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An organic light-emitting display device including: a sub-
strate; an organic emission unit that is formed on the substrate
and includes a laminate of a first electrode, an organic emis-
sion layer, and a second electrode; at least one organic layer
thatis formed on the substrate; and at least one inorganic layer
that is formed on the substrate, contacts the organic layerin a
planar direction, and contacts an environmental element to
surround at least one border of the environmental element.
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ORGANIC LIGHT-EMITTING DISPLAY
DEVICE

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2012-0022042, filed on
Mar. 2, 2012, in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein in its entirety by
reference.

BACKGROUND

[0002] 1.Field

[0003] The following description relates to an organic
light-emitting display device, and more particularly, to an
organic light-emitting display device having an improved
sealing structure.

[0004] 2. Description of the Related Art

[0005] Applications of organic light-emitting display
devices range from personal portable devices such as MP3
players and mobile phones to television sets due to these
display devices having superior characteristics such as wide
viewing angles, high contrast ratios, short response times, and
low amounts of power consumption.

[0006] Characteristics of organic light-emitting display
devices deteriorate by the infiltration of oxygen or moisture.
Accordingly, organic light-emitting display devices need to
have a sealing structure for preventing the infiltration of oxy-
gen and moisture.

[0007] Particularly, deterioration of sealing characteristics
caused by various particles inevitably contained therein dur-
ing a manufacturing process needs to be prevented. Further-
more, since organic light-emitting display devices are widely
used as flexible display devices, there is a need to develop a
sealing structure having excellent sealing characteristics even
while being bent.

SUMMARY

[0008] An aspect of an embodiment of the present inven-
tion is directed toward an organic light emitting display
device having an improved sealing structure.

[0009] According to an embodiment of the present inven-
tion, there is provided an organic light-emitting display
device including: a substrate; an organic emission unit that is
formed on the substrate and includes a stacked structure of a
first electrode, an organic emission layer, and a second elec-
trode; at least one organic layer formed on the substrate and
the organic emission unit; and at least one inorganic layer that
is formed on the substrate and the organic emission unit,
contacts the organic layer in a planar direction, and contacts
an environmental element to surround at least one border of
the environmental element.

[0010] The organic layer may also contact the environmen-
tal element so as to surround the border of the environmental
element.

[0011] A viscosity transition temperature of an inorganic
material contained in the inorganic layer from a solid phase to
a liquid phase may be lower than a denaturation temperature
of a material contained in the organic emission layer.

[0012] The inorganic layer may contact the environmental
element so as not to form a gap between the inorganic layer
and the environmental element.
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[0013] The inorganic layer may be formed to have a flat
upper surface.

[0014] The inorganic layer may include a tin oxide.
[0015] Theorganic layer may be formed to have a flatupper
surface.

[0016] The organic layer may be formed on the organic
emission unit.

[0017] The inorganic layer may be formed on the organic
emission unit.

[0018] The organic light-emitting display device may fur-

ther include a protective layer interposed between the organic
layer or inorganic layer and the organic emission unit.
[0019] According to another embodiment of the present
invention, there is provided an organic light-emitting display
device including: a substrate; an organic emission unit that is
formed on the substrate and includes a laminate of a first
electrode, an organic emission layer, and a second electrode;
a first organic layer that is formed on the substrate and the
organic emission unit; and a first inorganic layer that is
formed on the substrate and the organic emission unit, to seal
the organic emission unit from external air, and is formed by
providing fluidity to an inorganic material.

[0020] The first inorganic layer may have a flat surface and
a non-flat surface which are disposed opposite to each other.
[0021] The first organic layer may have a flat surface and a
non-flat surface which are disposed opposite to each other.
[0022] A temperature at which fluidity is provided to the
inorganic material of the first inorganic layer may be less than
a denaturation temperature of a material contained in the
organic emission layer.

[0023] The first inorganic layer may include a tin oxide.
[0024] The organic light-emitting display device may fur-
ther include a second inorganic layer that is disposed on one
surface of the substrate to contact the substrate and is formed
by providing fluidity to an inorganic material of the second
inorganic layer.

[0025] A temperature at which fluidity is provided to the
inorganic material of the second inorganic layer may be less
than a denaturation temperature of a material contained in the
organic emission layer.

[0026] The second inorganic layer may include a tin oxide.
[0027] The organic light-emitting display device may fur-
ther include a protective layer interposed between the first
organic layer or first inorganic layer and the organic emission
unit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The above and other features and advantages of the
present invention will become more apparent by describing in
detail exemplary embodiments thereof with reference to the
attached drawings in which:

[0029] FIG. 1 is a schematic cross-sectional view of an
organic light-emitting display device according to an embodi-
ment of the present invention;

[0030] FIG. 2 is a cross-sectional view of a portion II of
FIG. 1;
[0031] FIG. 3 is a cross-sectional view of a portion III of
FIG. 1;
[0032] FIG. 4 is a cross-sectional view for describing a

process of preparing the portion II1 of FIG. 1;
[0033] FIG. 5 is another example of the cross-sectional
view of the portion Il of FIG. 1;



US 2013/0229107 Al

[0034] FIG. 6 is a schematic cross-sectional view of an
organic light-emitting display device according to another
embodiment of the present invention;

[0035] FIG. 7 is a schematic cross-sectional view of an
organic light-emitting display device according to another
embodiment of the present invention;

[0036] FIG. 8 is a schematic cross-sectional view of an
organic light-emitting display device according to another
embodiment of the present invention;

[0037] FIG. 9 is a schematic cross-sectional view of an
organic light-emitting display device according to another
embodiment of the present invention;

[0038] FIG.10isacross-sectional view ofa portion of FIG.
9;

[0039] FIG. 11 is a schematic cross-sectional view of an
organic light-emitting display device according to another
embodiment of the present invention;

[0040] FIG. 12 is a schematic cross-sectional view of a
portion of an organic light-emitting display device according
to another embodiment of the present invention;

[0041] FIG. 13 is a schematic cross-sectional view of an
organic light-emitting display device according to another
embodiment of the present invention; and

[0042] FIG. 14 is a schematic cross-sectional view of an
organic light-emitting display device according to another
embodiment of the present invention.

DETAILED DESCRIPTION

[0043] Hereinafter, the present invention will be described
more fully with reference to the accompanying drawings, in
which exemplary embodiments of the invention are shown.
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.

[0044] FIG. 1 is a schematic cross-sectional view of an
organic light-emitting display device according to an embodi-
ment of the present invention. FIG. 2 is a cross-sectional view
of a portion 1T of FIG. 1, and FIG. 3 is a cross-sectional view
of a portion III of FIG. 1.

[0045] Referring to FIGS. 1to 3, an organic emission unit 2
is formed on one surface of a substrate 1, a laminate of an
organic layer 3 and an inorganic layer 4 is formed on the
organic emission unit 2 such that the laminate covers the
organic emission unit 2.

[0046] The substrate 1 may be formed of glass, but is not
limited thereto. The substrate 1 may also be formed of metal
or plastic. The substrate 1 may be a flexible substrate that may
be bent. In this regard, a bending radius of the substrate 1 may
be 10 cm or less.

[0047] The organic emission unit 2 formed on the substrate
1 includes a first electrode 21, a second electrode 22, and a
laminate of an organic emission layer (e.g., a laminate of
various organic layers) 23 interposed between the first elec-
trode 21 and the second electrode 22 as shown in FIG. 2.
[0048] Although not shown herein, the organic emission
unit 2 includes one pixel circuit per each pixel, and the pixel
circuit may include at least one thin film transistor (TFT) and
a capacitor.

[0049] Thefirstelectrode 21 is electrically connected to the
TFT.
[0050] The first electrode 21 and the second electrode 22

face each other and are insulated from each other by the
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organic emission layer 23. Borders of the first electrode 21
may be covered with a pixel defining layer 24, and the organic
emission layer 23 and the second electrode 22 are formed on
the pixel defining layer 24 and the first electrode 21. The
second electrode 22 may be a common electrode for covering
all pixels, and the first electrode 21 may be formed in each
pixel independent from the other pixels.

[0051] The first electrode 21 and the second electrode 22
may constitute an anode and a cathode, respectively, and they
may have opposite polarities.

[0052] Ifthe first electrode 21 constitutes an anode, the first
electrode 21 may be formed of a material having a high work
function absolute value. If the second electrode 22 constitutes
a cathode, the second electrode 22 may be formed of a mate-
rial having a work function absolute value that is lower than
that of the first electrode 21. If the polarities of the first
electrode 21 and the second electrode 22 are opposite, the
materials may also be exchanged. Hereinafter, an organic
light-emitting display device using the first electrode 21 as an
anode and the second electrode 22 as a cathode will be
described.

[0053] The first electrode 21 may include at least one trans-
parent metal oxide selected from the group consisting of ITO,
170, ZnO, and In,0;. The second electrode 22 may include at
least one metal selected from the group consisting of Al, Ag,
Mg, and Cr.

[0054] In a bottom emission type organic light-emitting
display device in which an image is formed toward the sub-
strate 1, the second electrode 22 may have a relatively large
thickness, so that emission efficiency toward the substrate 1
may be increased.

[0055] Inatop emission type organic light-emitting display
device in which an image is formed toward the organic layer
3, the second electrode 22 may have a relatively small thick-
ness, so that the second electrode 22 may be a reflective layer,
or the second electrode 22 may be formed of a transparent
conductive material. In this case, the first electrode 21 may
further include a reflective layer.

[0056] In one embodiment, the organic emission layer 23
has a laminate structure of a plurality of organic layers includ-
ing an emission layer EML. A hole transport layer (HTL) and
a hole injection layer (HIL) may be interposed between the
EMIL and the first electrode 21, and an electron transport
layer (ETL) and an electron injection layer (EIL) may be
interposed between the EML and the second electrode 22.
[0057] For example, the organic emission layer 23 may
include at least one of Compounds 301, 311, and 321 below.

301
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[0058] According to an embodiment described with refer-
ence to FIGS. 1 to 3, the organic emission unit 2 is covered
with a laminate of the organic layer 3 and the inorganic layer
4 that are sequentially formed, the organic emission unit 2 is
sealed by the laminate of the organic layer 3 and the inorganic
layer 4 so as to prevent external air from infiltrating,

[0059] In this regard, the organic layer 3 and the inorganic
layer 4 contact an environmental element 51 or 51' to sur-
round at least one border of the environmental element 51 or
51

[0060] The environmental element 51 or 51' may be par-
ticles inevitably attached during the formation of the organic
light-emitting display device and may include an organic
material and/or an inorganic material. In FIG. 2, the environ-
mental element 51 or 51' may be disposed on the second
electrode 22. Although not shown herein, other environmen-
tal elements may be disposed within or under the second
electrode 22. The upper surface of the organic emission unit 2
may have a bent portion.

Sep. 5, 2013

[0061] The environmental element 51 or 51' cannot be
removed by a wet process such as washing after the organic
emission unit 2 is formed.

[0062] Theenvironmental element 51 or 51' has a size inthe
range of 1 to 5 pm. The environmental element 51', which is
smaller than the environmental element 51, may be covered
with the organic layer 3, and the environmental element 51
may be exposed through the organic layer 3.

[0063] The inorganic layer 4 may have a thickness greater
than that of the organic layer 3, thereby covering the environ-
mental element 51 that is not covered with the organic layer 3
and that is exposed through the organic layer 3.

[0064] The organic layer 3 may be formed of a polymer
material. The polymer material may include an acrylic mate-
rial. The organic layer 3 may be formed by forming a ther-
mosetting precursor layer and curing the thermoplastic pre-
cursor to form a polymer. Accordingly, the upper surface 301
ofthe organic layer 3 may be flat as shown in FIG. 2. Here, the
lower surface 302 of the organic layer 3 may not be flat due to
the bent portion of the pixel defining layer 24. As such, the flat
upper surface 301 and the non-flat lower surface 302 of the
organic layer 3 are disposed opposite to each other (i.e.,
facing oppositely away from each other).

[0065] Since the upper surface 301 of the organic layer 3 is
flat, a thickness t31 of the organic layer 3 at a border of the
environmental element 51 is the same as a thickness t32 ofthe
organic layer 3 at a portion spaced apart from the environ-
mental element 51, as shown in FIG. 3. This indicates that the
organic layer 3 may have a uniform thickness except for the
bent portion of the lower surface 302 as shown in FIG. 2.
Thus, the entire surface of the organic emission unit 2 may be
uniformly protected.

[0066] The inorganic layer 4 is formed on the organic layer
3, and accordingly the inorganic layer 4 contacts the organic
layer 3 in a planar direction.

[0067] The inorganic layer 4 may include a low tempera-
ture viscosity transition (LVT) inorganic material.

[0068] The inorganic layer 4 may be formed after being
melted and solidified, which will be described later, and a
viscosity transition temperature of the inorganic layer 4 is
lower than a denaturation temperature of the organic emission
layer 23.

[0069] As used herein, the “viscosity transition tempera-
ture” is not a temperature where the phase of the LVT inor-
ganic material is completely changed from solid to liquid, but
is a minimum temperature where the LVT inorganic material
has fluidity, i.e., a minimum temperature where the viscosity
of the LVT inorganic material changes.

[0070] The viscosity transition temperature of the LVT
inorganic material may be less than the denaturation tempera-
ture of a material contained in the organic emission unit 13.
For example, the viscosity transition temperature of the LVT
inorganic material may be less than the minimum value of the
denaturation temperature of a material contained in the
organic emission unit 13.

[0071] The denaturation temperature of the organic emis-
sion layer 23 refers to a temperature capable of causing physi-
cal and/or chemical denaturation in a material contained in
the organic emission layer 23, and the organic emission layer
23 may have a plurality of denaturation temperatures accord-
ing to the type and number of materials contained therein.
[0072] For example, the viscosity transition temperature of
the LVT inorganic material and the denaturation temperature
of the organic emission layer 23 may indicate a glass transi-
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tion temperature Tg of the LVT inorganic material and the
organic material contained in the organic emission layer 23.
The Tg may be measured by performing thermo gravimetric
analysis (TGA) on the LVT inorganic material and the
organic material contained in the organic emission layer 23.
[0073] For example, the Tg may be obtained from thermal
analysis of the material contained in the organic emission
layer 23 by using TGA and differential scanning calorimetry
(DSC) in an N, atmosphere at a temperature ranging from
room temperature to 600° C. (10° C./min) for TGA, at a
temperature ranging from room temperature to 400° C. for
DSC (Pan Type: Pt Pan in disposable Al Pan (TGA), dispos-
able Al pan (DSC)), and these conditions will be understood
by those of ordinary skill in the art.

[0074] The denaturation temperature of the material con-
tained in the organic emission layer 23 may be, but is not
limited to, higher than 130° C., and may efficiently be mea-
sured via TGA analysis of the material contained in the
organic emission layer 23 as described above.

[0075] Theminimum value of the denaturation temperature
of the material contained in the organic emission layer 23 may
be in the range of 130° C. to 140° C. The minimum value of
the denaturation temperature of the material contained in the
organic emission layer 23 may be, but is not limited to, 132°
C., and may efficiently be measured by measuring Tg of the
material contained in the organic emission layer 23 via TGA
analysis of the material as described above, and choosing the
minimum Tg. For example, the viscosity transition tempera-
ture of the LVT inorganic material may be 80° C. or greater,
for example, in the range of 80° C. to 132° C., but is not
limited thereto.

[0076] For example, the viscosity transition temperature of
the LVT inorganic material may be in the range of 80° C. to
120° C. or 100° C. to 120° C., but is not limited thereto. For
example, the viscosity transition temperature of the LVT inor-
ganic material may be 110° C.

[0077] The LVT inorganic material may be a single com-
pound or a mixture of at least two compounds.

[0078] The LVT inorganic material may include a tin oxide
such as SnO or SnO,.

[0079] If the LVT inorganic material includes SnQ, the
content of the SnO may be in the range of 20% by weight to
100% by weight.

[0080] For example, the LVT inorganic material may fur-
ther include at least one selected from the group consisting of
phosphorus oxide (e.g., P,Os), boron phosphate (BPO,), tin
fluoride (e.g., SnF, ), niobium oxide (e.g., NbO), and tungsten
oxide (e.g., WO,), but is not limited thereto.

[0081] For example, the LVT inorganic material may
include

[0082] SnO;

[0083] SnO and P,Os:

[0084] SnO and BPO,;

[0085] SnO, SnF,, and P,Oy;

[0086] SnO, SnF,, P,Os, and NbO; or

[0087] SnO, SnF,, P,Os, and WO,.

[0088] However, the present invention is not limited to the
above.

[0089] For example, the LVT inorganic material may

include the following ingredients, but is not limited thereto.

[0090] SnO (100 wt %);
[0091] SnO (80 wt %) and P,Os (20 wt %);
[0092] SnO (90 wt %) and BPO, (10 wt %);
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[0093] SnO (20-50 wt %), SnF, (30-60 wt %) and P,O;
(10-30 wt %), where the weight percent of the sum of SnO,
SnF,, and P,O4 is 100 wt %);

[0094] SnO (20-50 wt %), SnF, (30-60 wt %), P,O, (10-30
wt %) and NbO (1-5 wt %), where the weight percent of the
sum of Sn0O, SnF,, P,Os, and NbO is 100 wt %); or

[0095] SnO (20-50 wt %), SnF, (30-60 wt %), P,O, (10-30
wt %) and WO, (1-5 wt %), where the weight percent of the
sum of SnO, SnF,, P,O,, and WO, is 100 wt %).

[0096] For example the LVT inorganic material may
include SnO (42.5 wt %), SnF, (40 wt %), P,O5 (15 wt %),
and WO, (2.5 wt %), but is not limited thereto.

[0097] If the inorganic layer 4 has the above-described
composition, the viscosity transition temperature may be
maintained lower than the denaturation temperature of the
organic emission layer 23, so that various defects that may be
formed in the inorganic layer 4 may be rectified by a healing
(annealing) process, which will be described later.

[0098] As shown in FIG. 3, the inorganic layer 4 may
include a film-forming element 52. The film-forming element
52 may be particles of an inorganic material deposited on the
organic layer 3 during the formation of the inorganic layer 4
and may be rectified by the healing process that will be
described later to constitute one portion of the inorganic layer
4.

[0099] Asshown in FIG. 3, the environmental element 51 is
surmounted by the inorganic layer 4, and thus the lower
surface 402 of the inorganic layer 4 may not be flat. In this
regard, the upper surface 401 of the inorganic layer 4 is flat,
because the inorganic layer 4 is formed by providing fluidity
to the inorganic layer 4 during the healing process and solidi-
fying the inorganic layer 4. Accordingly, the flat portion of the
upper surface 401 of the inorganic layer 4 and the non-flat
portion of the lower surface 402 of the inorganic layer 4 are
disposed opposite to each other (i.e., facing oppositely away
from each other).

[0100] Since the upper surface 401 of the inorganic layer 4
1s flat, a thickness t41 of the inorganic layer 4 at a border of the
environmental element 51 is the same as a thickness 42 ofthe
inorganic layer 4 at a portion spaced apart from the environ-
mental element 51, as shown in FIG. 3. This indicates that the
inorganic layer 4 may have a uniform thickness except for the
bent portion of the lower surface 402 as shown in FIG. 3.
Thus, the entire surface of the organic emission unit 2 may be
uniformly protected.

[0101] As shown in FIG. 1, the inorganic layer 4 may have
a larger area than the organic layer 3, so that all borders
(portion portions) of the inorganic layer 4 facing the substrate
can contact the substrate 1. Thus, the organic layer 3 can be
completely covered with the inorganic layer 4. Here, since the
inorganic layer 4 contacts the substrate 1, an adhesive
strength of the inorganic layer 4 with respect to the substrate
1 is improved, and infiltration of external air into the organic
emission unit 2 may be more efficiently blocked. Although
not shown herein, the organic emission unit 2 furtherincludes
a pixel circuit including a TFT as described above, the inor-
ganic layer 4 may contact any insulating layer of the pixel
circuit, for example, the TFT. For example, a portion extend-
ing from a gate insulating layer among the layers of the TFT
may contact the inorganic layer 4. In this regard, since the
insulating layers of the TFT is an inorganic insulating layer
such as silicon oxide, silicon nitride, and silicon oxynitride,
characteristics thereof may be the same as and/or similar to
those when the inorganic layer 4 contacts the substrate 1.
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[0102] The organic layer 3 and inorganic layer 4 may be
manufactured according to the following method.

[0103] First, as shown in FIG. 4, the organic layer 3 is
formed on the second electrode 22. In this regard, the envi-
ronmental elements 51 and 51' are disposed on the second
electrode 22.

[0104] The forming of the organic layer 3 may include
providing a curable precursor contained in the organic layer 3
and curing the curable precursor.

[0105] The precursor may be a thermosetting or photocur-
able precursor having a viscosity ranging from 5 to 15 cp at
room temperature and a boiling point ranging from 300° C. to
500° C. For example, the precursor may be an acrylate pre-
cursor such as mono-acrylate, dimethacrylate, and triacry-
late, but is not limited thereto. The curable precursor may be
a single compound or a mixture of at least two different
compounds.

[0106] The providing of the curable precursor onto the
organic emission unit 2 may be performed by using a flash
evaporating method, but is not limited thereto.

[0107] Then, the curable precursor provided onto the
organic emission unit 2 is cured by using a known method.
Forexample, the precursor may be cured by UV rays, infrared
rays, and laser beams to form the organic layer 3, but is not
limited thereto.

[0108] The thickness of the organic layer 3 may be in the
range of 1 umto 5 um. In one embodiment, if the thickness of
the organic layer 3 is within the range described above, at
least one portion of the environmental element 51 or 51" is
covered with the organic layer 3 to improve bending charac-
teristics of the inorganic layer 4.

[0109] According to an embodiment of the present inven-
tion, a curable precursor mixture including mono-acrylate,
dimethacrylate, and triacryrate at a weight ratio of about
2:7:1, which has a viscosity ranging from 5 to 15 cp at room
temperature, and a boiling point ranging from 300 to 500° C.
may be formed on the organic emission unit 2, as a curable
precursor, by using a flash evaporating method (film-forming
rate: about 200 A/s and film-forming time: 3 to 4 min). In this
regard, the curable precursor mixture is condensed to a liquid
phase as soon as the curable precursor mixture is provided
onto the organic emission unit 2, and thus at least one portion
of the surface of the environmental element 51 or 51' is
surrounded by the curable precursor, without an empty space
between the environmental elements 51 and 51'. Then, the
curable precursor mixture provided onto the organic emission
unit 2 is cured to form the organic layer 3 by using a UV
curing device (wavelength: 390 nm and light quantity: 500
ml).

[0110] Since the thicknesses of the environmental elements
51 and 51" are in the range of 1 to 5 pm as described above, the
curable precursor layer having a thickness of about 4 pum is
formed. The film-forming rate of the curable precursor is very
fast at a rate of 200 A/s, and thus the formation of the curable
precursor having a thickness of 4 um may take 3 to 4 minutes.
[0111] Then, a pre-inorganic layer 4' is formed on the
organic layer 3. The pre-inorganic layer 4' includes the LVT
inorganic material.

[0112] The pre-inorganic layer 4' may be formed on the
organic layer 3 by using the LVT inorganic material via
vacuum deposition, low temperature deposition, plasma
chemical vapor deposition (PCVD), plasma-ion assisted
deposition (PIAD), slit coating, flash evaporation, e-beam
coating, or ion plating. Particularly, a layer of an inorganic

Sep. 5, 2013

material including SnO—SnF,—P,0,—WO, may be
formed by sputtering. In more detail, the sputtering may be
performed by using a dual rotary target while a substrate
moves. Argon plasma (12 kw and 0.4 Pa) may be used, and a
desired thickness may be obtained by repeating scanning a
plurality of times. Accordingly, the pre-inorganic layer 4'
having a thickness of about 1 pm is formed.

[0113] If the pre-inorganic layer 4' is formed on a bent
portion of the environmental element 51. the layer may not be
consecutively formed, and a gap 403 is formed, as shown in
FIG. 4. In addition, the pre-inorganic layer 4' is not uniformly
formed and a film-forming element 52 may be formed when
the layeris formed. The film-forming element 52 may include
an inorganic material having a composition that is the same as
and/or similar to that of the pre-inorganic layer 4'. The gap
403 is also formed at the film-forming element 52 portion.
[0114] In addition, the pre-inorganic layer 4' may have a
plurality of pin holes 404.

[0115] The gaps 403 and pin holes 404 provide a pathway
through which moisture and/or air may infiltrate. Thus, the
gaps 403 and pin holes 404 are removed by the healing
(annealing) process.

[0116] If fluidity is provided to the formed pre-inorganic
layer 4' by the healing process, and then the pre-inorganic
layer 4' is solidified as shown in FIG. 4, the upper surface 401
of the inorganic layer 4 becomes flat as shown in FIG. 3.

[0117] The healing process is a process of providing fluid-
ity by heating the pre-inorganic layer 4' to a temperature
higher than the viscosity transition temperature thereof. The
healing process is performed at a temperature greater than the
viscosity transition temperature of the LVT inorganic mate-
rial. For example, the healing process may be performed by
heat-treating the pre-inorganic layer 4' from a temperature in
the range of the viscosity transition temperature of the LVT
inorganic material to the denaturation temperature of a mate-
rial contained in the organic emission layer. Alternatively, the
healing process may be performed by heat-treating the pre-
inorganic layer 4' from a temperature in the range of the
viscosity transition temperature of the LVT inorganic mate-
rial to a minimum value of the denaturation temperature of the
material contained in the organic emission layer. Alterna-
tively, the healing process may be performed at the viscosity
transition temperature of the LVT inorganic material.

[0118] The “viscosity transition temperature of the LVT
inorganic material” may vary according to the composition of
the LVT inorganic material, and the “denaturation of the
material contained in the organic emission layer” may vary
according to the material used in the organic emission layer
23. However, they will be easily understood by those of
ordinary skill in the art according to the composition of the
LVT inorganic material and the material used in the organic
emission layer 23, for example, by using an evaluation of Tg
temperature obtained from TGA analysis results of the mate-
rial contained in the organic emission layer 23.

[0119] For example, the healing process may be performed
by heat-treating the pre-inorganic layer 4' at a temperature in
the range 0f 80° C. to 132° C., for example, in the range of 80°
C. 10 120° C. or 100° C. to 120° C,, for 1 to 3 hours, for
example, at 110° C. for 2 hours, but is not limited thereto. In
one embodiment, if the healing process is within the range
described above, the LVT inorganic material of the pre-inor-
ganic layer 4'is fluidized, and the denaturation of the organic
emission layer 23 is prevented.
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[0120] Thehealing process may be performed in a vacuum
or in a nitrogen or argon atmosphere using an IR oven. The
healing process may be performed for 1 to 3 hours.

[0121] However, the healing process is not limited thereto,
and laser scanning may be used to perform the healing pro-
cess.

[0122] By cooling the heat-treated pre-inorganic layer 4/,
the pre-inorganic layer 4' shown in FIG. 4 is transformed to
the inorganic layer 4 shown in FIG. 3. The fluidized LVT
inorganic material is filled in the gaps 403 and pin holes 404
of the pre-inorganic layer 4' shown in FIG. 4, so that the gaps
403 and pin holes 404 are removed. In addition, the film-
forming element 52 that existed in the pre-inorganic layer 4'is
absorbed by the inorganic layer 4 while the pre-inorganic
layer 4' is transformed to the inorganic layer 4 due to fluidity.
[0123] The healing process described above is not limited
to a single process, but a plurality of sub-processes may be
performed. In addition, post-processing may be performed
after the healing process, by using chemical treatment,
plasma treatment, hot chamber treatment including oxygen,
hot chamber treatment including oxygen and moisture, or
surface doping. Due to the post-processing, a binding force
between the environmental element 51 and the inorganic
layer 4 treated with the healing process, and a binding force
between the LVT inorganic materials of the inorganic layer 4
treated with the healing process may be improved.

[0124]  As such, according to an embodiment ofthe present
invention described with reference to FIG. 3, even if the
environmental element 51 that is thicker than the organic
layer 3 is contained in the organic layer 3, a firm inorganic
layer 4 may be formed on the organic layer 3, and the inor-
ganic layer 4 may be densely bound to the environmental
element 51, so that breakage of a sealing structure due to the
environmental element 51 may be prevented. In addition,
since the organic layer 3 having a set or predetermined thick-
ness is formed, and then the inorganic layer 4 is formed, a
process taking time may be considerably reduced and thus
mass-production possibility may be improved, compared
with a method of forming a sealing structure using a single
layer of the inorganic layer 4. If the inorganic layer 4 contacts
the organic layer 3 as shown herein, relatively undesirable
bending characteristics of the inorganic layer 4 may be com-
pensated for by the organic layer 3. Thus, bending character-
istics of the laminate of the organic layer 3 and the inorganic
layer 4 may be improved.

[0125] FIG. 5 is another example of the cross-sectional
view of portion IIT of FIG. 1. In FIG. 5, an environmental
element 51" is disposed on the organic layer 3. In this regard,
the upper surface 401 of the inorganic layer 4 is planarized,
and accordingly, the inorganic layer 4 may contact the envi-
ronmental element 51" to surround the borders of the envi-
ronmental element 51". Thus, damage due to the environmen-
tal element 51" disposed on the organic layer 3 may be
prevented.

[0126] FIG. 6 is a schematic cross-sectional view of an
organic light-emitting display device according to another
embodiment of the present invention. The organic layer 3
includes a first organic layer 31 that covers the organic emis-
sion unit 2 and a second organic layer 32 that covers the
inorganic layer 4. The first organic layer 31 and the second
organic layer 32 may be formed of the same organic material.
However, the organic layer 3 is not limited thereto, and the
second organic layer 32 may include a heat-resistant organic
material. In this regard, the heat-resistant organic material
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may have a composition that is the same as and/or similar to
that of the first organic layer 31.

[0127] The structure of the second organic layer 32 may be
formed to cover the entire surface of the inorganic layer 4 as
shown in FIG. 6, but is not limited thereto. For example, as
shown in FIG. 7, the second organic layer 32' may be formed
only on the upper surface of the inorganic layer 4. In addition,
as shown in FIG. 8, the second organic layer 32" may be
formed to cover the upper surface and a portion of the side of
the inorganic layer 4.

[0128] The second organic layers 32, 32', and 32" may not
be formed in the same manner as the first organic layer 31, and
may be formed by a coating method such as screen printing.
[0129] The second organic layers 32, 32', and 32" shown in
FIGS. 6 to 8 protect the inorganic layer 4 from external
impact, or the like, and compensate for bending characteris-
tics of the inorganic layer 4.

[0130] Although not shown herein. at least one inorganic
layer and/or a laminate of the inorganic layer/organic layer
may be further formed to cover the second organic layers 32,
32', and 32". The inorganic layer may be formed by using the
LVT inorganic material via the healing (annealing) process,
but is not limited thereto. A different inorganic material from
the inorganic layer 4, such as silicon-based oxide and/or
silicon-based nitride, and/or aluminum-based oxide and/or
aluminum-based nitride, may also be applied.

[0131] FIG. 9 is a schematic cross-sectional view of an
organic light-emitting display device according to another
embodiment of the present invention, and FIG. 10 is a cross-
sectional view of a portion X of FIG. 9. The inorganic layer 4
is formed to cover the organic emission unit 2, and then the
organic layer 3 is formed to cover the inorganic layer 4. In this
regard, as described above, the inorganic layer 4 has a flat
upper surface 401, and thus the inorganic layer may densely
contact the environmental elements 51 and 51' to surround the
environmental elements 51 and 51'. Accordingly, the inor-
ganic layer 4 having dense barrier characteristics in which
defects with respect to the environmental elements 51 and 51'
are rectified may be formed. Since the inorganic layer 4 is
covered with the organic layer 3, and the upper surface 301 of
the organic layer 3 is flat, barrier characteristics of the lami-
nate of the inorganic layer 4 and the organic layer 3 may be
further improved. As described above, since a thick inorganic
layer 4 cannot be formed due to limitation of the process, the
environmental elements 51 and 51" are exposed at an external
surface of the inorganic layer 4. The upper surface 301 of the
organic layer 3 is planarized by covering the inorganic layer 4
with the organic layer 3, and thus deterioration of barrier
characteristics due to the environmental elements 51 and 51'
may be completely blocked. The organic layer 3 may further
improve bending characteristics of the inorganic layer 4.
[0132] FIG. 11 is a schematic cross-sectional view of an
organic light-emitting display device according to another
embodiment of the present invention. The inorganic layer 4
includes a first inorganic layer 41 that covers the organic
emission unit 2 and a second inorganic layer 42 that covers the
organic layer 3. The organic layer 3 is interposed between the
first inorganic layer 41 and the second inorganic layer 42. The
second organic layer 42 may be the same as the first inorganic
layer 41. That is, the first inorganic layer 41 and the second
inorganic layer 42 may be formed of the LVT inorganic
material, and the upper surface thereof may be planarized by
the healing process. However, the present invention is not
limited thereto. The first inorganic layer 41 may be formed of
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the LVT inorganic material by the healing process, and the
second inorganic layer 42 may be formed of a different inor-
ganic material from the first inorganic layer 41, such as sili-
con-based oxide and/or silicon-based nitride and/or alumi-
num-based oxide and/or aluminum-based nitride. In this
regard, since barrier characteristics of the first inorganic layer
41 and the second inorganic layer 42 are different from each
other, advantages and disadvantages of the first inorganic
layer 41 and the second inorganic layer 42 may be compen-
sated for.

[0133] Although not shown herein, an organic layer may
further be formed to cover the second inorganic layer 42, and
a plurality of laminates of the organic layer/inorganic layer
may further be formed thereon.

[0134] FIG. 12 is a schematic cross-sectional view of a
portion of an organic light-emitting display device according
to another embodiment of the present invention, in which a
protective layer 25 is further interposed between the organic
layer 3 and the second electrode 22 of FIG. 3.

[0135] The protective layer 25 may be formed of LiF,
lithium quinolate, Alq3, or the like.

[0136] The protective layer 25 may be formed on the sec-
ond electrode 22 of all structures shown in FIGS. 4 to 11.

[0137] FIG. 13 is a schematic cross-sectional view of an
organic light-emitting display device according to another
embodiment of the present invention, in which a third organic
layer 6 is formed under the substrate 1 of F1G. 1. The structure
of FIG. 13 is efficient when the substrate 1 is formed of a glass
material. In other words, the substrate 1 formed of a glass
material has poor bending characteristics, even though a thin
substrate 1 is used. In this regard, if the third organic layer 6
is formed under the substrate 1, bending characteristics of the
third organic layer 6 may be improved. For example, a bend-
ing radius of a 0.1 mm-thick glass substrate is about 10 cm. If
an acrylic organic layer having a thickness of about 5 um is
formed under the substrate, the substrate does not break after
being bent 10,000 times and has a bending radius of about 2
cm. In addition, the third organic layer 6 compensates for the
structural strength of the substrate 1 in a direction from the
lower surface of the substrate 1. The material for forming the
third organic layer 6 may not be the same as that for the first
organic layer and/or second organic layer.

[0138] Thethird organic layer 6 formed under the substrate
1 may also be applied to all structures of FIGS. 4 to 12.

[0139] FIG. 14 is a schematic cross-sectional view of an
organic light-emitting display device according to another
embodiment of the present invention, in which a third inor-
ganic layer 7 is interposed between the substrate 1 and the
organic emission unit 2 of FIG. 1. The third inorganic layer 7
may be formed by using the LVT inorganic material via the
healing process. Although not shown herein, a pixel circuit
unit including a TFT and/or a capacitor may be formed on the
third inorganic layer 7. In this regard, due to dense barrier
characteristics of the third inorganic layer 7, the sealing char-
acteristics of the organic emission unit 2 may further be
improved. The third inorganic layer 7 is utilized for the sub-
strate 1 having poor barrier characteristics, for example, the
substrate 1 formed of plastic.

[0140] Although FIG. 14 shows a structure in which the
third inorganic layer 7 is formed on the upper surface of the
substrate 1, the present invention is not limited thereto. The
third inorganic layer 7 may also be formed under the substrate
1 or at the side of the substrate 1. As such, the third inorganic
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layer 7 is formed to contact the substrate 1 to improve barrier
characteristics of the substrate 1.
[0141] The third inorganic layer 7 may be applied to all
structures of FIGS. 4 to 13.
[0142] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, 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 invention as defined by the following claims, and
equivalents thereof.
What is claimed is:
1. An organic light-emitting display device comprising:
a substrate;
an organic emission unit on the substrate, the organic emis-
sion unit comprising a stacked structure of a first elec-
trode, an organic emission layer, and a second electrode;

at least one organic layer on the substrate and the organic
emission unit; and

at least one inorganic layer on the substrate and the organic

emission unit, contacting the organic layer in a planar
direction, and contacting an environmental element to
surround at least one border of the environmental ele-
ment.

2. The organic light-emitting display device of claim 1,
wherein the organic layer also contacts the environmental
element so as to surround the border of the environmental
element.

3. The organic light-emitting display device of claim 1,
wherein a viscosity transition temperature of an inorganic
material contained in the inorganic layer is less than a mini-
mum value of a denaturation temperature of a material con-
tained in the organic emission layer.

4. The organic light-emitting display device of claim 1,
wherein the inorganic layer contacts the environmental ele-
ment 50 as not to form a gap between the inorganic layer and
the environmental element.

5. The organic light-emitting display device of claim 1,
wherein the inorganic layer is formed by providing fluidity to
an inorganic material of the inorganic layer, and then solidi-
fying the inorganic material of the inorganic layer.

6. The organic light-emitting display device of claim 1,
wherein the inorganic layer has a flat upper surface.

7. The organic light-emitting display device of claim 1,
wherein the inorganic layer comprises a tin oxide.

8. The organic light-emitting display device of claim 1,
wherein the organic layer has a flat upper surface.

9. The organic light-emitting display device of claim 1,
wherein the organic layer is directly on the organic emission
unit.

10. The organic light-emitting display device of claim 1,
wherein the inorganic layer is directly on the organic emis-
sion unit.

11. The organic light-emitting display device of claim 1,
further comprising a protective layer interposed between the
organic layer orinorganic layer and the organic emission unit.

12. An organic light-emitting display device comprising:

a substrate;

an organic emission unit on the substrate, the organic emis-

sion unit comprising a stacked structure of a first elec-
trode, an organic emission layer, and a second electrode;

a first organic layer on the substrate and the organic emis-

sion unit; and
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a first inorganic layer on the substrate and the organic
emission unit, sealing the organic emission unit from
external air, and being formed by providing fluidity to an
inorganic material of the first inorganic layer.

13. The organic light-emitting display device of claim 12,
wherein the first inorganic layer has a flat surface and a
non-flat surface which are disposed opposite to each other.

14. The organic light-emitting display device of claim 12,
wherein the first organic layer has a flat surface and a non-flat
surface which are disposed opposite to each other.

15. The organic light-emitting display device of claim 12,
wherein a temperature at which fluidity is provided to the
inorganic material of the first inorganic layer is in a range
from a viscosity transition temperature of the inorganic mate-
rial of the first inorganic layer to a minimum value of a
denaturation temperature of a material contained in the
organic emission layer.

16. The organic light-emitting display device of claim 12,
wherein the first inorganic layer comprises a tin oxide.

17. The organic light-emitting display device of claim 12,
further comprising a second inorganic layer on one surface of
the substrate to contact the substrate and is formed by pro-
viding fluidity to an inorganic material of the second inor-
ganic layer.

18. The organic light-emitting display device of claim 17,
wherein a temperature at which fluidity is provided to the
inorganic material of the second inorganic layer is less than a
denaturation temperature of a material contained in the
organic emission layer.

19. The organic light-emitting display device of claim 17,
wherein the second inorganic layer comprises a tin oxide.

20. The organic light-emitting display device of claim 12,
further comprising a protective layer between the first organic
layer or first inorganic layer and the organic emission unit.

21. An organic light-emitting display device comprising:

a substrate;

an organic emission unit on the substrate, the organic emis-
sion unit comprising a stacked structure of a first elec-
trode, an organic emission layer, and a second electrode;

an organic layer on the substrate and the organic emission
unit; and

an inorganic layer on the substrate and the organic emis-
sion unit and contacting the organic layer in a planar
direction,
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wherein a viscosity transition temperature of an inorganic
material contained in the inorganic layer is less than a
minimum value of a denaturation temperature of a mate-
rial contained in the organic emission layer.

22. A method of forming an organic light-emitting display
device, the method comprising:

forming an organic emission unit on a substrate to com-

prise a stacked structure of a first electrode, an organic
emission layer, and a second electrode;

forming an organic layer on the substrate and the organic

emission unit; and

forming an inorganic layer on the substrate and the organic

emission unit to seal the organic emission unit from
external air with the inorganic layer,

wherein the forming of the inorganic layer comprises pro-

viding fluidity to an inorganic material of the inorganic
layer, and

wherein a temperature at which fluidity is provided to the

inorganic material of the inorganic layer is in a range
from a viscosity transition temperature of the inorganic
material of the inorganic layer to a minimum value of a
denaturation temperature of a material contained in the
organic emission layer.

23. A method of forming an organic light-emitting display
device, the method comprising:

forming an organic emission unit on a substrate to com-

prise a stacked structure of a first electrode, an organic
emission layer, and a second electrode;

forming an organic layer on the substrate and the organic

emission unit; and

forming an inorganic layer on the substrate and the organic

emission unit
wherein a viscosity transition temperature of an inorganic
material contained in the inorganic layer is less than a
minimum value of a denaturation temperature of a mate-
rial contained in the organic emission layer, and

wherein the forming of the inorganic layer comprises con-
tacting the inorganic layer to the organic layer in a planar
direction.

24. The method of claim 23, wherein the forming of the
inorganic layer further comprises contacting the inorganic
layer to an environment element to surround at least one
boarder of the environmental element.
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