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(57) ABSTRACT

An organic light emitting diode (OLED) display including:
a substrate; an organic light emitting diode formed on the
substrate; a metal oxide layer formed on the substrate and
covering the organic light emitting diode; a first inorganic
layer formed on the substrate and covering the organic light
emitting diode; a second inorganic layer formed on the first
inorganic layer and contacting the first inorganic layer at an
edge of the second inorganic layer, an organic layer formed
on the second inorganic layer and covering a relatively
smaller area than the second inorganic layer; and a third
inorganic layer formed on the organic layer, covering a
relatively larger area than the organic layer, and contacting
the first inorganic layer and the second inorganic layer at an
edge of the third inorganic layer.
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ORGANIC LIGHT EMITTING DIODE
DISPLAY AND METHOD FOR
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of U.S. patent
application Ser. No. 15/841,204, filed Dec. 13, 2017, which
is a Division of U.S. patent application Ser. No. 14/608,798,
filed on Jan. 29, 2015, now issued as U.S. Pat. No. 9,853,
245, which is a Continuation-In-Part (CIP) of U.S. patent
application Ser. No. 13/438,574, filed on Apr. 3, 2012, now
issued as U.S. Pat. No. 8,975,660, which claims priority
from Korean Application No. 10-2011-0105429, filed on
Oct. 14, 2011, each of which is hereby incorporated by
reference for all purpose as if fully set forth herein.

BACKGROUND

Field of the Invention

[0002] The present invention relates to an organic light
emitting diode (OLED) display and a manufacturing method
thereof. More particularly, the present invention relates to an
OLED display using thin film encapsulation, and a manu-
facturing method thereof.

Description of the Related Art

[0003] Unlike a liquid crystal display, the OLED display
has a self-emitting characteristic and does not need a sepa-
rate light source such that the thickness and weight thereof
are decreased. In addition, since the OLED display involves
high quality characteristics such as low power consumption,
high luminance, and short response time, it is spotlighted as
a next generation display device for portable electronic
appliances.

[0004] The OLED display includes a plurality of organic
light emitting diodes, each having a hole injection electrode,
an organic emission layer, and an electron injection elec-
trode. Light is generate by energy generated when exciton
generated by combining electrons and holes in an organic
emission layer falls from an exited state to a ground state,
and the OLED display displays the image using the same.

[0005] However, the organic emission layer sensitively
reacts to the external environment such as moisture and
oxygen. Thus, when the organic emission layer is exposed to
moisture and oxygen, quality of the OLED display may
deteriorate. Accordingly, in order to protect an organic light
emitting diode and prevent permeation of moisture or oxy-
gen into the organic emission layer, an encapsulation sub-
strate may be attached in an air-tight manner to a display
substrate where the organic light emitting diode is formed,
or a thin film encapsulation may be formed on the organic
light emitting diode.

[0006] In particular, the entire thickness of the OLED
display can be significantly reduced by using the thin film
encapsulation rather than using the encapsulation substrate.
Furthermore, it is advantageous to realize a flexible display.
[0007] However, the OLED display using the thin film
encapsulation can effectively prevent permeation of mois-
ture or oxygen along a direction perpendicular to the sub-
strate, but moisture or oxygen may be easily permeated into
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the substrate along an interface of the thin film encapsulation
in a direction parallel to the substrate at an edge of the
substrate.

[0008] The above information disclosed in this Back-
ground section is only for enhancement of an understanding
of the background of the invention, and therefore it may
contain information that does not form the prior art that is
already known in this country to a person of ordinary skill
in the art.

SUMMARY OF THE INVENTION

[0009] The present invention has been developed in an
effort to provide an organic light emitting diode (OLED)
display that can be easily manufactured by having a rela-
tively small structure while effectively suppressing perme-
ation of moisture and oxygen along a side surface direction.
[0010] An OLED display according to the present inven-
tion includes: a substrate; an organic light emitting diode
formed on the substrate; a first inorganic layer formed on the
substrate and covering the organic light emitting diode; an
intermediate layer formed on the first inorganic layer and
covering an area relatively smaller than the first inorganic
layer; and a second inorganic layer formed on the first
inorganic layer and the intermediate layer, and contacting
the first inorganic layer at an edge thereof while covering a
relatively larger area than the intermediate layer.

[0011] The first inorganic layer and the second inorganic
layer may be layered on the edge of the substrate.

[0012] The first inorganic layer may be formed through an
atomic layer deposition (ALD) method.

[0013] The intermediate layer may include at least one of
a metal oxide layer and an organic layer.

[0014] The OLED display may further include an upper
layer formed on the second inorganic layer, and the upper
layer may cover a relatively smaller area than the second
inorganic layer.

[0015] The upper layer may cover an area that is the same
as the intermediate layer.

[0016] The upper layer may include at least one of a metal
oxide layer and an organic layer.

[0017] The OLED display may include a third inorganic
layer formed on the second inorganic layer and the upper
layer and contacting the second inorganic layer at an edge
thereof while covering a relatively larger area than the upper
layer.

[0018] The first inorganic layer, the second inorganic
layer, and the third inorganic layer may be layered on the
edge of the substrate.

[0019] At least one of the second inorganic layer and the
third inorganic layer may be formed through an ALD
method.

[0020] A manufacturing method of an OLED display
according to another exemplary embodiment of the present
invention includes: preparing a substrate; forming an
organic light emitting diode on the substrate; forming a first
inorganic layer covering the organic light emitting diode;
forming an intermediate layer on the first inorganic layer and
covering an area relatively smaller than the first inorganic
layer; and forming a second inorganic layer on the first
inorganic layer and the intermediate layer, and contacting
the first inorganic layer at an edge thereof while covering a
relatively larger area than the intermediate layer.

[0021] The first inorganic layer and the second inorganic
layer may be layered on an edge of the substrate.
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[0022] The first inorganic layer may be formed through an
atomic layer deposition (ALD) method.

[0023] The intermediate layer may include at least one of
a metal oxide layer and an organic layer.

[0024] The manufacturing method of the OLED display
may further include forming an upper layer on the second
inorganic layer, wherein the upper layer covers an area
relatively smaller than the second inorganic layer.

[0025] The upper layer may cover an area that is the same
as the intermediate layer.

[0026] The upper layer may include at least one of a metal
oxide layer and an organic layer.

[0027] The manufacturing method of the OLED display
may further include forming a third inorganic layer on the
second inorganic layer and the upper layer, and contacting
the second inorganic layer at an edge thereof while covering
an area relatively larger than the upper layer.

[0028] The first inorganic layer, the second inorganic
layer, and the third inorganic layer may be layered on the
edge of the substrate.

[0029] At least one of the second inorganic layer and the
third inorganic layer may be formed through the ALD
method.

[0030] An OLED display according to an exemplary
embodiment of the present invention may include: a sub-
strate; an organic light emitting diode formed on the sub-
strate; a metal oxide layer formed on the substrate and
covering the organic light emitting diode; a first inorganic
layer formed on the metal oxide layer and covering a
relatively larger area than the metal oxide layer; a first
organic layer formed on the first inorganic layer and cov-
ering a relatively smaller area than the first inorganic layer;
and a second inorganic layer formed on the first organic
layer, covering a relatively larger area than the first organic
layer, and contacting the first inorganic layer at an edge of
the second inorganic layer.

[0031] The OLED display may further include: a second
organic layer formed on the second inorganic layer and
covering a relatively smaller area than the second inorganic
layer; a third organic layer formed on the second organic
layer, covering a relatively larger area than the second
organic layer, and contacting the first inorganic layer and the
second inorganic layer at an edge of the third organic layer.
[0032] The metal oxide layer may include aluminum oxide
or titanium oxide. The metal oxide layer is formed using one
of a chemical vapor deposition (CVD) method, a sputtering
method, an atomic layer deposition (ALD) method, and an
evaporation method oxide layer may be formed using one of
a chemical vapor deposition (CVD) method, a sputtering
method, an atomic layer deposition (ALD) method, and an
evaporation method.

[0033] The first inorganic layer may be formed of a
mixture of silicon oxide and silicon nitride. The first inor-
ganic layer may be formed using an atomic layer deposition
(ALD) method.

[0034] The first and second organic layers may be respec-
tively include a polymer. Here, the first inorganic layer may
be formed by annealing a monomer provided on the first
inorganic layer using an evaporation method or an inkjet
printing method, and the second organic layer may be
formed by annealing a monomer provided on the second
inorganic layer using an evaporation method or an inkjet
printing method.
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[0035] The second inorganic layer and the third inorganic
layer may include silicon nitride and silicon oxide, and may
be formed using one of a chemical vapor deposition (CVD)
method, a sputtering method, an atomic layer deposition
(ALD) method, and an evaporation method.

[0036] An OLED display according to another exemplary
embodiment of the present invention may include: a sub-
strate; an organic light emitting diode formed on the sub-
strate; a first inorganic layer formed on the substrate and
covering the organic light emitting diode; a second inorganic
layer formed on the first inorganic layer and contacting the
first inorganic layer at an edge of the second inorganic layer;
an organic layer formed on the second inorganic layer and
covering a relatively smaller area than the second inorganic
layer; and a third inorganic layer formed on the organic
layer, covering a relatively larger area than the organic layer,
and contacting the first inorganic layer and the second
inorganic layer at an edge of the third inorganic layer.
[0037] The first inorganic layer and the third inorganic
layer may respectively include silicon nitride and silicon
oxide, and may be formed using one of a chemical vapor
deposition (CVD) method, a sputtering method, an atomic
layer deposition (ALD) method, and an evaporation method.
[0038] The second inorganic layer may be formed of a
mixture of silicon oxide and silicon nitride, and may be
formed using an ALD method.

[0039] The organic layer may include a polymer, and the
polymer may be formed by annealing a monomer provided
on the second inorganic layer using an evaporation method
or an inkjet printing method.

[0040] According to the exemplary embodiments of the
present invention, the OLED display can have a relatively
simple structure while effectively suppressing permeation of
moisture and oxygen along the side surface direction.
[0041] In addition, damage to the organic light emitting
diode during a process for forming the thin film encapsula-
tion can be minimized.

[0042] Furthermore, the OLED display can be effectively
and easily manufactured.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] A more complete appreciation of the invention, and
many of the attendant advantages thereof, will be readily
apparent as the same becomes better understood by refer-
ence to the following detailed description when considered
in conjunction with the accompanying drawings, in which
like reference symbols indicate the same or similar compo-
nents, wherein:

[0044] FIG. 1is a cross-sectional view of an organic light
emitting diode (OLED) display according to a first exem-
plary embodiment of the present invention;

[0045] FIG. 2 is an enlarged cross-sectional view of the
OLED display of FIG. 1;

[0046] FIG. 3 is a cross-sectional view of an OLED
display according to a second exemplary embodiment of the
present invention;

[0047] FIG. 4 is a cross-sectional view of an OLED
display according to a third exemplary embodiment of the
present invention;

[0048] FIG. 5 is a cross-sectional view of an OLED
display according to a fourth exemplary embodiment of the
present invention;
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[0049] FIG. 6 is a comparison table of an experiment
example and a comparative example according to the first
exemplary embodiment of the present invention;

[0050] FIG. 7 is a cross-sectional view of an OLED
display according to a fifth exemplary embodiment of the
present invention;

[0051] FIG. 8 is a cross-sectional view of an OLED
display according to a sixth exemplary embodiment of the
present invention; and

[0052] FIG. 9 is a cross-sectional view of an OLED
display according to a seventh exemplary embodiment of the
present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0053] The present invention will be described more fully
hereinafter with reference to the accompanying drawings, in
which exemplary embodiments of the invention are shown.

[0054] As those skilled in the art will realize, the described
embodiments may be modified in various different ways, all
without departing from the spirit or scope of the present
invention.

[0055] In various exemplary embodiments, the same ref-
erence numerals are used for elements having the same
configuration, and will be representatively described in a
first exemplary embodiment whereas, in other exemplary
embodiments, only elements different from those of the first
exemplary embodiment will be described.

[0056] The drawings are schematic and not proportionally
scaled down. Relative scales and ratios in the drawings are
enlarged or reduced for the purpose of accuracy and con-
venience, and the scales are random and not limited thereto.
In addition, like reference numerals designate like struc-
tures, elements, or parts throughout the specification. It will
be understood that, when an element is referred to as being
“on” another element, it can be directly on another element
or intervening elements may be present therebetween.

[0057] Exemplary embodiments of the present invention
represent ideal exemplary embodiments of the present
invention in detail. As a result, modifications of diagrams are
expected. Accordingly, exemplary embodiments are not
limited to specific shapes of shown regions, and for
example, also include modifications of the shape by manu-
facturing.

[0058] Hereinafter, an organic light emitting diode
(OLED) display according to a first exemplary embodiment
of the present invention will be described with reference to
FIG. 1.

[0059] FIG. 1is a cross-sectional view of an organic light
emitting diode (OLED) display according to a first exem-
plary embodiment of the present invention.

[0060] As shown in FIG. 1, the OLED display 101 accord-
ing to the first exemplary embodiment of the present inven-
tion includes a substrate 110, an organic light emitting diode
70, and a thin film encapsulation 201.

[0061] The substrate 110 may be made of various mate-
rials known to a person skilled in the art, and the material
may include glass, quartz, ceramic, and the like. In addition,
the organic light emitting diode 70 is formed on the substrate
110. The organic light emitting diode 70 emits light and the
OLED display 101 displays an image.
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[0062] The thin film encapsulation 201 protects the
organic light emitting diode 70 by covering the same. In
addition, the thin film encapsulation 201 has a multi-layered
structure.

[0063] In the first exemplary embodiment of the present
invention, the thin film encapsulation 201 includes a first
inorganic layer 211, intermediate layers 221, 222, and 223,
and a second inorganic layer 212.

[0064] The first inorganic layer 211 covers the organic
light emitting diode 70. The first inorganic layer 211 is
disposed most adjacent to the organic light emitting diode 70
among the layers of the thin film encapsulation 201. That is,
the first inorganic layer 211 becomes the lowest layer of the
thin film encapsulation 201.

[0065] The intermediate layers 221, 222, and 223 are
formed on the first inorganic layer 211. The intermediate
layers 221, 222, and 223 cover a relatively smaller area than
the first inorganic layer 211. In further detail, the interme-
diate layers 221, 222, and 223 expose edges of the first
inorganic layer 211.

[0066] The second inorganic layer 212 is formed on the
first inorganic layer 211 and the intermediate layers 221,
222, and 223. The second inorganic layer 212 covers a
relatively larger area than the intermediate layers 221, 222,
and 223. In addition, the second inorganic layer 212 contacts
the first inorganic layer 211 at edges thereof.

[0067] That is, the thin film encapsulation 201 has a
structure in which the first inorganic layer 211 and the
second inorganic layer 212 are sequentially layered on the
edges of the substrate 110, and thin film encapsulation
substrate 212 has a structure in which the first inorganic
layer 211, the intermediate layers 221, 222, and 223, and the
second inorganic layer 212 are sequentially layered on the
organic light emitting diode 70.

[0068] The first inorganic layer 211 and the second inor-
ganic layer 212 may be formed of a material including at
least one of Al,O;, TiO,, ZrO, Si0,, AION, AIN, SiON,
Si;N,, ZnO, and Ta,Os.

[0069] In addition, the first inorganic layer 211 is formed
through an atomic layer deposition (ALD) method. Accord-
ing to the ALD method, the first inorganic layer 211 may be
formed by growing the above-stated inorganic materials at a
temperature lower than 100.degree. C. in order to prevent
damage to the organic light emitting diode 70. The first
inorganic layer 211 formed through the ALD method has
high density so that permeation of moisture or oxygen can
be effectively suppressed.

[0070] The intermediate layers 221, 222, and 223 are
formed of multi-layers including a metal oxide layer and an
organic layer. FIG. 1 illustrates that the intermediate layers
221, 222, and 223 have a triple-layered structure of a metal
oxide layer, an organic layer, and a metal oxide layer, but the
first exemplary embodiment of the present invention is not
limited thereto. That is, the intermediate layers 221, 222, and
223 may have various complex structures known to a person
skilled in the art.

[0071] Meanwhile, the organic layer 222 is formed of a
polymer-based material. The polymer-based material
includes an acryl-based resin, an epoxy-based resin, poly-
amide, and polyethylene.

[0072] In the first exemplary embodiment of the present
invention, the first inorganic layer 211 is formed most
adjacent to the organic light emitting diode 70. As described,
the first inorganic layer 211, formed most adjacent to the
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organic light emitting diode 70, is formed through the
above-stated ALD method, and accordingly, damage to the
organic light emitting diode 70 during the process for
forming the thin film encapsulation 201 can be minimized.
[0073] In addition, the first inorganic layer 211 suppresses
damage to the organic light emitting diode 70 due to plasma
or other impact during the process for forming the interme-
diate layers 221, 222, and 223.

[0074] The second inorganic layer 212 may also be
formed using the ALD method, but it is not restrictive.
[0075] Furthermore, the substrate 110, the first inorganic
layer 211, and the second inorganic layer 212 have relatively
excellent bonding force therebetween, and thus when the
first inorganic layer 211 and the second inorganic layer 212
are sequentially layered on the edge of the substrate 110,
permeation of moisture or oxygen along interlayer interfaces
in the side surface direction can be effectively suppressed.
[0076] In addition, the organic layer 222 of the interme-
diate layers 221, 222, and 223 have a relatively good
planarization characteristic and can ease interlayer stress.
That is, the intermediate layers 221, 222, and 223 may
function to ease the interlayer stress between the first
inorganic layer 211 and the second inorganic layer 212.
[0077] Furthermore, the first inorganic layer 211 and the
second inorganic layer 212 may be manufactured using the
same mask, and the intermediate layers 221, 222, and 223
may be manufactured using the same mask. That is, the thin
film encapsulation 201 can be formed using two types of
masks. Therefore, compared to the general manufacturing of
a thin film encapsulation having a gradual structure, more
than two masks are not required, and therefore the manu-
facturing process can be simplified and productivity can be
improved.

[0078] With such a configuration, the OLED display 101
according to the first exemplary embodiment of the present
invention can effectively suppress permeation of moisture or
oxygen along the interlayer interface in the side surface
direction. Furthermore, the first inorganic layer 211 in the
thin film encapsulation 201 is formed most adjacent to the
organic light emitting diode 70 so that damage to the organic
light emitting diode 70 can be minimized.

[0079] In addition, the OLED display 101 according to the
first exemplary embodiment of the present invention has a
relatively simple structure, and therefore the number of
masks required during the manufacturing process can be
minimized.

[0080] Hereinafter, structures of the organic light emitting
diode 70 and a thin film transistor for driving the organic
light emitting diode 70 formed on the substrate 110 in the
OLED display 101 will now be described in further detail
with reference to FIG. 2.

[0081] FIG. 2 is an enlarged cross-sectional view of the
OLED display of FIG. 1.

[0082] The thin film transistor 10 includes a semiconduc-
tor layer 130, a gate electrode 155, a source electrode 176,
and a drain electrode 177.

[0083] In the first exemplary embodiment of the present
invention, the semiconductor layer 130 is formed of a
polysilicon layer. However, the first exemplary embodiment
of the present invention is not limited thereto. Thus, the
semiconductor layer 130 may be formed of an amorphous
silicon layer, an oxide semiconductor, or the like.

[0084] The gate electrode 155 is disposed on one area of
the semiconductor layer 130, and a gate insulation layer 140
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is disposed between the gate electrode 155 and the semi-
conductor layer 130. The gate electrode 155 may be formed
various conductive materials known to a person skilled in
the art. The gate insulation layer 140 may be formed so as
to include at least one of tetra ethyl ortho silicate (TEOS),
silicon nitride (SiN, ), and silicon oxide (SiO,). For example,
the gate insulation layer 140 may be a double layer formed
by sequentially layering a silicon nitride layer having a
thickness of 40 nm and a tetra ethyl ortho silicate layer
having a thickness of 80 nm. However, the gate insulation
layer 140 is not limited to the above-described structure in
the first exemplary embodiment of the present invention.
[0085] The source electrode 176 and the drain electrode
177 respectively contact the semiconductor layer 130. The
source electrode 176 and the drain electrode 177 may be
formed of various conductive materials known to a person
skilled in the art. The source electrode 176 and the drain
electrode 177 are separated from each other, and are insu-
lated from the gate electrode 155. An interlayer insulation
layer 160 may be disposed between the source electrode 176
and the drain electrode 177. The interlayer insulation layer
160 may be formed of various insulation materials known to
a person skilled in the art.

[0086] The organic light emitting diode 70 includes a pixel
electrode 710 connected to the drain electrode 177 of the
thin film transistor 10, an organic emission layer 720 formed
on the pixel electrode 710, and a common electrode 730
formed on the organic emission layer 720. In addition, the
organic light emitting diode 70 may further include a pixel
defining layer 190 having an opening partially exposing the
pixel electrode 710 and defining an emission area. The
organic emission layer 720 may emit light in the opening of
the pixel defining layer 190.

[0087] In addition, in the first exemplary embodiment of
the present invention, the structures of the thin film transistor
10 and the organic light emitting diode 70 are not limited to
the structure shown in FIG. 2. The thin film transistor 10 and
the organic light emitting diode 70 can have various struc-
tures that can be easily modified by a person skilled in the
art.

[0088] The OLED display 101 may further include a
barrier layer 120 disposed between the thin film transistor 10
and the substrate 110. In further detail, the barrier layer 120
may be disposed between the semiconductor layer 130 and
the substrate 110. For example, the barrier layer 120 may
have a double-layered structure comprising a single layer of
silicon nitride (SiN,) and a double-layer of silicon nitride
(SiN,) and silicon oxide (Si0,). The barrier layer 120
functions to prevent permeation of unnecessary components,
such as an impure element or moisture, and makes the
surface flat. However, the barrier layer 120 is not a required
constituent, and it may be omitted according to the type and
process condition of the substrate 110.

[0089] Hereinafter, a manufacturing method of the OLED
display 101 according to the first exemplary embodiment of
the present invention will be described.

[0090] First, the substrate 110 formed of a material such as
glass, quartz, and ceramic is prepared. In addition, the
organic light emitting diode 70 is formed on the substrate
110.

[0091] Next, the first inorganic layer 211 covering the
organic light emitting diode 70 is formed on the substrate
110. In this case, the edge of the first inorganic layer 211
contacts the substrate 110. In addition, the first inorganic
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layer 211 is formed using a material including at least one of
AlL,O;, TiO,, 7r0, Si0,, AION, AIN, SiON, Si;N,, ZnO,
and Ta, O through the ALD method. According to the ALD
method, the first inorganic layer 211 can be formed by
growing inorganic materials at a temperature lower than
100.degree. C. to prevent damage to the organic light
emitting diode 70. Furthermore, the first inorganic layer 211
formed using the ALD method has a high density so that
permeation of moisture or oxygen can be effectively sup-
pressed.

[0092] Next, the intermediate layers 221, 222, and 223 are
formed on the first inorganic layer 211. In the first exemplary
embodiment of the present invention, the intermediate layers
221, 222, and 223 are formed as a multiple layer including
at least one of a metal oxide layer and an organic layer.

[0093] In addition, the intermediate layers 221, 222, and
223 cover a relatively smaller area than the first inorganic
layer 211. That is, the intermediate layers 221, 222, and 223
expose an edge of the first inorganic layer 211. Therefore,
the intermediate layers 221, 222, and 223 are formed using
a mask that is different from the first inorganic layer 211.

[0094] The organic layer 222 of the intermediate layers
221, 222, and 223 may be formed using a low temperature
deposition method. The low temperature deposition method
may use plasma. In this case, the first inorganic layer 211
suppresses damage to the organic light emitting diode 70
during the process for forming the organic layer 222. That is,
the first inorganic layer 211 can be formed without causing
damage to the organic light emitting diode 70, and can
suppress damage to the organic light emitting diode 70
during the post process.

[0095] Next, the second inorganic layer 212 is formed on
the intermediate layers 221, 222, and 223. In this case, the
second inorganic layer 212 covers a relatively larger area
than the intermediate layers 221, 222, and 223. In addition,
the second inorganic layer 212 contacts the first inorganic
layer 211 at the edge thereof. The second inorganic layer 212
covers an area that is equivalent to the first inorganic layer
211, and in this case, the second inorganic layer 212 may be
formed using the same mask used to form the first inorganic
layer 211.

[0096] As described, the thin film encapsulation 201 has a
structure in which the first inorganic layer 211 and the
second inorganic layer 212 are layered on the edge of the
substrate 110, and has a structure in which the first inorganic
layer 211, the intermediate layers 221, 222, and 223, and the
second inorganic layer 212 are layered on the organic light
emitting diode 70.

[0097] Furthermore, since the substrate 110, the first inor-
ganic layer 211, and the second inorganic layer 212 have a
relatively strong bonding force, permeation of moisture or
oxygen along an interlayer interface in the side surface
direction on the edge of the substrate 110 can be effectively
suppressed.

[0098] Meanwhile, the organic layer 222 of the interme-
diate layers 221, 222, and 223 forms a buffer between the
first inorganic layer 211 and the second inorganic layer 212
so as to ease interlayer stress between the first inorganic
layer 211 and the second inorganic layer 212.

[0099] With such a manufacturing method, the OLED
display 101 that can effectively suppress permeation of
moisture or oxygen along the interlayer interface in the side
surface direction can be easily manufactured using the
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manufacturing method of the OLED display according to the
first exemplary embodiment of the present invention.
[0100] In further detail, according to the first exemplary
embodiment of the present invention, the thin film encap-
sulation 201 can effectively suppress the permeation of
moisture or oxygen along the interlayer interface in the side
surface direction while being formed using two masks.
[0101] In addition, according to the first exemplary
embodiment of the present invention, the first inorganic
layer 211 is first formed most adjacent to the organic light
emitting diode 70, and thus damage to the organic light
emitting diode 70 during the process for forming the thin
film encapsulation 201 can be minimized.

[0102] Hereinafter, an OLED display according to a sec-
ond exemplary embodiment of the present invention will be
described with reference to FIG. 3.

[0103] FIG. 3 is a cross-sectional view of an OLED
display according to a second exemplary embodiment of the
present invention.

[0104] As shown in FIG. 3, an OLED display 102 accord-
ing to the second exemplary embodiment of the present
invention includes an intermediate layer 222 formed as a
single layer. In this case, the intermediate layer may be an
organic layer. Thus, the intermediate layer 222 is made of a
polymer-based material. In this regard, the polymer-based
material includes an acryl-based resin, an epoxy-based resin,
polyimide, and polyethylene. In addition, the intermediate
layer 222 may be formed using a low temperature deposition
method.

[0105] With such a configuration, the OLED display 102
according to the second exemplary embodiment of the
present invention can suppress permeation of moisture or
oxygen along an interlayer interface in a side surface direc-
tion. In addition, a first inorganic layer 211 within the thin
film encapsulation 202 is formed most adjacent to the
organic light emitting diode 70, and thus damage to the
organic light emitting diode 70 during a process for forming
the thin film encapsulation 202 can be minimized.

[0106] Furthermore, the OLED display 102 according to
the second exemplary embodiment of the present invention
has a relatively simple structure, and therefore the number of
masks required during the manufacturing process can be
minimized.

[0107] The manufacturing method of the OLED display
102 according to the second exemplary embodiment of the
present invention is the same as the manufacturing method
of the first exemplary embodiment except that the interme-
diate layer 222 is formed as a single layer.

[0108] Hereinafter, an OLED display according to a third
exemplary embodiment of the present invention will be
described with reference to FIG. 4.

[0109] FIG. 4 is a cross-sectional view of an OLED
display according to a third exemplary embodiment of the
present invention.

[0110] As shown in FIG. 4, an OLED display 103 accord-
ing to the third exemplary embodiment of the present
invention further includes an upper layer 232 formed on a
second inorganic layer 212. The upper layer 232 covers an
area relatively smaller than the second inorganic layer 212.
In further detail, the upper layer 232 can cover an area that
is the same as an intermediate layer 231. In this case, the
upper layer 232 may be formed using the mask used to form
the intermediate layer 231. In addition, like the intermediate
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layer 231, the upper layer 232 may include at least one of a
metal oxide layer and an organic layer.

[0111] With such a configuration, the OLED display 103
according to the third exemplary embodiment of the present
invention can effectively suppress permeation of moisture or
oxygen along the interlayer interference in the side surface
direction. In addition, a first inorganic layer 211 within the
thin film encapsulation 203 is formed most adjacent to the
organic light emitting diode 70, and thus damage to the
organic light emitting diode 70 during a process for forming
the thin film encapsulation 203 can be minimized.

[0112] The manufacturing method of the OLED display
103 according to the third exemplary embodiment of the
present invention is the same as the manufacturing method
of the first exemplary embodiment except that a process for
forming the upper layer 232 on the second inorganic layer
212 is additionally performed.

[0113] Hereinafter, an OLED display according to a fourth
exemplary embodiment of the present invention will be
described with reference to FIG. 5

[0114] FIG. 5§ is a cross-sectional view of an OLED
display according to a fourth exemplary embodiment of the
present invention.

[0115] As shown in FIG. 5, a thin film encapsulation 204
of an OLED display 104 according to the fourth exemplary
embodiment of the present invention further includes an
upper layer 242 formed on a second inorganic layer 212 and
a third inorganic layer 213 formed on the upper layer 242.
[0116] The upper layer 242 covers an area relatively
smaller than the second inorganic layer 212. In further detail,
the upper layer 242 can cover an area that is the same as an
intermediate layer 241. In this case, the upper layer 242 may
be formed using a mask used to form the intermediate layer
241. Furthermore, like the intermediate layer 241, the upper
layer 242 may include at least one of a metal oxide layer and
an organic layer.

[0117] The third inorganic layer 213 is formed so as to
contact the second inorganic layer 212 at an edge thereof
while covering a relatively larger area than the upper layer
242. In further detail, the third inorganic layer 213 can cover
an area that is the same as the second inorganic layer 212
and, in this case, the third inorganic layer 213 may be formed
using a mask used to form the first inorganic layer 211 and
the second inorganic layer 212.

[0118] As described, the thin film encapsulation 204 has a
structure in which the first inorganic layer 211, the second
inorganic layer 212, and the third inorganic layer 213 are
layered on an edge of the substrate 110, and has a structure
in which the first inorganic layer 211, the intermediate layer
231, the second inorganic layer 212, the upper portion 242,
and the third inorganic layer 213 are layered on an organic
light emitting diode 70.

[0119] In addition, since the substrate 110, the first inor-
ganic layer 211, the second inorganic layer 212, and the third
inorganic layer 213 have a relatively strong bonding force,
permeation of moisture or oxygen along an interlayer intet-
face in the side surface direction on the edge of the substrate
110 can be effectively suppressed.

[0120] With such a manufacturing method, the OLED
display 104 that can effectively suppress permeation of
moisture or oxygen along the interlayer interface in the side
surface direction can be easily manufactured using the
manufacturing method of the OLED display according to the
first exemplary embodiment of the present invention. Fur-
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thermore, the first inorganic layer 211 within the thin film
encapsulation 204 is formed most adjacent to the organic
light emitting diode 70, and thus damage to the organic light
emitting diode 70 during the process for forming the thin
film encapsulation 204 can be minimized.

[0121] The manufacturing method of the OLED display
104 according to the fourth exemplary embodiment of the
present invention is the same as the manufacturing method
of the first exemplary embodiment except that the upper
layer 242 and the third inorganic layer 213 are formed on the
second inorganic layer 212.

[0122] However, the fourth exemplary embodiment of the
present invention is not limited thereto, and the thin film
encapsulation 204 may include a layered inorganic layer
comprising four or more layers, an intermediate layer com-
prising three or more layers, and an upper layer.

[0123] Hereinafter, experiment examples and different
comparative examples according to the first exemplary
embodiment of the present invention will be described with
reference to FIG. 6.

[0124] FIG. 6 is a comparison table of an experiment
example and a comparative example according to the first
exemplary embodiment of the present invention.

[0125] The life-span evaluation experiments were per-
formed with the experimental example and the comparative
examples, and the experiment was performed under 50 times
of acceleration life-span condition.

[0126] Comparative Example 1 includes one inorganic
layer covering an organic light emitting diode, and the
inorganic layer was formed using an ALD method.

[0127] Comparative Example 2 includes an organic layer
covering an organic light emitting diode, and an inorganic
layer formed on the organic layer and covering an area
relatively larger than the area covered by the organic layer.
That is, a thin film encapsulation had a gradual structure and
two or more masks were used. The organic layer was formed
using a low temperature deposition method and the inor-
ganic layer was formed using the ALD method.

[0128] Comparative Example 3 includes an inorganic
layer sealing an encapsulation substrate made of a known
glass material and covering the encapsulation substrate. The
inorganic layer was formed using the ALD method.

[0129] The Experimental Example has a structure accord-
ing to the first exemplary embodiment of the present inven-
tion, and materials of inorganic and organic layers were the
same as those of the comparative examples.

[0130] As shown in FIG. 6, although the ALD method was
used, the Comparative Example 1 having the thin film
encapsulation formed of the inorganic layer has a problem in
light emission, and lighting was impossible after 408 hours.
In this regard, the experiment was performed under the 50
times of acceleration life-span condition, and therefore 72
hours of the experiment is substantially estimated to 360
hours.

[0131] According to Comparative Example 2, using the
thin film encapsulation formed by forming the organic layer
first and then forming the inorganic layer using the ALD
method, lighting was impossible after 168 hours and thus
suppression of moisture permeation was weaker than that of
the Comparative Example 1.

[0132] According to Comparative Example 3, the inor-
ganic layer formed through the ALD method was added on
the encapsulation substrate made of a glass material, a
problem occurred in light emission after 168 hours, and
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lighting was impossible after 552 hours. Comparative
Example 3 shows relatively strong suppression of moisture
permeation compared to other comparative examples.
[0133] Meanwhile, the Experimental Example maintained
light emission in good state even after 552 hours. That is, the
Experimental Example has a relatively complicated struc-
ture while having a simple structure similar to Comparative
Example 2, and has several times stronger permeation
suppression force than that of Comparative Example 3
having the most excellent permeation suppression force
among the comparative examples.

[0134] FIG. 7 is a cross-sectional view of an OLED
display according to a fifth exemplary embodiment of the
present invention. An OLED display 105 according to the
fifth exemplary embodiment of the present invention
includes a meal oxide layer 311 covering an organic light
emitting diode 70 formed on a substrate 110. The metal
oxide layer 311 is covered by a first inorganic layer 312. The
first inorganic layer 312 puts an edge thereof in contact with
the substrate 110 while covering the metal oxide layer 311.
[0135] A first organic layer 313 is formed on the first
inorganic layer 312. The first organic layer 313 is covered by
a second inorganic layer 314, and an edge of the second
inorganic layer 314 is in contact with an edge of the first
inorganic layer 312.

[0136] In addition, a second organic layer 315 is formed
on the second inorganic layer 314, and a third inorganic
layer 316 covering the second organic layer 315 is formed
on the second organic layer 315. An edge of the third
inorganic layer 316 is also in contact with the edges of the
first and second inorganic layers 312 and 314. As described,
in the OLED display 105 according to the fifth exemplary
embodiment of the present invention, a thin film encapsu-
lation 301 for an organic light emitting diode 70 is formed
with a layered-structure of the metal oxide layer 311/the first
inorganic layer 312/the first organic layer 313/the second
inorganic layer 314/the second organic layer 315/the third
inorganic layer 316.

[0137] Inthe layered-structured, the order of the area sizes
of the first and second organic layers, the metal oxide layer,
and the first, second, and third inorganic layers on the
substrate 100 may be the first and second organic layers<the
metal oxide layer<the first, second, and third inorganic
layers.

[0138] The metal oxide layer 311 may be formed of
aluminum oxide or titanium oxide, and may be formed using
one of a chemical vapor deposition (CVD) method, a
sputtering method, an atomic layer deposition (ALD)
method, and an evaporation method.

[0139] The first inorganic layer 312 may be formed of a
mixture of silicon oxide and silicon nitride, and may be
formed using an ALD method.

[0140] The first organic layer 313 and the second organic
layer 315 may be formed of a polymer, and the polymer may
be formed by annealing a monomer formed on the first
inorganic layer 312 using the evaporation method or an
inkjet printing method.

[0141] The second inorganic layer 314 and the third inor-
ganic layer 316 may be formed of silicon nitride or silicon
oxide, and may be formed using one of the CVD method, the
sputtering method, the ALD method, and the evaporation
method.

[0142] FIG. 8 is a cross-sectional view of an OLED
display according to a sixth exemplary embodiment of the
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present invention. In an OLED display 106 according to the
sixth exemplary embodiment of the present invention, a thin
film encapsulation 401 is provided for protection of an
organic light emitting diode 70, and the thin film encapsu-
lation 401 has a layered-structure of a metal oxide layer
411/a first inorganic layer 412/an organic layer 413/a second
inorganic layer 414.

[0143] In the layered-structure, the order of the area sizes
of the organic layer 413, the metal oxide layer 411, and the
first and second inorganic layers 412 and 414 on the sub-
strate 110 may be the organic layer<the metal oxide
layer<the first and second inorganic layers.

[0144] In addition, materials and methods for manufac-
turing the metal oxide layer 411, the first inorganic layer
412, the organic layer 5413, and the second inorganic layer
414 of the present exemplary embodiment may be based
upon the materials and methods for manufacturing the metal
oxide layer 311, the first inorganic layer 312, the first and
second organic layers 313 and 315, and the second and third
inorganic layers 314 and 316 of the fifth exemplary embodi-
ment of the present invention, respectively.

[0145] Furthermore, edges of the first inorganic layer 412
and the second inorganic layer 414 may be disposed respec-
tively overlapping each other on the substrate 110.

[0146] FIG. 9 is a cross-sectional view of an OLED
display according to a seventh exemplary embodiment of the
present invention. In an OLED display 107 according to the
seventh exemplary embodiment of the present invention, a
thin film encapsulation 501 is provided for protection of an
organic light emitting diode 70 formed on a substrate 110.
The thin film encapsulation 501 has a layered-structure of a
first inorganic layer 511/a second inorganic layer 512/an
organic layer 513/a third inorganic layer 514.

[0147] In such a layered-structure, the order of the area
sizes of the organic layer and the first, second, and third
layers on the substrate 110 may be the organic layer<the
first, second, and third inorganic layers.

[0148] In addition, materials and methods for manufac-
turing the first and third inorganic layers 511 and 514, the
organic layer 513, and the second inorganic layer 512 may
be based upon the materials and methods for manufacturing
the second and third inorganic layers 314 and 316, the first
and second organic layers 313 and 315, and the first inor-
ganic layer 312, respectively.

[0149] Furthermore, edges of the first, second, and third
inorganic layer 511, 512, and 514 may be disposed respec-
tively overlapping each other on the substrate 110.

[0150] As shown in the above-described experiments, the
thin film encapsulation of the OLED display according to
the exemplary embodiments of the present invention can
minimize damage to the organic light emitting diode during
a process for forming the thin film encapsulation by forming
the first inorganic layer adjacent to the organic light emitting
diode first, and can effectively suppress permeation of
moisture or oxygen along an interlayer interface in the side
surface direction by layering inorganic layers having rela-
tively excellent bonding force therebetween.

[0151] Furthermore, the number of masks required during
a process using the thin film encapsulation can be mini-
mized, thereby improving productivity.

[0152] While this invention has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention
is not limited to the disclosed embodiments but, on the
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contrary, is intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of the appended claims.

What is claimed is:

1. A display device comprising:

a substrate;

a light emitting unit disposed on the substrate;

a first inorganic layer disposed on the substrate and
covering the light emitting unit, an edge of the first
inorganic layer directly contacting the substrate;

a second inorganic layer disposed on the first inorganic
layer and contacting the first inorganic layer at an edge
of the second inorganic layer;

an organic layer disposed on the second inorganic layer
and covering a smaller area than the second inorganic
layer; and

a third inorganic layer disposed on the organic layer,
covering a larger area than the organic layer, and
contacting the first inorganic layer and the second
inorganic layer at an edge of the third inorganic layer.

2. The display device of claim 1, wherein the first inor-
ganic layer and the third inorganic layer comprise silicon
oxide or silicon nitride.

3. The display device of claim 1, wherein the first inor-
ganic layer and the third inorganic layer are formed using
one of a chemical vapor deposition (CVD) method, a
sputtering method, an atomic layer deposition (ALD)
method, and an evaporation method.

4. The display device of claim 1, wherein the second
inorganic layer is formed of a mixture of silicon oxide and
silicon nitride.

5. The display device of claim 1, wherein the second
inorganic layer is formed using an atomic layer deposition
(ALD) method.

6. The display device of claim 1, wherein the organic
layer comprises a polymer.

7. The display device of claim 1, wherein the organic
layer is formed by annealing a monomer provided on the
second inorganic layer using an evaporation method or an
inkjet printing method.

8. The display device of claim 1, wherein at least one of
the first inorganic layer, the second inorganic layer, and the
third inorganic layer comprises silicon.

9. A display device comprising:

a substrate;

a light emitting unit disposed on the substrate;

a first inorganic layer disposed on the substrate and
covering the light emitting unit, wherein two opposite
edges of the first inorganic layer are disposed on a same
layer;

a second inorganic layer disposed on the first inorganic
layer and contacting the first inorganic layer at an edge
of the second inorganic layer;

an organic layer disposed on the second inorganic layer
and covering a smaller area than the second inorganic
layer; and

a third inorganic layer disposed on the organic layer,
covering a larger area than the organic layer, and
contacting the first inorganic layer and the second
inorganic layer at an edge of the third inorganic layer.

10. The display device of claim 9, wherein the first
inorganic layer and the third inorganic layer comprise silicon
oxide or silicon nitride.
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11. The display device of claim 9, wherein the first
inorganic layer and the third inorganic layer are formed
using one of a chemical vapor deposition (CVD) method, a
sputtering method, an atomic layer deposition (ALD)
method, and an evaporation method.

12. The display device of claim 9, wherein the second
inorganic layer is formed of a mixture of silicon oxide and
silicon nitride.

13. The display device of claim 9, wherein the second
inorganic layer is formed using an atomic layer deposition
(ALD) method.

14. The display device of claim 9, wherein the organic
layer comprises a polymer.

15. The display device of claim 9, wherein the organic
layer is formed by annealing a monomer provided on the
second inorganic layer using an evaporation method or an
inkjet printing method.

16. The display device of claim 9, wherein at least one of
the first inorganic layer, the second inorganic layer, and the
third inorganic layer comprises silicon.

17. A display device comprising:
a substrate;
a light emitting unit on the substrate;

a first inorganic layer disposed on the substrate and
covering the light emitting unit;

a second inorganic layer disposed on the first inorganic
layer and contacting the first inorganic layer at an edge
of the second inorganic layer, the second inorganic
layer entirely and directly contacting the first inorganic
layer;

an organic layer disposed on the second inorganic layer
and covering a smaller area than the second inorganic
layer; and

a third inorganic layer disposed on the organic layer,
covering a larger area than the organic layer, and
contacting the first inorganic layer and the second
inorganic layer at an edge of the third inorganic layer.

18. The display device of claim 17, wherein the first
inorganic layer and the third inorganic layer comprise silicon
oxide or silicon nitride.

19. The display device of claim 17, wherein the first
inorganic layer and the third inorganic layer are formed
using one of a chemical vapor deposition (CVD) method, a
sputtering method, an atomic layer deposition (ALD)
method, and an evaporation method.

20. The display device of claim 17, wherein the second
inorganic layer is formed of a mixture of silicon oxide and
silicon nitride.

21. The display device of claim 17, wherein the second
inorganic layer is formed using an atomic layer deposition
(ALD) method.

22. The display device of claim 17, wherein the organic
layer comprises a polymer.

23. The display device of claim 17, wherein the organic
layer is formed by annealing a monomer provided on the
second inorganic layer using an evaporation method or an
inkjet printing method.

24. The display device of claim 17, wherein at least one
of the first inorganic layer, the second inorganic layer, and
the third inorganic layer comprises silicon.
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25. A display device, comprising:
a substrate;
a light emitting unit disposed on the substrate;

a first inorganic layer disposed on the substrate and
covering the light emitting unit;

an intermediate layer disposed on the first inorganic layer
and covering an area smaller than the first inorganic
layer; and

a second inorganic layer disposed on the first inorganic
layer and the intermediate layer and contacting the first
inorganic layer at an edge thereof while covering a
larger area than the intermediate layer;

to wherein the intermediate layer comprises an organic
layer or a multilayer structure comprising an organic
layer and a metal oxide layer.

26. The display device of claim 25, wherein the first
inorganic layer and the second inorganic layer are layered on
an edge of the substrate.

27. The display device of claim 26, wherein the first
inorganic layer is formed by an atomic layer deposition
(ALD) method.
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28. The display device of claim 25, further comprising an
upper layer disposed on the second inorganic layer, wherein
the upper layer covers a smaller area than the second
inorganic layer.

29. The display device of claim 28, wherein the upper
layer covers an area that is the same as the intermediate
layer.

30. The display device of claim 28, wherein the upper
layer comprises at least one of a metal oxide layer and an
organic layer.

31. The display device of claim 28, comprising a third
inorganic layer disposed on the second inorganic layer and
the upper layer, and contacting the second inorganic layer at
an edge thereof while covering a larger area than the upper
layer.

32. The display device of claim 31, wherein the first
inorganic layer, the second inorganic layer, and the third
inorganic layer are layered on an edge of the substrate.

33. The display device of claim 31, wherein at least one
of the second inorganic layer and the third inorganic layer is
formed by an atomic layer deposition (ALD) method.

34. The display device of claim 31, wherein at least one
of the first inorganic layer, the second inorganic layer, and
the third inorganic layer comprises silicon.
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