on the second adhesion promoting layer.

15. The method of claim 14, further comprising forming an
encapsulation substrate on the second inorganic layer.

I I T T

Feb. 5, 2015



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

RHA

IPCHEKS
CPCH %5
LR

H A0 FF 3R
ShERaELE

BEX)

RUE-—ENEAEREE. AIAXETRRESEER , EREER
EHBEE B , FEAENFE - RRAHEBEHNBNRAET , B
RERNEAXEENEHNERT , EEINE LRS- HHHERE
MEMMHMERE ERH BRERNERT (LVT ) BAMBNE X

E.

BNAKEREEREHES

US20150035431A1

US14/254616

ZEERAERLNA

=EDISPLAY CO., LTD.

=EDISPLAY CO., LTD.

LEE JAE SUN
LEE UNG SOO

LEE, JAE-SUN
LEE, UNG-SOO

H05B33/04 HO5B33/10

patsnap

AFF ()R 2015-02-05

RiEHR 2014-04-16

HO05B33/10 H05B33/04 HO1L51/5256 B32B2457/206 HO1L51/5253 HO1L51/56

1020130092653 2013-08-05 KR

US9337445

Espacenet USPTO



https://share-analytics.zhihuiya.com/view/55fdf3df-8f8e-41cb-8411-7ad457824d5a
https://worldwide.espacenet.com/patent/search/family/052427054/publication/US2015035431A1?q=US2015035431A1
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=%2220150035431%22.PGNR.&OS=DN/20150035431&RS=DN/20150035431

