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ORGANIC LIGHT-EMITTING DISPLAY
APPARATUS AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2012-0075750, filed on
Jul. 11, 2012, in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein in its entirety by
reference.

BACKGROUND

[0002] 1.Field

[0003] The following description relates to an organic
light-emitting display apparatus and a method of manufac-
turing the same.

[0004] 2. Description of the Related Art

[0005] An organic light-emitting display apparatus
includes an organic light-emitting device. The organic light-
emitting device includes a hole injection electrode, an elec-
tron injection electrode, and an organic light-emitting layer
formed therebetween. The organic light-emitting display
apparatus is an emissive type display apparatus that generates
light when an energy state of exitons generated by combina-
tions of holes injected from the hole injection electrode with
electrons injected from the electron injection electrode in the
organic light-emitting layer drops to a ground state from an
excited state.

[0006] The organic light-emitting display apparatus does
not require an additional light source, may be operated at a
low voltage, may have a light weight thin film structure, and
has a wide viewing angle, high contrast, and short response
time, and thus, is considered to be a next generation display
device.

[0007] However, the characteristics of the organic light-
emitting display apparatus may be degraded by penetration of
external moisture or oxygen. Thus, the organic light-emitting
display apparatus is sealed to protect it from external moisture
or oxygen.

[0008] Recently, in order to manufacture a thin and/or flex-
ible organic light-emitting display apparatus, thin film encap-
sulation (TFE) formed of a plurality of layers that include a
plurality of inorganic films or organic films and inorganic
films is used to seal the organic light-emitting display appa-
ratus.

[0009] However, a gas generated from the organic films
included in the TFE penetrates into the organic light-emitting
display apparatus, and thus, the lifetime of the organic light-
emitting display apparatus is reduced.

SUMMARY

[0010] Aspects of embodiments of the present invention are
directed toward an organic light-emitting display apparatus
that has an extended lifetime and a method of manufacturing
the same.

[0011] According to an embodiment of the present inven-
tion, there is provided an organic light-emitting display appa-
ratus including: a substrate; a pixel electrode disposed on the
substrate; an intermediate layer that is disposed on the pixel
electrode and includes an organic light-emitting layer; a fac-
ing electrode disposed on the intermediate layer; and a thin
film encapsulating layer disposed on the facing electrode,

Jan. 16,2014

wherein the thin film encapsulating layer includes: a first
inorganic film and a second inorganic film, which are dis-
posed on the facing electrode; a first organic film that is
disposed between the first inorganic film and the second
inorganic film and has a first thickness; and a second organic
film that is disposed on the second inorganic film and has a
second thickness greater than the first thickness.

[0012] The first thickness may be 1.5 um or less.

[0013] In one embodiment, the organic light-emitting dis-
play apparatus further includes a pixel defining film that
defines a pixel region and is disposed to cover both edge
regions of the pixel electrode, wherein the intermediate layer
is disposed in the pixel region and a step difference is gener-
ated between the pixel region and a non-pixel region outside
of the pixel region.

[0014] The first inorganic film, the first organic film, and
the second inorganic film may be disposed in the pixel region
and the non-pixel region along the step difference and the
second organic film may be disposed to planarize the step
difference.

[0015] In one embodiment, the thin film encapsulating
layer further includes a third inorganic film disposed on the
second organic film and a third organic film that is disposed
on the third inorganic film and has a third thickness greater
than the first thickness.

[0016] The first inorganic film, the first organic film, the
second inorganic film, the second organic film, and the third
inorganic film may be disposed in the pixel region and the
non-pixel region along the step difference, and the third
organic film may be disposed to planarize the step difference.
[0017] The first inorganic film, the first organic film, and
the second inorganic film may be disposed in the pixel region
and the non-pixel region along the step difference, and the
second organic film and the third organic film may be dis-
posed to planarize the step difference.

[0018] The thin film encapsulating layer may further
include a plurality of additional inorganic films and organic
films alternately disposed on the third organic film.

[0019] The organic light-emitting display apparatus may
further include a protection layer disposed between the facing
electrode and the thin film encapsulating layer.

[0020] The substrate may be a flexible substrate.

[0021] The organic light-emitting display apparatus may
further include an optical member disposed on the thin film
encapsulating layer.

[0022] According to an embodiment of the present inven-
tion, there is provided a method of manufacturing an organic
light-emitting display apparatus, the method including:
sequentially forming a pixel electrode, an intermediate layer
that includes an organic light-emitting layer, and a facing
electrode on a substrate; and forming a thin film encapsulat-
ing layer on the facing electrode, wherein the forming of the
thin film encapsulating layer includes: forming a first inor-
ganic film on the facing electrode; forming a first organic film
having a first thickness on the first inorganic film; forming a
second inorganic film on the first organic film; and forming a
second organic film having a second thickness greater than
the first thickness on the second inorganic film.

[0023] The forming of the first organic film may include
forming the first organic film to have the first thickness of 1.5
pm or less.

[0024] Inone embodiment, the sequentially forming of the
pixel electrode, the intermediate layer that includes an
organic light-emitting layer, and the facing electrode on the
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substrate may include: forming the pixel electrode on the
substrate; forming the pixel defining film that defines a pixel
region and covers both edge regions of the pixel electrode;
forming the intermediate layer that includes an organic light-
emitting layer in the pixel region defined by the pixel defining
film; and forming the facing electrode to cover the interme-
diate layer and the pixel defining film, wherein a step differ-
ence is formed between the pixel region and a non-pixel
region outside of the pixel region.

[0025] The forming of the first inorganic film, the first
organic film, and the second inorganic film may include form-
ing the first inorganic film, the first organic film, and the
second inorganic film in the pixel region and the non-pixel
region along the step difference, and the forming of the sec-
ond organic film may include forming the second organic film
to planarize the step difference.

[0026] The forming of the thin film encapsulating layer
may further include: after forming the second organic film,
forming a third inorganic film on the second organic film; and
forming the third organic film having a third thickness greater
than the first thickness on the third inorganic film.

[0027] The forming of the first inorganic film, the first
organic film, the second inorganic film, the second organic
film, and the third inorganic film may include forming the first
inorganic film, the first organic film, the second inorganic
film, the second organic film, and the third inorganic film in
the pixel region and the non-pixel region along the step dif-
ference, and the forming of the third organic film may include
forming the third organic film to planarize the step difference.
[0028] The forming of the first inorganic film, the first
organic film, and the second inorganic film may include form-
ing the first inorganic film, the first organic film, and the
second inorganic film in the pixel region and the non-pixel
region along the step difference, and the forming of the sec-
ond organic film and the third organic film may include form-
ing the second organic film and the third inorganic film to
planarize the step difference.

[0029] The forming of the thin film encapsulating layer
may further include forming a plurality of additional inor-
ganic films and organic films alternately formed on the third
organic film.

[0030] The method may further include forming a protec-
tion layer on the facing electrode before forming the thin film
encapsulating layer.

[0031] According to the organic light-emitting display
apparatus and the method of manufacturing the same accord-
ing to embodiments of the present invention, the lifetime of
the organiclight-emitting display apparatus may be increased
by minimizing the thickness of the first organic film included
in the thin film encapsulating layer.

[0032] Also, the occurrence of black spots may be reduced
by planarizing a step difference caused by the pixel defining
film. For this purpose, the second organic film or the third
organic film may be formed to have a thickness greater than
that of the first organic film.

[0033] Also, a flexible organic light-emitting display appa-
ratus may be realized by employing the flexible substrate and
the thin film encapsulating layer as a sealing device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] The above and other features and advantages of the
present invention will become more apparent by describing in
detail exemplary embodiments thereof with reference to the
attached drawings in which:
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[0035] FIG. 1 is a schematic cross-sectional view of an
organic light-emitting display apparatus according to an
embodiment of the present invention;

[0036] FIG. 2is a schematic cross-sectional view of a pixel
region of the organic light-emitting display apparatus of FIG.
1, according to an embodiment of the present invention;
[0037] FIG. 3 is a schematic cross-sectional view of an
organic light-emitting display apparatus according to another
embodiment of the present invention;

[0038] FIG. 4 is a schematic cross-sectional view of an
organic light-emitting display apparatus according to another
embodiment of the present invention;

[0039] FIG. 5 is a schematic cross-sectional view of an
organic light-emitting display apparatus according to another
embodiment of the present invention;

[0040] FIGS. 6 through 8 are sequential cross-sectional
views showing a method of manufacturing the organic light-
emitting display apparatus of F1G. 1, according to an embodi-
ment of the present invention;

[0041] FIG. 9 is a graph showing changes of brightness of
light according to time in the organic light-emitting display
apparatus; and

[0042] FIG. 10 is a graph showing the degree of brightness
reduction according to the thickness of a first organic film in
the organic light-emitting display apparatus according to an
embodiment of the present invention.

DETAILED DESCRIPTION

[0043] The present invention will be described more fully
with reference to the accompanying drawings, in which
exemplary embodiments of the present invention are shown.
[0044] FIG. 1 is a schematic cross-sectional view of an
organic light-emitting display apparatus 100 according to an
embodiment of the present invention. FIG. 2 is a schematic
cross-sectional view of a pixel region of the organic light-
emitting display apparatus of FIG. 1.

[0045] Referring to FIGS. 1 and 2, the organic light-emit-
ting display apparatus 100 includes a substrate 120, a device/
wiring layer 130 formed on the substrate 120, a pixel elec-
trode 141 disposed on the device/wiring layer 130, an
intermediate layer 142 that is disposed on the pixel electrode
141 and includes an organic light-emitting layer, a facing
electrode 143 disposed on the intermediate layer 142, and a
thin film encapsulating layer 150 disposed on the facing elec-
trode 143.

[0046] Thethin film encapsulating layer 150 includes a first
inorganic film 151 disposed on the facing electrode 143, a first
organic film 152 that is disposed on the first inorganic film
151 and has a first thickness d1, a second inorganic film 153
disposed on the first organic film 152, and a second organic
film 154 that is disposed on the second inorganic film 153 and
has a second thickness d2.

[0047] The substrate 120 may be a flexible substrate, and
may be formed of a high heat resistant and high durability
plastic selected from the group consisting of polyimide, poly-
ethylene terephthalate (PET), polycarbonate, polyethylene
naphtalate, polyarylate (PAR), and polyetherimide. However,
the present invention is not limited thereto, and the substrate
120 may be formed of various materials such as a metal or
glass.

[0048] The device/wiring layer 130 may be formed on the
substrate 120. The device/wiring layer 130 may include a
driving thin film transistor (TFT) that drives an organic light-
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emitting device (OLED) 140, a switching TFT, a capacitor, or
wirings connected to the driving TFT or the capacitor.
[0049] Thedriving TFT includes an active layer 131, a gate
electrode 133, and source and drain electrodes 1354 and
1355.

[0050] A barrier film 137 may be disposed between the
substrate 120 and the device/wiring layer 130 to prevent an
external material such as moisture or oxygen from penetrat-
ing into the device/wiring layer 130 and the OLED 140
through the substrate 120.

[0051] The OLED 140 is disposed on the device/wiring
layer 130. The OLED 140 includes the pixel electrode 141,
the intermediate layer 142 that includes an organic light-
emitting layer and is disposed on the pixel electrode 141, and
the facing electrode 143 disposed on the intermediate layer
142.

[0052] In the current embodiment, the pixel electrode 141
is an anode electrode, and the facing electrode 143 is a cath-
ode electrode. However, the present invention is not limited
thereto, and the pixel electrode 141 may be a cathode elec-
trode and the facing electrode 143 may be an anode electrode
according to the driving method of the organic light-emitting
display apparatus 100.

[0053] Holes and electrons are respectively injected from
the pixel electrode 141 and the facing electrode 143 into the
organic light-emitting layer included in the intermediate layer
142. Light is emitted when an energy state of exitons that are
formed by combinations ofthe holes and electrons is changed
from an excited state to a ground state.

[0054] The pixel electrode 141 is electrically connected to
the driving TFT formed on the device/wiring layer 130.
[0055] In the current embodiment, a structure in which the
OLED 140 is disposed on the device/wiring layer 130 on
which the driving TFT is disposed is described, but the struc-
ture is not limited thereto. For example, a structure in which
the pixel electrode 141 of the OLED 140 and the active layer
131 of the TFT are formed on the same layer, a structure in
which the pixel electrode 141 and the gate electrode 133 of
the TFT are formed on the same layer, or a structure in which
the pixel electrode 141 and the source and drain electrodes
135a and 13554 are formed on the same layer may be used.
[0056] Also, in the driving TFT according to the current
embodiment, the gate electrode 133 is disposed on the active
layer 131. However, the present invention is not limited
thereto, and the gate electrode 133 may be disposed under the
active layer 131.

[0057] The pixel electrode 141 included in the OLED 140
according to the current embodiment may be a reflective
electrode, and may include a reflection film formed of a
material selected from the group consisting of Ag, Mg, Al, P,
Pd, Au, Ni, Nd, Ir, Cr, and a compound of these materials and
a transparent or semi-transparent electrode formed on the
reflection film.

[0058] The transparent or semi-transparent electrode may
include at least one selected from the group consisting of
indium tin oxide (ITO), indium zinc oxide (IZ0), zinc oxide
(Zn0), indium oxide (In,0;), indium gallium oxide (IGO),
and aluminum zinc oxide (AZO).

[0059] The facing electrode 143 facing the pixel electrode
141 may be a transparent or semi-transparent electrode, and
may be formed of a metal thin film that has a small work
function and includes a metal selected from the group con-
sisting of Li, Ca, LiF/Ca, LiF/AI, Al, Ag, Mg, and a com-
pound of these metals. Also, an auxiliary electrode or a bus
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electrode may further be formed on the metal thin film. The
auxiliary electrode or a bus electrode may be formed of a
transparent material for forming an electrode, such as I1TO,
120, Zn0O, or In,0,.

[0060] Accordingly, the facing electrode 143 may transmit
light emitted from the organic light-emitting layer included in
the intermediate layer 142.

[0061] The organic light-emitting layer may be a low
molecular weight organic material or a polymer organic
material. The intermediate layer 142 may further optionally
include a functional layer such as a hole transport layer
(HTL), a hole injection layer (HIL), an electron transport
layer (ETL), and an electron injection layer (EIL) besides the
organic light-emitting layer.

[0062] The organic light-emitting display apparatus 100
may be a top emission type apparatus in which light emitted
from the organic light-emitting layer may be emitted towards
the facing electrode 143 directly or after being reflected by the
pixel electrode 141.

[0063] However, the organic light-emitting display appara-
tus 100 according to the current embodiment is not limited to
the top emission type apparatus, and may be a bottom emis-
sion type apparatus in which light emitted from the organic
light-emitting layer is emitted towards the substrate 120. In
this case, the pixel electrode 141 is formed as a transparent or
semi-transparent electrode, and the facing electrode 143 may
be formed as a reflection electrode.

[0064] Also, the organic light-emitting display apparatus
100 according to the current embodiment may be a dual-side
emission type apparatus in which light is emitted to a top
direction and to a bottom direction.

[0065] The thin film encapsulating layer 150 is disposed on
the facing electrode 143, and the thin film encapsulating layer
150 may include the first inorganic film 151, the first organic
film 152, the second inorganic film 153, and the second
organic film 154.

[0066] The first organic film 152 may have a first thickness
d1, and the second organic film 154 may have a second
thickness d2 which is greater than the first thickness d1.
[0067] According to the current embodiment, the substrate
120 is a flexible substrate, and the thin film encapsulating
layer 150 is included as a sealing member, and thus, the
organic light-emitting display apparatus 100 having a flexible
and thin film structure may be readily realized. Also, the thin
film encapsulating layer 150 is disposed to directly cover the
OLED 140, and thus, protects the OLED 140 from external
factors. An additional layer such as a protective layer 170
(refer to FIG. 3) may further be formed between the thin film
encapsulating layer 150 and the OLED 140. However, a filler
that is required for sealing a glass substrate is not required.
[0068] The first inorganic film 151 and the second inor-
ganic film 153 may be formed of a material selected from the
group consisting of a metal oxide, a metal nitride, a metallic
carbide, and a compound formed of these materials, for
example, aluminum oxide, silicon oxide, or a silicon nitride.
The first inorganic film 151 and the second inorganic film 153
prevent external moisture or oxygen from penetrating into the
OLED 140.

[0069] The first organic film 152 and the second organic
film 154 may be formed of a polymer organic compound, for
example, may include acrylate or urethane acrylate.

[0070] The first and second organic films 152 and 154
reduce internal stress of the first and second inorganic films
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151 and 153 or compensate for defects of and planarize the
first and second inorganic films 151 and 153.

[0071] The first and second organic films 152 and 154
included in the organic light-emitting display apparatus 100
according to the current embodiment have thicknesses differ-
ent from each other, and the second organic film 154 has a
thickness d2 greater than the thickness d1 of the first organic
film 152.

[0072] Referring to FIG. 2, a pixel defining film 160 is
disposed on both edge regions of the pixel electrode 141
included in the OLED 140, and the intermediate layer 142 is
disposed in the region defined by the pixel defining film 160.
A step difference is formed by the pixel defining film 160
having a set or predetermined thickness between a pixel
region and a non-pixel region outside of the pixel region.
[0073] The facing electrode 143 1s disposed along the step
difference to cover the pixel defining film 160 and the inter-
mediate layer 142, and the thin film encapsulating layer 150
that seals the OLED 140 is disposed on the facing electrode
143.

[0074] At this point, the first inorganic film 151, the first
organic film 152, and the second inorganic film 153, which
are disposed on a lower side of the thin film encapsulating
layer 150, are sequentially disposed on the facing electrode
143 along the step difference.

[0075] 1In general, organic films included in a thin film
encapsulating layer are formed to have a set or predetermined
thickness to have a planarizing function. However, the first
organic film 152 included in organic light-emitting display
apparatus 100 according to the current embodiment is formed
to have a thickness d1, not thick enough to perform a pla-
narizing function.

[0076] The first organic film 152 may be formed of a poly-
mer organic compound, and at this point, an outgassing phe-
nomenon may occur in the polymer organic compound, and
the gas generated from the polymer organic compound may
penetrate towards the OLED 140.

[0077] Although the first inorganic film 151 is disposed
between the OLED 140 and the first organic film 152, since
the first inorganic film 151 is formed along the step difference
caused by the pixel defining film 160, the first inorganic film
151 may not completely block the penetration of a gas gen-
erated from the first organic film 152 into the OLED 140.
[0078] Accordingly, the OLED 140 may be degraded by the
infiltrated gas, and as a result, the lifetime of the organic
light-emitting display apparatus 100 is reduced.

[0079] However, the first organic film 152 included in the
organic light-emitting display apparatus 100 according to the
current embodiment is formed to have a very thin thickness
dl. The first organic film 152 may reduce or minimize the
discharge of gas, and thus, may increase the lifetime of the
organic light-emitting display apparatus 100.

[0080] Thethicknessdl ofthe first organic film 152 may be
1.5 um or less, which will be described below.

[0081] The second inorganic film 153 and the second
organic film 154 are disposed on the first organic film 152.
The second organic film 154 has a thickness d2 thick enough
to planarize the step difference caused by the pixel defining
film 160.

[0082] If the step difference caused by the pixel defining
film 160 is not planarized by the thin film encapsulating layer
150, the thin film may be damaged by an external pressure,
which may lead to occurrence of black spots in the organic
light-emitting display apparatus.
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[0083] In the organic light-emitting display apparatus 100
according to the current embodiment, the first organic film
152 is formed to have a thickness d1, not thick enough to
perform a planarizing function but to minimize the discharge
of the gas. Accordingly, in order to prevent the occurrence of
black spots, the second organic film 154 is formed to have a
thickness d2, thick enough to planarize the step difference.
[0084] Accordingly, the lifetime of the organic light-emit-
ting display apparatus 100 may be increased and the occur-
rence of black spots may be prevented.

[0085] FIG. 3 is a schematic cross-sectional view of an
organic light-emitting display apparatus 200 according to
another embodiment of the present invention.

[0086] The organic light-emitting display apparatus 200
according to the current embodiment will be described
mainly with regard to the differences between the organic
light-emitting display apparatus 200 and the organic light-
emitting display apparatus 100 of FIGS. 1 and 2.

[0087] Referring to FIG. 3, the organic light-emitting dis-
play apparatus 200 has the same structure as the organic
light-emitting display apparatus 100 of FIGS. 1 and 2 except
that the protection layer 170 is disposed between the facing
electrode 143 and the thin film encapsulating layer 150 and an
optical member 180 is disposed on the thin film encapsulating
layer 150.

[0088] The protection layer 170 may include a capping
layer 171 and a blocking layer 172. The capping layer 171
may be formed of'an organic material selected from the group
consisting of a-NPD, NPB, TPD, m-MTDATA, Alq,, and
CuPc, and may protect the OLED 140 and help light gener-
ated from the OLED 140 to be effectively emitted.

[0089] The blocking layer 172 may be formed of an inor-
ganic material selected from the group consisting of LiF,
MgF,, and CaF,, and blocks plasma used in a process of
forming the thin film encapsulating layer 150 from penetrat-
ing into the OLED 140 since the plasma may damage the
intermediate layer 142 and the facing electrode 143.

[0090] The optical member 180 may be disposed on the
thin film encapsulating layer 150. The optical member 180
may include a phase retarder 181 and a polarizer 182, and the
phase retarder 181 may be a A/4 plate.

[0091] The optical member 180 according to the current
embodiment increases visibility and contrast of the organic
light-emitting display apparatus 200.

[0092] FIG. 4 is a schematic cross-sectional view of an
organic light-emitting display apparatus 300 according to
another embodiment of the present invention.

[0093] Referring to FIG. 4, the organic light-emitting dis-
play apparatus 3 has the same structure as the organic light-
emitting display apparatus 100 of FIGS. 1 and 2 except that
the thin film encapsulating layer 150 further includes a third
inorganic film 155 and a third organic film 156 having a third
thickness d3 greater than the first thickness d1 of the first
organic film 152 on the third inorganic film 155.

[0094] The organic light-emitting display apparatus 300
according to the current embodiment includes the first inor-
ganic film 151, the first organic film 152, the second inorganic
film 153, the second organic film 154, and the third inorganic
film 155, which are disposed in the pixel region and the
non-pixel region along a step difference caused by the pixel
defining film 160, and the third organic film 156 having a third
thickness d3 is disposed on the third inorganic film 155.
[0095] That is, the first and second organic films 152 and
154 are formed to have thicknesses not thick enough to pla-
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narize the step difference caused by the pixel defining film
160, and the third organic film 156 planarizes the step difter-
ence caused by the pixel defining film 160.

[0096] The outgassing phenomenon, that is, the discharge
of a gas from the first and second organic films 152 and 154
may be reduced or minimized by the above configuration, and
a gas discharged from the third organic film 156 is effectively
blocked by the first inorganic film 151, the second inorganic
film 153, and the third inorganic film 155. Accordingly, the
degradation of the intermediate layer 142 by the gas penetra-
tion into the OLED 140 may be reduced.

[0097]  Accordingly, the lifetime of the organic light-emit-
ting display apparatus 300 may be increased, and the occur-
rence of black spots in the organic light-emitting display
apparatus 300 may also be prevented since the step difference
caused by the pixel defining film 160 is planarized by the third
organic film 156.

[0098] FIG. 5 is a schematic cross-sectional view of an
organic light-emitting display apparatus 400 according to
another embodiment of the present invention.

[0099] Referring to FIG. 5, the organic light-emitting dis-
play apparatus 300 has the same structure as the organic
light-emitting display apparatus 100 of FIGS. 1 and 2 except
that the thin film encapsulating layer 150 further includes a
third inorganic film 155 disposed on the second organic film
154, and a third organic film 156 having a third thickness d3
greater than the first thickness d1 of the first organic film 152
on the third inorganic film 155, and a fourth inorganic film
157 disposed on the third organic film 156.

[0100] The organic light-emitting display apparatus 400
according to the current embodiment includes the first inor-
ganic film 151, the first organic film 152, and the second
inorganic film 153, which are disposed in the pixel region and
the non-pixel region along a step difference caused by the
pixel defining film 160, and the second organic film 154 and
the third organic film 156 respectively having set or predeter-
mined thicknesses d2 and d3 are disposed on the second
inorganic film 153. The third inorganic film 155 is disposed
between the second organic film 154 and the third organic
film 156.

[0101] That is, the first organic film 152 is formed to have a
thickness d1, not thick enough to planarize the step difference
caused by the pixel defining film 160, and the step difference
may be planarized by the second organic film 154 and the
third organic film 156.

[0102] The outgassing phenomenon, that is, the discharge
of a gas from the first organic film 152, may be reduced or
minimized by the above configuration, and the thicknesses of
the second organic film 154 and the third organic film 156
may be selected in consideration of the increase in the lifetime
and the reduction of occurrence of black spots of the organic
light-emitting display apparatus 400.

[0103] The organic light-emitting display apparatus 400
according to the current embodiment may further include a
fourth inorganic film 157 on the third organic film 156. That
is, the penetration of external moisture or oxygen may further
be blocked by disposing an inorganic film on an outermost
side of the thin film encapsulating layer 150.

[0104] However, the organic light-emitting display appara-
tus according to the present invention is not limited to the
structures of the organic light-emitting display apparatuses
100, 200, 300, and 400 respectively shown in FIGS. 1, 3, 4,
and 5. That is, the organic light-emitting display apparatus
according to the present invention may further include a plu-
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rality of additional inorganic films and organic films, which
are alternately disposed on the second organic film 154 or the
third organic film 156, and at this point, the number of stack-
ing of the inorganic films and the organic films are not limited.
[0105] Also, an organic film or an inorganic film may be
disposed on an outermost side of the thin film encapsulating
layer 150.

[0106] Also, in the organic light-emitting display appara-
tuses 100, 300, and 400 of FIGS. 1, 4, and 5, the protection
layer 170 may be disposed between the OLED 140 and the
thin film encapsulating layer 150 as in the organic light-
emitting display apparatus 200 of FIG. 3, and the optical
member 180 may be disposed on the thin film encapsulating
layer 150.

[0107] A method of manufacturing the organic light-emit-
ting display apparatus 100 according to an embodiment of the
present invention will now be described.

[0108] FIGS. 6 through 8 are sequential cross-sectional
views showing a method of manufacturing the organic light-
emitting display apparatus 100 of FIG. 1, according to an
embodiment of the present invention.

[0109] Referring to FIG. 6, the device/wiring layer 130 and
the OLED 140 that includes the pixel electrode 141, the
intermediate layer 142 that includes an organic light-emitting
layer, and the facing electrode 143 are formed on the substrate
120.

[0110] The substrate 120 may be a flexible substrate that
may be disposed on a carrier substrate formed of a material
such as glass that supports the flexible substrate. The carrier
substrate may be removed in the course of processes or after
all of the processes are completed.

[0111] As described above, the substrate 120 may be
formed of a plastic having a high thermal resistance and
durability. However, the present invention is not limited
thereto, and the substrate 120 may be formed of various
materials such as a metal or glass.

[0112] Thedevice/wiringlayer 130 may include the driving
TFT (refer to FIG. 2) that drives the OLED 140, a capacitor,
and wirings.

[0113] Thepixel electrode 141, the intermediate layer 142,
and the facing electrode 143 are sequentially formed on the
device/wiring layer 130.

[0114] The pixel electrode 141 may not necessarily be a
reflection electrode, and the facing electrode 143 may be a
transparent or semi-transparent electrode. Accordingly, light
emitted from the organic light-emitting layer included in the
intermediate layer 142 may be emitted towards the facing
electrode 143 directly or after being reflected by the pixel
electrode 141.

[0115] A resonance structure may be realized by the pixel
electrode 141 and the facing electrode 143 by forming the
facing electrode 143 as a semi-transparent electrode.

[0116] However, the organic light-emitting display appara-
tus 100 according to the current embodiment is not limited
thereto. Thus, the organic light-emitting display apparatus
100 may be configured to emit light towards the substrate 120
by forming the pixel electrode 141 as a transparent or semi-
transparent electrode and the facing electrode 143 as a reflec-
tion electrode.

[0117] The organic light-emitting layer included in the
intermediate layer 142 may be formed of a low molecular
weight organic material or a polymer organic material. Also,
a functional layer as described above may be optionally
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formed between the pixel electrode 141 and the facing elec-
trode 143 besides the organic light-emitting layer.

[0118] In the current embodiment, the OLED 140 is dis-
posed on the device/wiring layer 130. However, the present
invention is not limited thereto, and the device/wiring layer
130 and the OLED 140 may be formed on the same layer.
[0119] Referring to FI1G. 7, the first inorganic film 151 and
the first organic film 152 are formed on the OLED 140.
[0120] At this point, the first inorganic film 151 may be
formed of a material selected from the group consisting of a
metal oxide, a metal nitride, a metallic carbide, and a com-
pound of these materials, for example, aluminum oxide, sili-
con oxide, or silicon nitride. The first organic film 152 may be
formed of a polymer organic compound selected from the
group consisting of epoxy, acrylate, and urethane acrylate.
[0121] Here, as described above, the first organic film 152
is formed to have a thickness d1 which is not thick enough to
planarize a step difference caused by the pixel defining film
160 (refer to FIG. 2) for reducing or minimizing a gas dis-
charge phenomenon. The first organic film 152 may have a
thickness d1 of 1.5 um or less.

[0122] Referring to FIG. 8, the second inorganic film 153
and the second organic film 154 are formed on the first
organic film 152.

[0123] The second inorganic film 153 may be formed of a
material selected from the group consisting of a metal oxide,
a metal nitride, a metallic carbide, and a compound of these
materials, or may be formed of the same material used to form
the first inorganic film 151.

[0124] The second organic film 154 may be a polymer
organic compound, and may be formed to have a thickness d2
which is thick enough to planarize a step difference caused by
the pixel defining film 160 (refer to FIG. 2) for reducing or
minimizing the occurrence of black spots in the organic light-
emitting display apparatus 100. The second organic film 154
may have a thickness d2 greater than the thickness d1 of the
first organic film 152.

[0125] FIG.9isa graph showing the changes of brightness
of light according to time in the organic light-emitting display
apparatus 100. FIG. 10 is a graph showing the degree of
brightness reduction according to the thickness d1 of the first
organic film 152 in the organic light-emitting display appa-
ratus 100 according to an embodiment of the present inven-
tion.

[0126] FIG. 9 shows the changes of brightness reduction
(vertical axis) according to time (horizontal axis) when the
thicknesses d1 of the first organic film 152 are 0.2 pm, 0.5 pm,
1 pm, 1.5 pm, and 3 pum, respectively.

[0127] FIG. 9 shows measuring results of changes of
brightness reduction of the organic light-emitting display
apparatus 100 at room temperature as the room temperature is
an important factor for determining the lifetime of the organic
light-emitting display apparatus 100.

[0128] From the graph of FIG. 9, it is confirmed that, as the
thickness d1 of'the first organic film 152 is increased, bright-
ness is rapidly reduced according to time. That is, the lifetime
of the organic light-emitting display apparatus 100 is
reduced.

[0129] FIG. 10 shows the degree of brightness reduction
(vertical axis) after 240 hours at room temperature when the
thicknesses d1 of the first organic film 152 are 0.2 um, 0.5 pum,
1 pm, 1.5 um, and 3 pm, respectively.

[0130] From the graph of FIG. 10, it is confirmed that, as
the thickness d1 of the first organic film 152 is increased, the
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brightness is remarkably reduced after 240 hours of elapsed
time. When the thickness d1 of the first organic film 152 is 3
um, the brightness value is reduced to 92.3%.

[0131] Accordingly, the first organic film 152 may be
formed to have a thickness d1 of 1.5 um or less in consider-
ation of the manufacturing process of the first organic film
152 and the degree of brightness reduction.

[0132] As described above, according to the organic light-
emitting display apparatuses 100, 200, 300, and 400 accord-
ing to the embodiments of the present invention, the lifetime
of the organic light-emitting display apparatuses 100, 200,
300, and 400 may be increased by reducing the thickness d1
of the first organic film 152 included in the thin film encap-
sulating layer 150, and the occurrence of black spots may be
reduced by forming the second organic film 154 or the third
organic film 156 to have a thickness d2 or d3 greater than the
thickness d1 of the first organic film 152 to planarize a step
difference caused by the pixel defining film 160.

[0133] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary skill
in the art that various changes in form and details may be
made therein without departing from the spirit and scope of
the present invention as defined by the following claims, and
equivalents thereof.

What is claimed is:

1. An organic light-emitting display apparatus comprising:

a substrate;

a pixel electrode on the substrate;

an intermediate layer on the pixel electrode and comprising

an organic light-emitting layer;

a facing electrode on the intermediate layer; and

a thin film encapsulating layer on the facing electrode,

wherein the thin film encapsulating layer comprises:

afirstinorganic film and a second inorganic film, the first
and second inorganic films being on the facing elec-
trode;

a first organic film between the first inorganic film and
the second inorganic film and having a first thickness;
and

a second organic film on the second inorganic film and
having a second thickness greater than the first thick-
ness.

2. The organic light-emitting display apparatus of claim 1,
wherein the first thickness is 1.5 pm or less.

3. The organic light-emitting display apparatus of claim 1,
further comprising a pixel defining film covering both edge
regions of the pixel electrode and defining a pixel region,
wherein the intermediate layer is in the pixel region defined
by the pixel defining film and a step difference is generated
between the pixel region defined by the pixel defining film
and a non-pixel region outside of the pixel region.

4. The organic light-emitting display apparatus of claim 3,
wherein the first inorganic film, the first organic film, and the
second inorganic film are in the pixel region and the non-pixel
region along the step difference, and the second organic film
is disposed to planarize the step difference.

5. The organic light-emitting display apparatus of claim 3,
wherein the thin film encapsulating layer further comprises a
third inorganic film on the second organic film, and a third
organic film on the third inorganic film and having a third
thickness greater than the first thickness.

6. The organic light-emitting display apparatus of claim 5,
wherein the first inorganic film, the first organic film, the
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second inorganic film, the second organic film, and the third
inorganic film are in the pixel region and the non-pixel region
along the step difference, and the third organic film is dis-
posed to planarize the step difference.

7. The organic light-emitting display apparatus of claim 5,
wherein the first inorganic film, the first organic film, and the
second inorganic film are in the pixel region and the non-pixel
region along the step difference, and the second organic film
and the third organic film are disposed to planarize the step
difference.

8. The organic light-emitting display apparatus of claim 5,
wherein the thin film encapsulating layer further comprises a
plurality of additional inorganic films and organic films alter-
nately disposed on the third organic film.

9. The organic light-emitting display apparatus of claim 1,
further comprising a protection layer between the facing elec-
trode and the thin film encapsulating layer.

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

11. The organic light-emitting display apparatus of claim 1,
further comprising an optical member on the thin film encap-
sulating layer.

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

sequentially forming a pixel electrode, an intermediate

layer that comprises an organic light-emitting layer, and
a facing electrode on a substrate; and

forming a thin film encapsulating layer on the facing elec-

trode,

wherein the forming of the thin film encapsulating layer

comprises:

forming a first inorganic film on the facing electrode;

forminga first organic film having a first thickness on the
first inorganic film;

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

forming a second organic film having a second thickness
greater than the first thickness on the second inorganic
film.

13. The method of claim 12, wherein the forming of the
first organic film comprises forming the first organic film to
have the first thickness of 1.5 pm or less.

14. The method of claim 12, wherein the sequentially form-
ing of the pixel electrode, the intermediate layer that com-
prises the organic light-emitting layer, and the facing elec-
trode on the substrate comprises:

forming the pixel electrode on the substrate;

forming a pixel defining film that defines a pixel region and

covers both edge regions of the pixel electrode;
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forming the intermediate layer that comprises the organic
light-emitting layer in the pixel region defined by the
pixel defining film; and

forming the facing electrode to cover the intermediate layer

and the pixel defining film,

wherein a step difference is formed between the pixel

region and a non-pixel region outside of the pixel region.

15. The method of claim 12, wherein the forming of the
first inorganic film, the first organic film, and the second
inorganic film comprises forming the first inorganic film, the
first organic film, and the second inorganic film in a pixel
region and a non-pixel region along a step difference, and

the forming of the second organic film comprises forming

the second organic film to planarize the step difference.

16. The method of claim 14, wherein the forming of the
thin film encapsulating layer further comprises:

after forming the second organic film,

forming a third inorganic film on the second organic film;

and

forming a third organic film having a third thickness

greater than the first thickness on the third inorganic
film.

17. The method of claim 16, wherein the forming of the
first inorganic film, the first organic film, the second inorganic
film, the second organic film, and the third inorganic film
comprises forming the first inorganic film, the first organic
film, the second inorganic film, the second organic film, and
the third inorganic film in the pixel region and the non-pixel
region along the step difference, and

the forming of the third organic film comprises forming the

third organic film to planarize the step difference.

18. The method of claim 16, wherein the forming of the
first inorganic film, the first organic film, and the second
inorganic film comprises forming the first inorganic film, the
first organic film, and the second inorganic film in the pixel
region and the non-pixel region along the step difference, and

the forming of the second organic film and the third organic

film comprises forming the second organic film and the
third inorganic film to planarize the step difference.

19. The method of claim 16, wherein the forming of the
thin film encapsulating layer further comprises forming a
plurality of additional inorganic films and organic films alter-
nately on the third organic film.

20. The method of claim 12, further comprising forming a
protection layer on the facing electrode before forming the
thin film encapsulating layer.
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