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An organic light-emitting display system and a method of
manufacturing the same are disclosed. In one aspect, the
organic light-emitting display system includes a substrate, a
display unit that defines an active area on the substrate and
includes a plurality of thin film transistor (TFTs), and an
encapsulation layer that seals the display unit and has a
stacked structure in which at least a first inorganic film, a first
organic film, and a second inorganic film are sequentially
stacked. The TFTs includes an active layer, a gate electrode,
a source electrode, a drain electrode, and an interlayer insu-
lating film that is disposed between the gate electrode and the
source electrode and between the gate electrode and the drain
electrode, wherein the second inorganic film directly contacts
the interlayer insulating film outside the active area. Accord-
ingly, in various embodiments, since an inorganic layer of a
thin film encapsulation layer is prevented from being cracked,
penetration of external moisture or oxygen into the active area
of the display can be reduced or prevents.
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ORGANIC LIGHT-EMITTING DISPLAY
SYSTEM AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional of U.S. patent appli-
cation Ser. No. 13/827,915, filed on Mar. 14, 2013, which
claims the benefit of Korean Patent Application No. 10-2012-
0131115, filed on Nov. 19, 2012, in the Korean Intellectual
Property Office, the disclosures of which are incorporated
herein in by reference.

BACKGROUND
[0002] 1. Technological Field
[0003] Thedisclosed technology relates to an organic light-

emitting display system and a method of manufacturing the
same, and more particularly, to an organic light-emitting dis-
play system and manufacturing method which enhances the
sealing force of a thin film encapsulation layer surrounding
the light-emitting portion of the display system.

[0004] 2. Description of the Related Technology

[0005] An organic light-emitting display system includes
an organic light-emitting device or diode (OLED) including a
hole injection electrode, an electron injection electrode, and
an organic light-emitting layer formed between the hole
injection electrode and the electron injection electrode. Such
a display system is self-emissive system in that light is emit-
ted when excitons, which are generated when electrons
injected from the hole injection electrode and electrons
injected from the electron injection electrode combine with
each other in the organic light-emitting layer, drop from an
excited state to a ground state.

[0006] Since an OLED display does system system not
require a separate light source, system it can operate at a low
voltage and has a light and thin design. This next-generation
display system has additional advantages such as wide view-
ing angle, high contrast, and fast response. However, since
organic system materials are succeptiable to degradation
from external moisture or oxygen, the light-emitting region
must be effectively sealed.

[0007] In order to make an OLED display system light-
weight and/or flexible, recent attempts have been made to
develop a thin film encapsulation member that includes a
stack of layers formed by laying down inorganic films, or
organic films and inorganic films.

[0008] As an inorganic film will generally have a greater
thickness, it may more effectively prevent penetration of
external moisture or oxygen than an organic film. However, as
the thickness of an inorganic film increases, stress also
increases, thereby allowing the inorganic film to peel off.
Once an encapsulation member is damaged or removed, the
lifetime of the display is reduced. system

SUMMARY OF CERTAIN INVENTIVE ASPECTS

[0009] The present invention provides an organic light-
emitting display system which may improve asealing force of
athin film encapsulation layer and a method of manufacturing
the organic light-emitting display system.

[0010] According to an aspect of the present invention,
there is provided an organic light-emitting display system
including: a substrate; a display unit that defines an active
area on the substrate and comprises a plurality of thin film
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transistors (TFTs); and an encapsulation layer that seals the
display unit and has a stacked structure in which at least a first
inorganic film, a first organic film, and a second inorganic film
are sequentially stacked, wherein the TFTs includes an active
layer, a gate electrode, a source electrode, a drain electrode,
and an interlayer insulating film that is disposed between the
gate electrode and the source electrode and between the gate
electrode and the drain electrode, wherein the second inor-
ganic film directly contacts the interlayer insulating film at
points that are substantially outside the active area.

[0011] The second inorganic film and the interlayer insu-
lating film may be formed of the same material.

[0012] The film material is silicon nitride (SiNx).

[0013] The display unit may further comprises an organic
light-emitting device (OLED), wherein the OLED com-
prises: a pixel electrode that is connected to either one of the
source electrode and the drain electrode; an intermediate
layer that is formed on the pixel electrode and includes an
organic light-emitting layer; and a counter electrode that is
formed on the intermediate layer, wherein the first inorganic
film is formed on the counter electrode.

[0014] The organic light-emitting display system may fur-
ther include a protective layer that is formed between the
counter electrode and the first inorganic film.

[0015] The protective layer may include a capping layer
that covers the counter electrode and a shield layer that is
formed on the capping layer, wherein the shield layer is
formed of lithium fluoride (LiF) having a pin-hole structure.

[0016] The first inorganic film may be formed of aluminum
oxide (AlOx).
[0017] The encapsulation layer may further include a sec-

ond organic film that is formed on the second inorganic film,
and a third inorganic film that is formed on the second organic
film, wherein the third inorganic film contacts a top surface of
the second inorganic film at points that are substantially out-
side the active area.

[0018] The second inorganic film and the third inorganic
film may be formed of the same material.

[0019] The coverage area of each of the second inorganic
film and the third inorganic film is greater than the coverage
area of the first inorganic film.

[0020] According to another aspect of the present inven-
tion, there is provided an organic light-emitting display sys-
temincluding: a substrate; a display unit that defines an active
area on the substrate, and comprises a plurality of thin film
transistors (TFTs) and plurality of organic light-emitting
device (OLEDs) such that a respective one of the TFTs is
electrically connected to a respective one of the OLEDs; an
encapsulation layer that seals the display unit, and has a
stacked structure in which at least a first inorganic film, a first
organic film, and a second inorganic film are sequentially
stacked; and a protective layer that is formed between the
encapsulation layer and the display unit, wherein the TFTs
comprises an interlayer insulating film that extends to points
that are substantially outside of the active area, wherein the
coverage area of the second inorganic film is greater than the
coverage area of each of the first inorganic film and the first
organic film, and the second inorganic film contacts a top
surface of the interlayer insulating film at points that are
substantially outside the active area.

[0021] The interlayer insulating film and the second inor-
ganic film are formed of the same material.

[0022] The organic light-emitting display system, wherein
the protective layer comprises a capping layer that covers the
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counter electrode, and a shield layer that is formed on the
capping layer, wherein the first inorganic film surrounds the
protective layer.

[0023] The thickness of the first inorganic film is greater
than the thickness of the first organic film.

[0024] The shield layer is formed of lithium fluoride (LiF)
having a pin-hole structure, and the first inorganic film is
formed of aluminum oxide (AlOx).

[0025] The encapsulation layer further comprises a second
organic film that is formed on the second inorganic film, and
a third inorganic film that is formed on the second organic
film, wherein the third inorganic film contacts a top surface of
the second inorganic film outside the active area.

[0026] The second inorganic film and the third inorganic
film are formed of the same material.

[0027] The film material is silicon nitride (SiNx).

[0028] The TFTs further comprises an active layer, a gate
electrode, a source electrode, and a drain electrode, wherein
the interlayer insulating film is disposed between the gate
electrode and the source electrode and between the gate elec-
trode and the drain electrode.

[0029] The organic light-emitting device comprises a pixel
electrode that is connected to the TFTs, an intermediate layer
that is disposed on the pixel electrode and comprises an
organic light-emitting layer, and a counter electrode that is
formed on the intermediate layer, wherein the shield layer
covers the counter electrode.

[0030] According to another aspect of the present inven-
tion, there is provided a method of manufacturing an organic
light-emitting display system, the method including: forming
a display unit that defines an active area on a substrate; form-
ing a protective layer on the display unit; forming a first
inorganic film on the protective layer; forming a first organic
film on the first inorganic film; and forming a second inor-
ganic film to cover the first inorganic film and the first organic
film, wherein the display unit comprises an interlayer insu-
lating film that extends to points that are substantially outside
of the active area, and the second inorganic film contacts a top
surface of the interlayer insulating film outside the active
area.

[0031] The forming of the protective layer comprises form-
ing a capping layer on the display unit and forming a shield
layer on the capping layer, wherein the shield layer is formed
of lithium fluoride (LiF) having a pin-hole structure.

[0032] The first inorganic film is formed by using sputter-
ing, and is formed of aluminum oxide (AlOx).

[0033] The method further comprises: forming a second
organic film on the second inorganic film; and forming a third
inorganic film on the second organic film, wherein the second
inorganic film and the third inorganic film are formed by
using chemical vapor deposition (CVD).

[0034] The third inorganic film contacts a top surface of the
second inorganic film outside the active area, and the third
inorganic film and the second inorganic film may be formed
of the same material.

[0035] The interlayer insulating film and the second inor-
ganic film are formed of the same material.

[0036] An organic light-emitting display system, compris-
ing: a substrate; a display unit formed on the substrate com-
prising a central pixel portion having a plurality of pixels,
each pixel comprising a thin film transistors (TFT) and an
organic light emitting diode (OLED); and an encapsulation
layer that seals the display unit and has a stacked structure in
which at least a first inorganic film, a first organic film, and a
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second inorganic film are sequentially stacked, wherein the
TFTs comprise a non-conductive layer, wherein the second
inorganic film extends beyond the pixel portion and contact
the non-conductive layer in a peripheral portion of the dis-
play.

[0037] The inorganic non-conductive layer is an interlayer
insulating film.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] The above and other features and advantages of the
disclosed technology will become more apparent by describ-
ing in detail exemplary embodiments thereof with reference
to the attached drawings in which:

[0039] FIG. 1 is a plan view illustrating an organic light-
emitting display system according to an embodiment of the
disclosed technology;

[0040] FIG. 2 is a cross-sectional view taken along line I-I'
of F1G. 1;

[0041] FIG. 3 is a cross-sectional view taken along line
II-II' of FIG. 1;

[0042] FIG. 4isanenlarged view illustrating a portion P of
FIG. 3; and

[0043] FIGS. 5 through 7 are cross-sectional views for

explaining a method of manufacturing the organic light-emit-
ting display system of FIG. 1, according to an embodiment of
the disclosed technology.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

[0044] As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed items.
Expressions such as “at least one of,” when preceding alist of
elements, modify the entire list of elements and do not modify
the individual elements of the list.

[0045] Accordingly, while exemplary embodiments are
capable of various modifications and alternative forms,
embodiments thereof are shown by way of example in the
drawings and will herein be described in detail. It should be
understood, however, that there is no intent to limit exemplary
embodiments to the particular forms disclosed, but on the
contrary, exemplary embodiments are to cover all modifica-
tions, equivalents, and alternatives falling within the scope of
the invention. While describing the present invention,
detailed descriptions about related well known functions or
configurations that may blur the points of the present inven-
tion are omitted.

[0046] It will be understood that, although the terms first,
second, etc. may be used herein to describe various elements,
these elements should not be limited by these terms. These
terms are only used to distinguish one element from another.
[0047] It will be understood that when an element or layer
is referred to as being “formed on,” another element or layer,
it can be directly or indirectly formed on the other element or
layer. That is, for example, intervening elements or layers
may be present.

[0048] The present invention will now be described more
fully with reference to the accompanying drawings, in which
exemplary embodiments of the invention are shown. Like
elements are denoted by like reference numerals in the draw-
ings and a repeated explanation thereof will not be given.
Thicknesses of layers and regions are enlarged for clarity in
the drawings. Thicknesses of some layers and regions are
exaggerated for convenience of explanation in the drawings.
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[0049] FIG. 1 is a plan view illustrating an organic light-
emitting display system 10 according to an embodiment. FIG.
2 is a cross-sectional view taken along line I-I' of FIG. 1. FIG.
3 is a cross-sectional view taken along line II-II' of FIG. 1.
FIG. 4 is an enlarged view illustrating portion P of FIG. 3.
[0050] Referring to FIGS. 1 through 4, the organic light-
emitting display system 10 includes a substrate 101, a display
unit 200 that defines an active area AA on the substrate 101,
and an encapsulation layer 300 that seals the display unit 200.
[0051] The substrate 101 can be rigid or flexible, and can be
formed of plastic having high heat resistance and high dura-
bility such as polyimide, polyethylene terephthalate (PET),
polycarbonate, polyethylene naphtalate, polyarylate (PAR),
and polyetherimide. However, the present embodiment is not
limited thereto, and the substrate 101 can be formed of any of
other various materials such as a metal and glass.

[0052] The display unit 200 defines the active area AA on
the substrate 101, and includes a plurality of pixels where
each pixel has a thin film transistor (TFT) and an organic
light-emitting device (OLED) which are electrically con-
nected to each other. A pad unit 1is typically disposed around
the active area AA, and transmits an electrical signal from a
power supply device (not shown) or a signal generating
device (not shown) to the active area AA. While subsequent
figures will explain various embodiments of a single TFT and
OLED with respect an individual pixel, it will be understood
by a technologist who has skill in the relevant field that a
matrix of pixels is formed in the active area at the same time
using the layers and films that will be explained below. It will
also be understood that commercial products will typically
employ several subpixels of different colors, such as red,
green and blue to form a complete pixel, but such usage
details are well-known and will not be further considered
here. Furthermore, also not shown is any supporting circuitry
that is used to complement the TFT and OLED to form a pixel
or the circuitry required to drive data to the pixels, for
example.

[0053] The display unit 200 with respect to a pixel will be
explained in greater detail with reference to FIG. 3.

[0054] Inthis embodiment, a buffer layer 201 is formed on
the substrate 101. The buffer layer 201 is formed over an
entire surface of the substrate 101, that is, on and around the
active area AA. The buffer layer 201 is used to prevent impu-
rities from penetrating into the substrate 101 and planarize the
substrate 101. It may be formed of any of various materials
according to design needs.

[0055] For example, the buffer layer 201 may include an
inorganic material such as silicon oxide, silicon nitride, sili-
con oxyhitride, aluminum oxide, aluminum nitride, titanium
oxide, or titanium nitride or an organic material such as poly-
imide. polyester, or acryl, and may have a stacked structure in
which two or more of the materials are stacked.

[0056] With reference to FIG. 2, the TFT is formed on the
buffer layer 201 and includes an active layer 202, a gate
electrode 204, a source electrode 206, and a drain electrode
207.

[0057] The active layer 202 may be formed of an inorganic
semiconductor such as amorphous silicon or polysilicon, an
organic semiconductor, or an oxide semiconductor, and
includes a source region, a drain region, and a channel region.
[0058] A gate insulating film 203 is formed on the active
layer 202. The gate insulating film 203 is formed to corre-
spond to the entire surface of the substrate 101. That is, the
gate insulating film 203 is formed on and around the active
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area AA of the substrate 101. The gate insulating film 203 for
insulating the active layer 202 from the gate electrode 204
may be formed of an organic material or an inorganic material
such as SiNx or SiO,.

[0059] The gate electrode 204 is formed on the gate insu-
lating film 203. The gate electrode 204 may be formed of gold
(Au), silver (Ag), copper (Cu), nickel (Ni), platinum (Pt),
palladium (Pd), aluminum (Al), or molybdenum (Mo), or an
alloy such as Al:Nd or Mo: W, but embodiments are not lim-
ited thereto and gate electrode 204 may be formed of any of
other various materials in consideration of design constraints.
[0060] An interlayer insulating film 205 is formed on the
gate electrode 204. The interlayer insulating film 205 is gen-
erally formed to correspond to the entire surface of the sub-
strate 101. Thatis, the interlayer insulating film 205 is formed
on and around the active area AA.

[0061] The interlayer insulating film 205 that is disposed
between the gate electrode 204 and the source electrode 206
and between the gate electrode 204 and the drain electrode
207 and insulates the gate electrode 204 from each of the
source electrode 206 and the drain electrode 207 may be
formed of an inorganic material such as SiNx or Si0,. The
interlayer insulating film 205 may formed of SiNx, or have a
two-layer structure including a SiNx layer and a Si0, layer.
When the interlayer insulating film 205 has a two-layer struc-
ture, it is preferable that in order to improve the adhesive force
between the interlayer insulating film 205 and the encapsu-
lation layer, an upper layer is formed as a SiNx layer.
[0062] The source electrode 206 and the drain electrode
207 are formed on the interlayer insulating film 205. Further-
more, the interlayer insulating film 205 and the gate insulat-
ing film 203 are formed to expose the source region and the
drain region of the active layer 202, and the source electrode
206 and the drain electrode 207 are formed to contact the
exposed source region and the exposed drain region of the
active layer 202.

[0063] Although the referenced TFT is shown as a top gate
TFT in which the active layer 202, the gate electrode 204, and
the source and drain electrodes 206 and 207 are sequentially
stacked, embodiments are not limited thereto and the gate
electrode 204 can be disposed under the active layer 202.
[0064] The TFT drives the OLED by being electrically
connected to the OLED and is protected by being covered by
a passivation layer 208.

[0065] The passivation layer 208 as disclosed includes an
inorganic insulating film and/or an organic insulating film.
The inorganic insulating film may be formed of Si0,, SiNx,
SiON, Al,0,, TiO,, Ta, O, HfO,, ZrO,, BST, or PZT, and the
organic insulating film may be formed of a general polymer
such as polymethyl methacrylate (PMMA) or polystyrene
(PS), a polymer derivative having a phenol group, an acryl-
based polymer, an imide-based polymer, an arylether-based
polymer, an amide-based polymer, a fluorine-based polymer,
a p-xylene-based polymer, a vinyl alcohol-based polymer, or
a blend thereof. Also, the disclosed passivation layer 208 has
a stacked structure including an inorganic insulating film and
an organic insulating film.

[0066] The light-emissive device such as OLED is gener-
ally formed on the passivation layer 208, and it includes a
pixel electrode 211, an intermediate layer 214, and a counter
electrode 215.

[0067] The pixel electrode 211 is formed on the passivation
layer 208. Furthermore, the passivation layer 208 may be
formed to expose a predetermined portion of the drain elec-
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trode without covering the entire surface of the drain elec-
trode 207, and the pixel electrode 211 may be formed to be
connected to the exposed portion of the drain electrode 207.

[0068] The pixel electrode 211 may be a reflective elec-
trode, and may include a reflective film formed of silver (Ag),
magnesium (Mg), aluminum (Al), platinum (Pt), palladium
(Pd), gold (Au), nickel (Ni), neodymium (Nd), iridium (Jr),
chromium (Cr), or a compound thereof, and a transparent or
semi-transparent electrode layer formed on the reflective
film. The transparent or semi-transparent electrode layer may
include at least one selected from the group consisting of
indium tin oxide (ITO), indium zinc oxide (IZO), zinc oxide
(Zn0), indium oxide (In,0;), indium gallium oxide (IGO),
and aluminum zinc oxide (AZO).

[0069] The counter electrode 215 that faces the pixel elec-
trode 211 may be a transparent or semi-transparent electrode,
and may include a metal thin film having a low work function
formed of lithium (L), calcium (Ca), lithium fluoride (LiF)/
Ca, LiF/Al, Al, Ag, Mg, or a compound thereof. Also, an
auxiliary electrode layer or a bus electrode formed of a trans-
parent electrode-forming material such as ITO, IZ0, ZnO, or
In, O may be further formed on the metal thin film.

[0070] Accordingly, the counter electrode 215 transmits
therethrough light emitted from an organic light-emitting
layer included in the intermediate layer 214. That is, light
emitted from the organic light-emitting layer will be directly
transmitted to the counter electrode 215, or will be reflected
by the pixel electrode 211 including a reflective electrode and
then transmitted to the counter electrode 215.

[0071] However, the organic light-emitting display system
10 is not limited to a top emission organic light-emitting
display system, and may be a bottom emission organic light-
emitting display system in which light emitted from the
organic light-emitting layer is transmitted to the substrate
101. In this case, the pixel electrode 211 may be a transparent
or semi-transparent electrode, and the counter electrode 215
may be a reflective electrode. Also, the organic light-emitting
display system 10 may be a dual-sided emission organic
light-emitting display system in which light is transmitted to
both a top surface and a bottom surface.

[0072] A pixel-defining film 213 formed of an insulating
material is formed on the pixel electrode 211. The pixel-
defining film 213 is processed to expose a predetermined
portion of the pixel electrode 211, and the intermediate layer
214, including the organic light-emitting layer, is formed on
the exposed portion of the pixel electrode 211.

[0073] The organic light-emitting layer may be formed of
either a low molecular weight organic material or a high
molecular weight organic material. The intermediate layer
214 may selectively further include a functional layer such as
a hole transport layer (HTL), a hole injection layer (HIL), an
electron transport layer (ETL), or an electron injection layer
(EIL) in addition to the organic light-emitting layer.

[0074] The encapsulation layer 300 is formed on the
counter electrode 215. In the depicted embodiment, the
encapsulation layer 300 includes at least a first inorganic film
301, afirst organic film 302, and a second inorganic film 303.
Also, as shown in FIG. 4, a protective layer 220 may be
further formed between the encapsulation layer 300 and the
display unit 200.

[0075] The protective layer 220 may include a capping
layer 222 that covers the counter electrode 215, and a shield
layer 224 that 1s disposed on the capping layer 222.
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[0076] The capping layer 222 may be formed of an organic
material such as a-NPD, NPB, TPD, m-MTDATA, Alqs,, or
CuPc. The capping layer 222 is used to enhance light trans-
mission as well as protect the OLED.

[0077] The shield layer 224 may be formed of an inorganic
material such as LiF, MgF,, or CaF,. The shield layer 224 is
used to prevent plasma used in forming the first inorganic film
310 from penetrating into the OLED and damaging the inter-
mediate layer 214 and the counter electrode 215. The shield
layer 224 may be formed of LiF having a pin-hole structure.
[0078] The first inorganic film 301 is formed on the protec-
tive layer 220. The first inorganic film 310 may be formed of,
for example, aluminum oxide (AlOx). The first inorganic film
301 may be formed by using sputtering to athickness of about
500 A. The first inorganic film 301 deposited on the shield
layer 224 is grown according to a crystal structure of the
shield layer 224. That is, fine cracks exist on the entire surface
of the first inorganic film 301 formed on the shield layer 224.
[0079] The first organic film 302 formed on the first inor-
ganic film 301 may include a high molecular weight organic
compound. Outgassing in which gas is released can occur in
the high molecular weight organic compound. The gas can
penetrate into the OLED. In this case, when the first inorganic
film 301 is cracked by particles or the like, the gas generated
in the organic compound can concentrate on the cracks,
thereby oxidizing the counter electrode 215 of the OLED and
resulting in unintended dark spots.

[0080] However, according to various embodiments, since
the fine cracks exist on the entire surface of the first inorganic
film 301, even when gas is released from the first organic film
302, the gas may not be concentrated on a single point. That
is, since gas generated in the first organic film 302 is widely
distributed by the fine cracks existing on the entire surface (on
average), the counter electrode 215 will generally not be
oxidized, and thus, dark spots can be minimized or avoided.
[0081] The first organic film 302 can be formed on the first
inorganic film 301 to have a predetermined thickness, for
example, a thickness of about 30000 A so as to planarize a
stepped portion (see OLED label in FIG. 3) formed due to the
OLED processing including formation of the pixel-defining
film 213. The first organic film 302 may be formed of any one
of epoxy, acrylate, and urethane acrylate. Typically, the thick-
ness of the first organic film 302 will be less than the thickness
of the first inorganic film 301.

[0082] Thesecondinorganic film 303 is formed to surround
the first inorganic film 301 and the first organic film 302. That
is, since the entire surface of the first organic film 302 is
surrounded by the first inorganic film 301 and the second
inorganic film 303, penetration of external moisture or oxy-
gen into the active area of the display may be effectively
prevented.

[0083] The second inorganic film 303 may be formed of,
for example, SiNx, and may be formed by using chemical
vapor deposition (CVD) to a thickness of about 10000 A.
Accordingly, even when particles exist on the first organic
film 302, a raised portion formed due to particles being intro-
duced during the manufacturing process will be covered.
Also, since the second inorganic film 303 is formed by using
CVD that does not use plasma, the first organic film 302 will
not be damaged when the second inorganic film 303 is
formed, and thus, outgassing will be prevented.

[0084] The second inorganic film 303 is formed to cover a
larger area than the first inorganic film 301, and directly
contacts the interlayer insulating film 205 at points that are
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substantially outside the active area AA. Also, the second
inorganic film 303 may be formed of the same material as the
material ofthe interlayer insulating film 205. That is, since the
second inorganic film 303 is formed of SiNx, and the inter-
layer insulating film 205 is formed of SiNx or when the
interlayer insulating film 205 has a two-layer structure, an
upper layer is a SiNx layer, an adhesive force between the
second inorganic film 303 and the interlayer insulating film
205 will be enhanced. Accordingly, in various embodiments,
as the second inorganic film 303 is formed to a thickness
sufficient to cover undesired particulate matter, even when
stress on the film increases, the second inorganic film 303 is
prevented from being peeled off to large extent, and thus,
penetration of unwanted external moisture or oxygen is
reduced or avoided.

[0085] A second inorganic film 304 and a third inorganic
film 305 may be formed on the second inorganic film 303.
Although not shown in FIGS. 1 through 4, in other embodi-
ments, a fourth inorganic film (not shown) formed of AlOx
may be further formed on an outer surface of the encapsula-
tion layer 300.

[0086] The second organic film 304 may be formed of any
one of epoxy, acrylate, and urethane acrylate, and may be
formed to a thickness of about 10000 A. The second organic
film 304 is used to reduce stress on the first inorganic film 301
and planarize particles, if any.

[0087] The third inorganic film 305 covers the second
organic film 304. The third inorganic film 305 has a thickness
of about 10000 A, and contacts a top surface of the second
inorganic film 303 at points that are substantially outside the
active area AA.

[0088] The third inorganic film 305 may be formed of the
same material as the material of the second inorganic film
303. For example, the third inorganic film 305 may be formed
of SiNx. Accordingly, the adhesive force between the third
inorganic film 305 and the second inorganic film 303 should
increase, thereby effectively further preventing penetration of
external moisture or oxygen.

[0089] The encapsulation layer 300 may further include a
plurality of additional inorganic films and organic films
which are alternately stacked, and the number of the inorganic
films and organic layers which are stacked is not limited.
[0090] Also, a protective film (not shown) is attached to a
top surface of the encapsulation layer 300. When the protec-
tive film has a strong adhesive force, when the protective film
is removed, the encapsulation layer 300 may be peeled off as
well. In order to solve this problem, a fourth inorganic film
(not shown) formed of AlOx having a weak adhesive force
with the protective film may be further formed.

[0091] FIGS. 5 through 7 are cross-sectional views for
explaining a method of manufacturing the organic light-emit-
ting display system 10 of FIG. 1. The display unit 200 is the
same as that described with reference to F1G. 3, and thus part
of a structure of the display unit 200 is not shown in FIGS. 5
through 7.

[0092] A method of manufacturing the organic light-emit-
ting display system 10 will be explained with reference to
FIGS. § through 7 along with F1G. 4.

[0093] Referring to FIG. 5, the display unit 200 that defines
the active area AA is formed on the substrate 101. Since the
display unit 200 may incorporate a pixel structure as shown in
FIG. 3 and may be made of any of various well-known
organic light-emitting display designs, a method of manufac-
turing the display unit 200 will not be explained. The display
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unit 200 includes the buffer layer 201, the gate insulating film
203, and the interlayer insulating film 205 which extend to
locations that are substantially outside the active area AA.
The interlayer insulating film 205 which is disposed between
the gate electrode 204 (see FI1G. 3) and the source electrode
206 (see FIG. 3) and between the gate electrode 204 (see FIG.
3) and the drain electrode 207 (see FIG. 3) and insulates the
gate electrode 204 from each of the source electrode 206 and
the drain electrode 207 may be formed of an inorganic mate-
rial such as SiNx or Si0,. The interlayer insulating film 205
may be formed of SiNx, or may be formed to have a two-layer
structure including a SiNx layer and a SiO2 layer. When the
interlayer insulating film 205 has a two-layer structure, an
upper layer may be a SiNx layer in order to improve the
adhesive force between the interlayer insulating film 205 and
the second inorganic film 303.

[0094] Referring to FIG. 6, the protective layer 220 and the
first inorganic film 301 are formed on the display unit 200.
[0095] The protective layer 220 includes the capping layer
222 formed of an organic material such as a-NPD, NPB, TPD,
m-MTDATA, Alq,, or CuPc, and the shield layer 224 formed
of LiF. The first inorganic film 301 may be formed of AlOx.
Also, the first inorganic film 301 may be formed by using
sputtering to a thickness of about 500 A.

[0096] Since the lithium fluoride (LiF) has a pin-hole struc-
ture and the first inorganic layer 301 deposited on the shield
layer 224 is grown according to a crystal structure of the
shield layer 224, fine cracks exist on an entire surface of the
first inorganic film 301. Accordingly, even when a gas is
generated in the first organic film 302 (see FIG. 7) formed on
the first inorganic film 301, the gas will generally be widely
distributed by the fine cracks existing on the entire surface of
the first inorganic film 301 (on average), and may be pre-
vented from concentrating on a single point. Accordingly, the
counter electrode 215 may be prevented from being oxidized
and dark spots may be avoided.

[0097] Referring to FIG. 7, the first organic film 302, the
second inorganic film 303, the second organic film 304, and
the third inorganic film 305 are sequentially formed.

[0098] The first organic film 302 may be formed to a pre-
determined thickness, for example, a thickness of about
30000 A, great enough to planarize a stepped portion formed
due to the pixel-defining film 213 (see FIG. 3). The first
organic film 302 may be formed ofany one of epoxy, acrylate,
and urethane acrylate. In order for the covered area of the first
organic film 302 to be less than the covered area of the first
inorganic film 301, a mask having a smaller opening may be
used to form the first organic film 302.

[0099] Thesecondinorganic film 303 is formed to surround
the first inorganic film 301 and the first organic film 302. That
is, since an entire surface of the first organic film 302 is
surrounded by the first inorganic film 301 and the second
inorganic film 303, penetration of external moisture or oxy-
gen will be reduced or prevented.

[0100] The second inorganic film 303 may be formed of,
for example, SiNx, and may be formed by using CVD to a
thickness of about 10000 A. Accordingly, even when particles
exist on the first organic film 302, a raised portion formed due
to the particles will be covered. Also, since the second inor-
ganic film 303 is formed by using CVD that does not use
plasma, the first organic film 302 may be prevented from
being damaged when the second inorganic film 303 is
formed, thereby preventing outgas sing in which a gas is
generated in the first organic film 302.
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[0101] The second inorganic film 303 is formed to be larger
in area than the first inorganic film 301, and directly contacts
the interlayer insulating film 205 at points that are substan-
tially outside the active area AA. Also, the second inorganic
film 303 may be formed of the same material as a material of
the interlayer insulating film 205. For example, since the
second inorganic film 303 is formed of SiNx, and the inter-
layer insulating film 205 is formed SiNx or when the intet-
layer insulating film 205 has a two-layer structure, an upper
layer is a SiNx layer, the adhesive force between the second
inorganic film 303 and the interlayer insulating film 205 may
be improved. Accordingly, as the second inorganic film 303 is
formed to a thickness that is sufficient to cover undesired
particulate matter, even when stress on the film is increases,
the second inorganic film 303 may be prevented from being
peeled off and thus penetration of external moisture or oxy-
gen will be reduced or prevented.

[0102] Thesecond organic film 304 may include any one of
epoxy, acrylate, and urethane acrylate, and may be formed to
a thickness of about 10000 A. The second organic film 304
reduces stress on the first organic film 301, and planarizes
particles, if any.

[0103] The third inorganic film 305 covers the second
organic film 304. The third inorganic film 305 may have a
thickness of about 10000 A, and may be formed by using
CVD, thereby preventing damage to the second organic film
304.

[0104] Also, the third inorganic film 305 may contact a top
surface of the second inorganic film 303 outside the active
area AA, and the third inorganic film 305 may be formed of
the same material as a material of the second inorganic film
303. For example, the third inorganic film 305 may be formed
of SiNx. Accordingly, the adhesive force between the third
inorganic film 305 and the second inorganic film 303 will be
enhanced, thereby effectively preventing penetration of exter-
nal moisture or oxygen.

[0105] The encapsulation layer 300 may further includes a
plurality of additional inorganic films and organic films
which are alternately stacked. The number of the inorganic
films and organic films which are stacked is not limited.
[0106] A flexible display system is not limited to disclosed
structures and methods of the embodiments, and embodi-
ments may be modified by selectively combining all or some
elements of other embodiments.

[0107] While the inventive concept has been particularly
shown and described with reference to exemplary embodi-
ments thereof, they are provided for the purposes of illustra-
tion and it will be understood by those of ordinary skill in the
art that various modifications and equivalent other embodi-
ments can be made from the inventive concept. Accordingly,
the true technical scope of the inventive concept is defined by
the technical spirit of the appended claims.

What is claimed is:

1. An organic light-emitting display system, comprising:

a substrate;

a display unit that defines an active area on the substrate,
and comprises a plurality of thin film transistors (TFTs)
and a plurality of organic light-emitting devices
(OLEDs) such that a respective one of the TFTs is elec-
trically connected to a respective one of the OLEDs;

an encapsulation layer that seals the display unit, and has a
stacked structure in which at least a first inorganic film,
a first organic film, and a second inorganic film are
sequentially stacked from bottom to top; and
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a protective layer that is formed between the encapsulation

layer and the display unit,

wherein the TFTs comprise an interlayer insulating film

that extends to points that are substantially outside of the
active area,

wherein the coverage area of the second inorganic film is

greater than the coverage area of each of the first inor-
ganic film and the first organic film, and the second
inorganic film contacts a top surface of the interlayer
insulating film at points that are substantially outside the
active area.

2. The organic light-emitting display system of claim 1,
wherein the interlayer insulating film and the second inor-
ganic film are formed of the same material.

3. The organic light-emitting display system of claim 1,

wherein the protective layer comprises a capping layer that

covers the counter electrode, and a shield layer that is
formed on the capping layer,

wherein the first inorganic film surrounds the protective

layer.

4. The organic light-emitting display system of claim 1,
wherein the coverage area of the first inorganic film is greater
than the coverage area of the first organic film.

5. The organic light-emitting display system of claim 3,
wherein the shield layer is formed of lithium fluoride (LiF)
having a pin-hole structure, and the first inorganic film is
formed of aluminum oxide (AlOx).

6. The organic light-emitting display system of claim 1,

wherein the encapsulation layer further comprises a second

organic film that is formed on the second inorganic film,
and a third inorganic film that is formed on the second
organic film,

wherein the third inorganic film contacts a top surface of

the second inorganic film outside the active area.
7. The organic light-emitting display system of claim 6,
wherein the second inorganic film and the third inorganic film
are formed of the same material.
8. The organic light-emitting display system of claim 7,
wherein the film material is silicon nitride (SiNx).
9. The organic light-emitting display system of claim 1,
wherein the TFTs further comprise an active layer, a gate
electrode, a source electrode, and a drain electrode,

wherein the interlayer insulating film is disposed between
the gate electrode and the source electrode and between
the gate electrode and the drain electrode.

10. The organic light-emitting display system of claim 1,

wherein the organic light-emitting device comprises a

pixel electrode that is connected to the TFTs, an inter-
mediate layer that is disposed on the pixel electrode and
comprises an organic light-emitting layer, and a counter
electrode that is formed on the intermediate layer,
wherein the shield layer covers the counter electrode.

11. A method of manufacturing an organic light-emitting
display system, the method comprising:

forming a display unit that defines an active area on a

substrate;

forming a protective layer on the display unit;

forming a first inorganic film on the protective layer;

forming a first organic film on the first inorganic film; and

forming a second inorganic film to cover the first inorganic
film and the first organic film,

wherein the display unit comprises an interlayer insulating

film that extends to points that are substantially outside
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of the active area, and the second inorganic film contacts
atop surface of the interlayer insulating film outside the
active area.

12. The method of claim 11,

wherein the forming of the protective layer comprises
forming a capping layer on the display unit and forming
a shield layer on the capping layer,

wherein the shield layer is formed of lithium fluoride (LiF)
having a pin-hole structure.

13. The method of claim 12, wherein the first inorganic film
is formed by using sputtering, and is formed of aluminum
oxide (AlOx).

14. The method of claim 11, further comprising:

forming a second organic film on the second inorganic
film; and

forming a third inorganic film on the second organic film,

wherein the second inorganic film and the third inorganic
film are formed by using chemical vapor deposition
(CVD).

15. The method of claim 14, wherein the third inorganic
film contacts a top surface of the second inorganic film out-
side the active area, and the third inorganic film and the
second inorganic film are formed of the same material.

16. The method of claim 14, wherein the interlayer insu-
lating film and the second inorganic film are formed of the
same material.

17. An organic light-emitting display system, comprising:

a substrate;

a display unit formed on the substrate comprising a central
pixel portion having a plurality of pixels, each pixel
comprising a thin film transistors (TFT) and an organic
light emitting diode (OLED); and

an encapsulation layer that seals the display unit and has a
stacked structure in which at least a first inorganic film,
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a first organic film, and a second inorganic film are
sequentially stacked from bottom to top,

wherein the TFTs comprise a non-conductive layer,

wherein the second inorganic film extends beyond the pixel

portion and contact the non-conductive layer in a periph-
eral portion of the display.

18. The display system of claim 17, wherein the inorganic
non-conductive layer is an interlayer insulating film.

19. The display system of claim 17, wherein the second
inorganic film and the non-conductive layer are formed of the
same material.

20. The display system of claim 17, wherein the first inor-
ganic film is formed of aluminum oxide (AlOx).

21. The display system of claim 17, wherein the second
inorganic film covers the first organic film.

22. The display system of claim 17,

wherein the encapsulation layer further comprises a second

organic film that is formed on the second inorganic film,
and a third inorganic film that is formed on the second
organic film,

wherein the third inorganic film contacts a top surface of

the second inorganic film at points that are substantially
outside the active area.

23. The display system of claim 22, wherein the third
inorganic film covers the second organic film.

24. The display system of claim 22, wherein the second
inorganic film and the third inorganic film are formed of the
same material.

25. The display system of claim 22, wherein the second
inorganic film and the third inorganic film have the same end
positions.
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