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Description

BACKGROUND

1. Field

[0001] The invention relates to an organic light-emit-
ting display apparatus and a method of manufacturing

the same.

2. Description of the Related Art

[0002] Recently, conventional display devices are be-
ing replaced with portable thin flat panel display devices.
From among flat panel display devices, organic light-
emitting display apparatuses, which are self-emissive
display devices, are considered as the next-generation
display devices because of their wide viewing angle, high
contrast ratio, and high response speed.

SUMMARY

[0003] According to an embodiment of the invention,
there is provided an organic light-emitting display appa-
ratus including a substrate, a first electrode on the sub-
strate, an intermediate layer on the first electrode, the
intermediate layer including an organic light-emitting lay-
er, a second electrode on the intermediate layer, a first
inorganic encapsulating layer on the second electrode,
the first inorganic encapsulating layer defining a first
groove, a first organic encapsulating layer in the first
groove defined by the first inorganic encapsulating layer,
the first organic encapsulating layer not extending be-
yond the first groove, and a second inorganic encapsu-
lating layer on the first organic encapsulating layer. The
intermediate layer may include an intermediate layer pro-
trusion.

[0004] The second electrode may be spaced apart
from the intermediate layer protrusion so as not to cover
the intermediate layer protrusion. The first inorganic en-
capsulating layer may be spaced apart from the interme-
diate layer protrusion so as not to cover the intermediate
layer protrusion.

[0005] The organic light-emitting display apparatus
may comprise a plurality of subpixels. A plurality of the
intermediate layers may be provided to correspond to
the plurality of subpixels. The intermediate layer protru-
sion may be on at least one edge of each of the plurality
of intermediate layers.

[0006] The first inorganic encapsulating layer may
comprise a first inorganic protrusion that corresponds to
the intermediate layer protrusion. The first inorganic pro-
trusion may be disposed around the first groove.
[0007] The first organic encapsulating layer may be
spaced apart from an uppermost portion of the first inor-
ganic protrusion. The first organic encapsulating layer
may be spaced apart from the intermediate layer protru-
sion. At least one portion of the intermediate layer pro-

10

15

20

25

30

35

40

45

50

55

trusion may contact the second inorganic encapsulating
layer.

[0008] The organic light-emitting display apparatus
may further include a pixel defining film disposed on the
first electrode so as not to cover a portion of a top surface
of the first electrode. The intermediate layer protrusion
may be disposed to correspond to the pixel defining film.
[0009] The first inorganic encapsulating layer and the
second inorganic encapsulating layer may contact each
other at at least one portion of the first inorganic encap-
sulating layer.

[0010] The second inorganic encapsulating layer may
define a second groove. The organic light-emitting dis-
play apparatus may further include a second organic en-
capsulating layer disposed in the second groove of the
second inorganic encapsulating layer so as not to extend
beyond the second groove and a third inorganic encap-
sulating layer on the second organic encapsulating layer.
[0011] The second inorganic encapsulating layer may
comprise a second inorganic protrusion disposed around
the second groove. The second organic encapsulating
layer may be spaced apart from an uppermost portion of
the second inorganic protrusion.

[0012] The second organic encapsulating layer may
be spaced apart from the intermediate layer protrusion.
The second inorganic encapsulating layer and the third
inorganic encapsulating layer may contact each other at
at least one portion of the second inorganic encapsulat-
ing layer.

[0013] The organic light-emitting display apparatus
may further include at least one additional organic en-
capsulating layer and at least one additional inorganic
encapsulating layer on the third inorganic encapsulating
layer.

[0014] A top surface of an uppermost organic encap-
sulating layer from among the at least one additional or-
ganic encapsulating layer formed on the third inorganic
encapsulating layer may be flat.

[0015] A top surface of an uppermostinorganic encap-
sulating layer from among the at least one additional in-
organic encapsulating layer formed on the third inorganic
encapsulating layer may be flat.

[0016] According to an embodiment, there is provided
a method of manufacturing an organic light-emitting dis-
play apparatus, the method including forming a first elec-
trode on a substrate, forming on the first electrode an
intermediate layer, the intermediate layer comprising an
organic light-emitting layer on the first electrode, forming
a second electrode on the intermediate layer, forming a
first inorganic encapsulating layer on the second elec-
trode, the first inorganic encapsulating layer defining a
first groove, forming a first organic encapsulating layer
in the first groove defined by the first inorganic encapsu-
lating layer such that the first organic encapsulating layer
does not to extend beyond the first groove, and forming
a second inorganic encapsulating layer on the first or-
ganic encapsulating layer. The intermediate layer may
be formed by an imaging process.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The above and other features will become more
apparent by describing in detail exemplary embodiments
thereof with reference to the attached schematic draw-
ings in which:

FIG. 1is across-sectional view illustrating an organic
light-emitting display apparatus according to an em-
bodiment;

FIG. 2is across-sectional view illustrating an organic
light-emitting display apparatus according to another
embodiment;

FIG. 3is across-sectional view illustrating an organic
light-emitting display apparatus according to another
embodiment;

FIG. 4 is across-sectional view illustrating an organic
light-emitting display apparatus according to another
embodiment; and

FIGS. 5A through 5E are cross-sectional views illus-
trating stages of a method of manufacturing an or-
ganic light-emitting display apparatus, according to
an embodiment.

DETAILED DESCRIPTION

[0018] Embodiments will now be described more fully
with reference to the accompanying drawings, in which
exemplary embodiments of the invention are shown.
[0019] FIG. 1 is a cross-sectional view illustrating an
organic light-emitting display apparatus 100 according
to an embodiment of the invention.

[0020] Referring to FIG. 1, the organic light-emitting
display apparatus 100 comprises a substrate 101, a first
electrode 110, an intermediate layer 112, a second elec-
trode 113, a first inorganic encapsulating layer 121, a
first organic encapsulating layer 131, and a second inor-
ganic encapsulating layer 122. The substrate 101 may
be formed of a transparent glass material having SiO,
as a main component. In other implementations, the sub-
strate 101 may be formed of a transparent plastic mate-
rial. In this case, the transparent plastic material of the
substrate 101 may be at least one selected from various
organic materials.

[0021] A buffer layer 102 may be formed on the sub-
strate 101. The buffer layer 102, which may prevent im-
purity elements from penetrating through the substrate
101 and which planarizes the substrate 101, may be
formed of any of various materials according to desired
functions. For example, the buffer layer 102 may be
formed of an inorganic material such as silicon oxide,
silicon nitride, silicon oxynitride, aluminum oxide, alumi-
num nitride, titanium oxide, or titanium nitride, an organic
material such as polyimide, polyester, or acryl, or a stack
of the above materials. The buffer layer 102 may be omit-
ted if desired.

[0022] The first electrode 110 may be formed on the
buffer layer 102. The first electrode 110 may function as
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an anode and the second electrode 113 may function as
a cathode, or vice versa.

[0023] If the first electrode 110 functions as an anode,
thefirst electrode 110 may include indium tin oxide (ITO),
indium zinc oxide (1ZO) zinc oxide (ZnO), or In,O4 having
a high work function. According to purpose and design
conditions, the first electrode 110 may further include a
reflective film formed of silver (Ag), magnesium (Mg), alu-
minum (Al), platinum (Pt), palladium (Pd), gold (Au), nick-
el (Ni), neodymium (Nd), iridium (Ir), chromium (Cr), lith-
ium (Li), ytterbium (Yb), or calcium (Ca). A pixel defining
film 119 may be formed on the first electrode 110 by using
an insulating material. In this case, the pixel defining film
119 may be formed to expose at least a portion of a top
surface of the first electrode 110.

[0024] The intermediate layer 112 is formed on the first
electrode 110. In this case, the intermediate layer 112
also covers or corresponds to the pixel defining film 119.
[0025] The intermediate layer 112 comprises an or-
ganic light-emitting layer to generate visible light. The
intermediate layer 112 may be a low molecular weight or
polymeric organic film. If the intermediate layer 112 is a
low molecular weight organic film, the intermediate layer
112 may include one or more of a hole injection layer
(HIL), a hole transport layer (HTL), an electron transport
layer (ETL), and an electron injection layer (EIL), in ad-
dition to the organic light-emitting layer,.

[0026] The HIL may be formed of a phthalocyanine
compound such as copper phthalocyanine or a star-
burst-type amine such as TCTA, m-MTDATA, or m-MT-
DAPB.

[0027] The HTL may be formed ofN,N’-bis(3-methyl-
phenyl)- N,N’-diphenyl-[1,1-biphenyl]-4,4’-diamine
(TPD), or N,N’-di(naphthalene-1-yl)-N,N’-diphenylbenzi-
dine (a-NPD).

[0028] The EIL may be formed of LiF, NaCl, CsF, Li,O,
BaO, or Liq.

[0029] The ETL may be formed of Alq3.

[0030] The organic light-emitting layer may include a
host material and a dopant material.

[0031] Examples of the host material of the organic
light-emitting layer may include tris(8-hydroxyquinoli-
nato)aluminum (Alg3), 9,10-di(naphth-2-yl)anthracene
(ADN), 3-tert-butyl-9,10-di(naphth-2-yl)anthracene
(TBADN), 4,4’-bis(2,2-diphenyl-ethene-1-yl)-4,4’-dime-
thylphenyl (DPVBI), 4,4’-bis(2,2-diphenyl-ethene-1-yl)-
4,4’-dimethylphenyl (p-DMDPVBI), tert(9,9-diarylfluore-
ne)s (TDAF), 2-(9,9’-spirobifluorene-2-yl)-9,9’-spirobiflu-
orene (BSDF), 2,7-bis(9,9-spirobifluorene-2-yl)-9,9-
spirobifluorene (TSDF), bis(9,9-diarylfluorene)s (BDAF),
4,4’-bis(2,2-diphenyl-ethene-1-yl)-4,4’-di-(tert-butyl)
phenyl (p-TDPVBi), 1,3-bis(carbazol-9-yl)benzene
(mCP), 1,3,5-tris(carbazol-9-yl)benzene (tCP), 4,4’4"-
tris(carbazol-9-yl)triphenylamine (TcTa), 4,4’-bis(carba-
zol-9-yl)biphenyl (CBP), 4,4’-bis(9-carbazolyl)-2,2’-di-
methyl-biphenyl (CBDP), 4,4’-bis(carbazol-9-yl)-9,9-di-
methyl-fluorene (DMFL-CBP), 4,4’-bis(carbazol-9-yl)-
9,9-bis(9-phenyl-9H-carbazol)fluorene (FL-4CBP), 4,4’-
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bis(carbazol-9-yl)-9,9-di-tolyl-fluorene (DPFL-CBP), or
9,9-bis(9-phenyl-9H-carbazol)fluorine (FL-2CBP).
[0032] Examples of the dopant material of the organic
light-emitting layer may include DPAVBI (4,4’-bis[4-(di-
p-tolylamino)styryl]biphenyl), ADN (9,10-di(naphth-2-yl)
anthracene), or TBADN (3-tert-butyl-9,10-di(naphth-2-
yl)anthracene).

[0033] Theintermediate layer 112 may include at least
one protrusion 112c. The protrusion 112c may be formed
by various methods. For example, the protrusion 112¢
may be formed when the intermediate layer 112 is
formed.

[0034] Inparticular, the protrusion 112¢c may be formed
to correspond in position to the pixel defining film 119. A
plurality of the intermediate layers 112 may be formed to
correspond to a plurality of the first electrodes 110 and
the protrusion 112c may protrude from at least one edge
of each of the plurality of intermediate layers 112.
[0035] The second electrode 113 is formed on the in-
termediate layer 112. If the second electrode 113 func-
tions as a cathode, the second electrode 113 may be
formed of a metal such as Ag, Mg, Al, Pt, Pd, Au, Ni, Nd,
Ir, Cr, Li, or Ca. Also, the second electrode 113 may in-
clude ITO, 120, Zn0O, or In,04 to allow light to pass there-
through. The second electrode 113 may be a common
electrode to apply a common voltage to all subpixels.
[0036] The second electrode 113 may not completely
cover the intermediate layer 112. For example, the pro-
trusion 112c of the intermediate layer 112 may not be
covered by the second electrode 113 to be exposed. Due
to a thickness of the second electrode 113 or character-
istics of a process of forming the second electrode 113,
the intermediate layer 112, particularly, the protrusion
112c, may not be completely covered by the second elec-
trode 113. In other implementation, the protrusion 112c
may be completely covered by the second electrode 113.
[0037] The first inorganic encapsulating layer 121 is
formed on the second electrode 113. The first inorganic
encapsulating layer 121 includes a first groove 121g and
a first protrusion 121c. In detail, the first protrusion 121¢
may be disposed around the first groove 121g. Also, the
first protrusion 121c may be formed to correspond to the
protrusion 112c of the intermediate layer 112.

[0038] The firstinorganic encapsulating layer 121 may
not completely cover the intermediate layer 112. For ex-
ample, the protrusion 112c of the intermediate layer 112
may not be covered by the second electrode 113 to be
exposed, and the first inorganic encapsulating layer 121
may not cover the intermediate layer 112, particularly,
the protrusion 112c of the intermediate layer 112. For
example, the protrusion 121c of the firstinorganic encap-
sulating layer 121 corresponding to the protrusion 112¢c
of the intermediate layer 112 may not completely cover
the protrusion 112¢, and thus the protrusion 112c of the
intermediate layer 112 may be exposed.

[0039] In other implementations, the protrusion 112¢
of the intermediate layer 112 may be completely covered
by the first inorganic encapsulating layer 121.
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[0040] The first organic encapsulating layer 131 is dis-
posed on the first inorganic encapsulating layer 121. In
detail, the first organic encapsulating layer 131 may be
disposed in the first groove 121g of the first inorganic
encapsulating layer 121 so as not to extend beyond the
first groove 121g. Also, the first organic encapsulating
layer 131 may be spaced apart from the protrusion 112c
of the intermediate layer 112. Accordingly, the first or-
ganic encapsulating layer 131 may be prevented from
contacting the intermediate layer 112.

[0041] The first organic encapsulating layer 131 is
spaced apart from an uppermost portion of the first inor-
ganic protrusion 121c¢ of the first inorganic encapsulating
layer 121.

[0042] The second inorganic encapsulating layer 122
is formed on the first organic encapsulating layer 131.
The second inorganic encapsulating layer 122 covers
the first organic encapsulating layer 131 and the first in-
organic encapsulating layer 121. Also, the second inor-
ganic encapsulating layer 122 may be formed to cover
the intermediate layer 112. Accordingly, the second in-
organic encapsulating layer 122 may contact the protru-
sion 112c of the intermediate layer 112.

[0043] The second inorganic encapsulating layer 122
is formed to contact the firstinorganic encapsulating layer
121 at at least one portion of the inorganic encapsulating
layer 121. A portion of the first inorganic encapsulating
layer 121 where the first organic encapsulating layer 131
does not contact the first inorganic encapsulating layer
121 may contact the second inorganic encapsulating lay-
er 122. For example, the first inorganic encapsulating
layer 121 and the second inorganic encapsulating layer
122 may contact each other at a portion of the inorganic
encapsulating layer 121 corresponding to or overlapping
the pixel defining film 119. Accordingly, an adhesive force
between the first inorganic encapsulating layer 121 and
the second inorganic encapsulating layer 122 and an ad-
hesive force between the first and second inorganic en-
capsulating layers 121 and 122 and the first organic en-
capsulating layer 131 disposed between the firstand sec-
ond inorganic encapsulating layers 121 and 122 may be
improved.

[0044] The second inorganic encapsulating layer 122
includes a second inorganic protrusion 122¢ correspond-
ing to the first inorganic protrusion 121c¢ of the first inor-
ganic encapsulating layer 121. Each of the first inorganic
encapsulating layer 121 and the second inorganic en-
capsulating layer 122 may include any of various inor-
ganic materials such as silicon oxide or silicon nitride.
[0045] The first organic encapsulating layer 131 may
include any of various organic materials such as epoxy
or polyimide.

[0046] In the organic light-emitting display apparatus
100, the first inorganic encapsulating layer 121, the first
organic encapsulating layer 131, and the second inor-
ganic encapsulating layer 122 are stacked on the second
electrode 113. Accordingly, the intermediate layer 112,
the first electrode 110, and the second electrode 113 may
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be effectively protected.

[0047] In this case, when the protrusion 112c of the
intermediate layer 112 is formed, the first inorganic en-
capsulating layer 121 and the second electrode 113 dis-
posed on the intermediate layer 112 do not completely
cover the intermediate layer 112, and the protrusion 112¢
of the intermediate layer 112 is exposed. When the first
organic encapsulating layer 131 is formed, if the first or-
ganic encapsulating layer 131 were to contact the inter-
mediate layer 112, the intermediate layer 112 may be
contaminated with an impurity material or an organic ma-
terial in the first organic encapsulating layer 131.
[0048] However, in FIG. 1, the first organic encapsu-
lating layer 131 is disposed in the first groove 121g of
the first inorganic encapsulating layer 121 not to extend
beyond the first groove 121g. The first organic encapsu-
lating layer 131 and the intermediate layer 112 may be
prevented from contacting each other. Accordingly, the
intermediate layer 112 may be prevented from being con-
taminated with an impurity material or an organic material
in the first organic encapsulating layer 131.

[0049] The second inorganic encapsulating layer 122
may be formed on the first organic encapsulating layer
131 to completely isolate the intermediate layer 112 from
the outside.

[0050] As a result, the intermediate layer 112 may be
prevented from being contaminated due to the first or-
ganic encapsulating layer 131 and the first electrode 110.
Accordingly, the intermediate layer 112 and the second
electrode 113 may be effectively kept free from external
foreign substances, moisture, and gas. The durability of
the organic light-emitting display apparatus 100 may be
improved and the electrical characteristics of the organic
light-emitting display apparatus 100 may be effectively
maintained.

[0051] FIG. 2 is a cross-sectional view illustrating an
organic light-emitting display apparatus 200 according
to another embodiment.

[0052] Referring to FIG. 2, the organic light-emitting
display apparatus 200 includes a substrate 201, a first
electrode 210, an intermediate layer 212, a second elec-
trode 213, a first inorganic encapsulating layer 221, a
first organic encapsulating layer 231, a second inorganic
encapsulating layer 222, a second organic encapsulating
layer 232, and a third inorganic encapsulating layer 223.
[0053] Compared to the organic light-emitting display
apparatus 100 of FIG. 1, the organic light-emitting display
apparatus 200 of FIG. 2 further includes the second or-
ganic encapsulating layer 232 and the third inorganic en-
capsulating layer 223. The organic light-emitting display
apparatus 200 of FIG. 2 is similar in configuration to the
organic light-emitting display apparatus 100 of FIG. 1 ex-
cept for further including the second organic encapsulat-
ing layer 232 and the third inorganic encapsulating layer
223.

[0054] For convenience of explanation, the following
explanation will focus on a difference between the organ-
ic light-emitting display apparatus 200 of FIG. 2 and the
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organic light-emitting display apparatus 100 of FIG. 1.
[0055] The substrate 201, the first electrode 210, the
intermediate layer 212, a pixel defining film 219, the sec-
ond electrode 213, the first inorganic encapsulating layer
221, the first organic encapsulating layer 231, and the
second inorganic encapsulating layer 222 are similar to
those described with reference to FIG. 1 and thus a de-
tailed explanation thereof will not be repeated.

[0056] Referring to FIG. 2, the second inorganic en-
capsulating layer 222 includes a second groove 222g.
The second organic encapsulating layer 232 is formed
on the second inorganic encapsulating layer 222. In de-
tail, the second organic encapsulating layer 232 is dis-
posed in the second groove 222g of the second inorganic
encapsulating layer 222 so as not to extend beyond the
second groove 222g. The second organic encapsulating
layer 232 is spaced apart from an uppermost portion of
a second inorganic protrusion 222¢ of the second inor-
ganic encapsulating layer 222.

[0057] The third inorganic encapsulating layer 223
may be formed on the second organic encapsulating lay-
er 232. The third inorganic encapsulating layer 223 cov-
ers the second organic encapsulating layer 232 and the
second inorganic encapsulating layer 222.

[0058] The third inorganic encapsulating layer 223
may be formed to contact the second inorganic encap-
sulating layer 222 at at least one portion of the second
inorganic encapsulating layer 222. A portion of the sec-
ond inorganic encapsulating layer 222 where the second
organic encapsulating layer 232 does not contact the
second inorganic encapsulating layer 222 may contact
the third inorganic encapsulating layer 223. In detail, the
third inorganic encapsulating layer 223 and the second
inorganic encapsulating layer 222 may contact each oth-
er at a portion corresponding to or overlapping the pixel
defining film 219. Accordingly, an adhesive force be-
tween the second inorganic encapsulating layer 222 and
the third inorganic encapsulating layer 223 and an adhe-
sive force between the second and third inorganic en-
capsulating layers 222 and 223 and the second organic
encapsulating layer 232 disposed between the second
and third inorganic encapsulating layers 222 and 223
may be improved.

[0059] In the organic light-emitting display apparatus
200 of FIG. 2, the first inorganic encapsulating layer 221,
the first organic encapsulating layer 231, the second in-
organic encapsulating layer 222, the second organic en-
capsulating layer 232, and the third inorganic encapsu-
lating layer 223 are sequentially stacked. Accordingly,
the intermediate layer 112, the first electrode 110, and
the second electrode 113 may be effectively protected.
[0060] Whenthe secondinorganic encapsulating layer
222 is formed, the second inorganic encapsulating layer
222 may not completely cover the intermediate layer 212
according to design conditions. In particular, the second
inorganic encapsulating layer 222 may not completely
cover the protrusion 212¢ of the intermediate layer 212.
In this case, the second organic encapsulating layer 232
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and the intermediate layer 212 may be prevented from
contacting each other by disposing the second organic
encapsulating layer 232 in the second groove 222g of
the second inorganic encapsulating layer 222 so as not
to extend beyond the second groove 222g. Accordingly,
the intermediate layer 212 may be prevented from being
contaminated with an impurity material or an organic ma-
terial in the second organic encapsulating layer 232.
[0061] As a result, the intermediate layer 212 is pre-
vented from being contaminated due to the first organic
encapsulating layer 231 and the second organic encap-
sulating layer 232 and the first electrode 210. According-
ly, the intermediate layer 212, and the second electrode
213 may be effectively kept free from an external foreign
substance, moisture, and gas. The durability of the or-
ganic light-emitting display apparatus 200 may be im-
proved and the electrical characteristics of the organic
light-emitting display apparatus 200 may be effectively
maintained.

[0062] FIG. 3 is a cross-sectional view illustrating an
organic light-emitting display apparatus 300 according
to another embodiment.

[0063] Referring to FIG. 3, the organic light-emitting
display apparatus 300 includes a substrate 301, a first
electrode 310, an intermediate layer 312, a second elec-
trode 313, a first inorganic encapsulating layer 321, a
first organic encapsulating layer 331, a second inorganic
encapsulating layer 322, a second organic encapsulating
layer 332, a third inorganic encapsulating layer 323, a
third organic encapsulating layer 333, and a fourth inor-
ganic encapsulating layer 324.

[0064] Compared to the organic light-emitting display
apparatus 200 of FIG. 2, the organic light-emitting display
apparatus 300 of FIG. 3 further includes the third organic
encapsulating layer 333 and the fourth inorganic encap-
sulating layer 324. That is, the organic light-emitting dis-
play apparatus 300 of FIG. 3 is similar in configuration
to the organic light-emitting display apparatus 200 of FIG.
2 except for further including the third organic encapsu-
lating layer 333 and the fourth inorganic encapsulating
layer 324.

[0065] For convenience of explanation, the following
explanation will focus on a difference between the organ-
ic light-emitting display apparatus 300 of FIG. 3 and the
organic light-emitting display apparatus 100 and 200 of
FIGS. 1 and 2.

[0066] The substrate 301, the first electrode 310, the
intermediate layer 312, a pixel defining film 319, the sec-
ond electrode 313, the firstinorganic encapsulating layer
321, the first organic encapsulating layer 331, the second
inorganic encapsulating layer 322, the second organic
encapsulating layer 332, and the third inorganic encap-
sulating layer 323 are similar in configuration to those
described with reference to FIGS. 1 and 2, and thus a
detailed explanation thereof will not be repeated.
[0067] Referring to FIG. 3, the third organic encapsu-
lating layer 333 may be formed on the third inorganic
encapsulating layer 323. The third organic encapsulating
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layer 333 having a flat top surface may be formed to
planarize members disposed under the third organic en-
capsulating layer 333. To this end, the third organic en-
capsulating layer 333 may be formed to have an appro-
priate thickness. A thickness of the third organic encap-
sulating layer 333 may be greater than a thickness of the
first organic encapsulating layer 331 and a thickness of
the second organic encapsulating layer 332.

[0068] The fourth inorganic encapsulating layer 324
may be formed on the third organic encapsulating layer
333. The fourth inorganic encapsulating layer 324 covers
the third organic encapsulating layer 333. Also, the fourth
inorganic encapsulating layer 324 has a flat top surface.
[0069] In the organic light-emitting display apparatus
300 of FIG. 3, the firstinorganic encapsulating layer 321,
the first organic encapsulating layer 331, the second in-
organic encapsulating layer 322, the second organic en-
capsulating layer 332, the third inorganic encapsulating
layer 323, the third organic encapsulating layer 333, and
the fourth inorganic encapsulating layer 324 are sequen-
tially stacked. Accordingly, the intermediate layer 312,
the first electrode 310, and the second electrode 313 may
be effectively protected.

[0070] Top surfaces of the third organic encapsulating
layer 333 and the fourth inorganic encapsulating layer
324 are flat so that the organic light-emitting display ap-
paratus 300 is easily coupled to an additional member
such as a case member (not shown). Accordingly, the
durability and convenience of the organic light-emitting
display apparatus 300 may be improved. Also, visible
light emitted from the intermediate layer 312 finally pass-
es through the flat top surfaces to have uniform charac-
teristics. Accordingly, image quality may be improved.
[0071] Also, the intermediate layer 312 may be pre-
vented from being contaminated due to the first organic
encapsulating layer 331, the second organic encapsu-
lating layer 332, and the third organic encapsulating layer
333 and the first electrode 310. Accordingly, the interme-
diate layer 312, and the second electrode 313 are effec-
tively kept free from an external foreign substance, mois-
ture, and gas. The durability of the organic light-emitting
display apparatus 300 may be improved and the electri-
cal characteristics of the organic light-emitting display
apparatus 300 may be effectively maintained.

[0072] Although three organic encapsulating layers,
thatis, the first through third organic encapsulating layers
331, 332, and 333, and four inorganic encapsulating lay-
ers, that is, the first through fourth inorganic encapsulat-
ing layers 321, 322, 323, and 324, are illustrated in FIG.
3, the present embodiment is not limited thereto. That is,
four or more organic encapsulating layers and five or
more inorganic encapsulating layers may be formed. In
this case, a top surface of an uppermost organic encap-
sulating layer may be flat, and a top surface of an upper-
most inorganic encapsulating layer may be flat.

[0073] FIG. 4 is a cross-sectional view illustrating an
organic light-emitting display apparatus 400 according
to another embodiment.
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[0074] Referring to FIG. 4, the organic light-emitting
display apparatus 400 includes a substrate 401, a thin
film transistor (TFT), afirstelectrode 410, anintermediate
layer 412, a second electrode 413, a first inorganic en-
capsulating layer 421, a first organic encapsulating layer
431, a second inorganic encapsulating layer 422, a sec-
ond organic encapsulating layer 432, a third inorganic
encapsulating layer 423, a third organic encapsulating
layer433, and afourth inorganic encapsulating layer 424.
The TFT may include an active layer 403, a gate elec-
trode 405, a source electrode 407, and a drain electrode
408. It is to be understood that the TFT may vary from
what is disclosed herein.

[0075] For convenience of explanation, the following
explanation will focus on a difference between the organ-
ic light-emitting display apparatus 400 of FIG. 4 and the
organic light-emitting display apparatus 100, 200, and
300 of FIGS. 1 through 3.

[0076] A buffer layer 402 may be formed on the sub-
strate 401. The active layer 403 having a predetermined
pattern may be formed on the buffer layer 402. The active
layer 403 may be formed of an organic semiconductor
or an inorganic semiconductor such as amorphous sili-
con or polysilicon, and may include a source region, a
drain region, and a channel region.

[0077] A gateinsulating film 404 may be formed on the
active layer 403. The gate electrode 405 may be formed
on the gate insulating film 404. The gate insulating film
404 for insulating the active layer 403 from the gate elec-
trode 405 may be formed of an organic material or an
inorganic material such as SiN, or SiO,.

[0078] The gate electrode 405 may include Au, Ag, Cu,
Ni, Pt, Pd, Al, or Mo, or may include an alloy such as
Al:Nd or Mo:W. Other suitable materials may be used.
The gate electrode 405 may be formed of any of various
materials by considering adhesion, flatness, electrical re-
sistance, and processability with respect to an adjacent
layer.

[0079] Aninterlayer insulating film 406 may be formed
on the gate electrode 405. The interlayer insulating film
406 and the gate insulating film 404 are formed to expose
the source region and the drain region of the active layer
403, and the source electrode 407 and the drain electrode
408 are formed to contact the exposed source region and
drain region of the active layer 403.

[0080] Each of the source electrode 407 and the drain
electrode 408 may be formed of any of various conductive
materials, and may have a single-layer structure or a mul-
ti-layer structure.

[0081] A passivation layer 409 may be formed on the
source electrode 407 and the drain electrode 408. The
passivation layer 409 may be formed to expose a portion
of the drain electrode 408 without entirely covering the
drain electrode 408, and the first electrode 410 is formed
to be connected to the exposed portion of the drain elec-
trode 408.

[0082] A pixel defining film 419, the intermediate layer
412, and the second electrode 413 are formed on the
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first electrode 410. Also, the first inorganic encapsulating
layer 421, the first organic encapsulating layer 431, the
second inorganic encapsulating layer 422, the second
organic encapsulating layer 432, the third inorganic en-
capsulating layer 423, the third organic encapsulating
layer 433, and the fourth inorganic encapsulating layer
424 are formed, in particular on the first electrode 410,
e.g. directly on the second electrode 413.

[0083] The first inorganic encapsulating layer 421, the
first organic encapsulating layer 431, the second inor-
ganic encapsulating layer 422, the second organic en-
capsulating layer 432, the third inorganic encapsulating
layer 423, the third organic encapsulating layer 433, and
the fourthinorganic encapsulating layer 424 are the same
as those described with reference to FIGS. 1 through 3,
and thus a detailed explanation thereof will not be repeat-
ed.

[0084] In the organic light-emitting display apparatus
400 of FIG. 4, the firstinorganic encapsulating layer 421,
the first organic encapsulating layer 431, the second in-
organic encapsulating layer 422, the second organic en-
capsulating layer 432, the third inorganic encapsulating
layer 423, the third organic encapsulating layer 433, and
the fourth inorganic encapsulating layer 424 are sequen-
tially stacked. Accordingly, the intermediate layer 412,
the first electrode 410, and the second electrode 413 may
be effectively protected.

[0085] Top surfaces of the third organic encapsulating
layer 433 and the fourth inorganic encapsulating layer
424 are flat so that the organic light-emitting display ap-
paratus 400 may be easily coupled to an additional mem-
ber such as a case member (not shown). Accordingly,
industrial applicability may be improved. Also, visible light
emitted from the intermediate layer 412 finally passes
through the flat top surfaces to have uniform character-
istics. Accordingly, image quality may be improved. Also,
since the intermediate layer 412 is prevented from being
contaminated due to the first organic encapsulating layer
431, the second organic encapsulating layer 432, and
the third organic encapsulating layer 433 and the first
electrode 410, the intermediate layer 412, and the sec-
ond electrode 413 are effectively kept free from an ex-
ternalforeign substance, moisture, and gas, the durability
of the organic light-emitting display apparatus 400 may
be improved and the electrical characteristics of the or-
ganic light-emitting display apparatus 400 may be effec-
tively maintained. FIGS. 5A through 5E are cross-sec-
tional views illustrating stages of a method of manufac-
turing an organic light-emitting display apparatus, ac-
cording to an embodiment. In detail, FIGS. 5A through
5E are cross-sectional views for explaining a method of
manufacturing the organic light-emitting display appara-
tus 400 of FIG. 4.

[0086] The method will be explained in detail sequen-
tially with reference to FIGS. 5A through 5E. Referring
to FIG. 5A, the buffer layer 402 may be formed on the
substrate 401, the active layer 403 may be formed on
the buffer layer 402, the gate insulating film 404 may be
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formed on the active layer 403, the gate electrode 405
may be formed on a predetermined portion of the gate
insulating film 404, the interlayer insulating film 406 may
be formed on the gate electrode 405, and the source
electrode 407 and the drain electrode 408 may be formed
ontheinterlayerinsulating film 406. The passivation layer
409 may be formed on the source electrode 407 and the
drain electrode 408, the first electrode 410 may be formed
on the passivation layer 409 to be connected to the drain
electrode 408, and the pixel defining film 419 may be
formed on the first electrode 410. In this case, at least
one portion of a top surface of the first electrode 410 is
not covered by the pixel defining film 419 and remains
exposed.

[0087] Referring to FIG. 5B, the intermediate layer 412
is formed. In this case, the intermediate layer 412 is
formed to contact the first electrode 410. Also, the inter-
mediate layer 412 may be formed to correspond to the
pixel defining film 419.

[0088] The intermediate layer 412 may not be smooth
and may include a protrusion 412c. As shown in FIG. 5B,
a plurality of the intermediate layers 412 are formed to
correspond to a plurality of the first electrodes 410, and
the plurality of first electrodes 410 correspond to subpix-
els. The plurality of intermediate layers 412 may be pro-
vided to respectively correspond to the plurality of sub-
pixels. In this case, at least one protrusion 412¢ may
protrude from an edge of each of the plurality of interme-
diate layer 412.

[0089] In particular, if the intermediate layer 412 is
formed by using an imaging process such as laser in-
duced thermalimaging (LITI), the protrusion 412cis likely
to be formed. The intermediate layer 412 may also be
formed using any of various methods besides imaging.
[0090] Referring to FIG. 5C, the second electrode 413
may be formed on the intermediate layer 412. The second
electrode 413 does not completely cover the intermediate
layer 412 such that the protrusion 412c of the intermedi-
ate layer 412 is exposed. A thickness of the protrusion
412c may be greater than a thickness of the second elec-
trode 413. Accordingly, the protrusion 412c may not be
completely covered by the second electrode 413.
[0091] The firstinorganic encapsulating layer 421 may
be formed on the second electrode 413. The first inor-
ganic encapsulating layer 421 includes a first groove
421g and a first protrusion 421c. In detail, the first pro-
trusion 421c is disposed around the first groove 421g.
Also, the first protrusion 421c may be formed to corre-
spond to the protrusion 412¢ of the intermediate layer
412.

[0092] The firstinorganic encapsulating layer 421 may
not completely cover the intermediate layer 412. For ex-
ample, the protrusion 412c of the intermediate layer 412
which is not covered by the second electrode 413 to be
exposed may not be covered by the first inorganic en-
capsulating layer 421 to be exposed. For example, the
protrusion 421c¢ of the first inorganic encapsulating layer
421 corresponding to the protrusion 412c of the interme-
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diate layer 412 may not completely cover the protrusion
412c, and thus the protrusion 412c of the intermediate
layer 412 may be exposed. Referring to FIG. 5D, the first
organic encapsulating layer 431, and the second inor-
ganic encapsulating layer 422, the second organic en-
capsulating layer 432, the third inorganic encapsulating
layer 423 are formed on the first inorganic encapsulating
layer 421.

[0093] The first organic encapsulating layer 431 is dis-
posed on the first inorganic encapsulating layer 421. In
detail, the first organic encapsulating layer 431 is dis-
posed in the first groove 421g of the first inorganic en-
capsulating layer 421 so as not to extend beyond the first
groove 421g. Also, the first organic encapsulating layer
431 is spaced apart from the protrusion 412c of the in-
termediate layer 412. Accordingly, the first organic en-
capsulating layer 431 and the intermediate layer 412 may
be prevented from contacting each other.

[0094] The first organic encapsulating layer 431 is
spaced apart from an uppermost portion of the first inor-
ganic protrusion 421c of the first inorganic encapsulating
layer 421.

[0095] The second inorganic encapsulating layer 422
may be formed on the first organic encapsulating layer
431. The second inorganic encapsulating layer 422 cov-
ers the first organic encapsulating layer 431 and the first
inorganic encapsulating layer 421. Also, the second in-
organic encapsulating layer 422 may be formed to cover
the intermediate layer 412. Accordingly, the second in-
organic encapsulating layer 422 may contact the protru-
sion 412c of the intermediate layer 412.

[0096] The second inorganic encapsulating layer 422
may be formed to contact the first inorganic encapsulat-
ing layer 421 at at least one portion of the first inorganic
encapsulating layer 421. That is, a portion of the first
inorganic encapsulating layer 421 where the first organic
encapsulating layer 431 does not contact the first inor-
ganic encapsulating layer 421 contacts the second inor-
ganic encapsulating layer 422.

[0097] Also, the second inorganic encapsulating layer
422 includes a second inorganic protrusion 422c corre-
sponding to the first inorganic protrusion 421c of the first
inorganic encapsulating layer 421. The second inorganic
encapsulating layer 422 includes a second groove 422g.
[0098] The second organic encapsulating layer 432
may be formed on the second inorganic encapsulating
layer 422. The second organic encapsulating layer 432
is disposed in the second groove 422g of the second
inorganic encapsulating layer 422 not to extend beyond
the second groove 422g. The second organic encapsu-
lating layer 432 is spaced apart from an uppermost por-
tion of the second inorganic protrusion 422c of the second
inorganic encapsulating layer 422.

[0099] The third inorganic encapsulating layer 423
may be formed on the second organic encapsulating lay-
er 432. The third inorganic encapsulating layer 423 cov-
ers the second organic encapsulating layer 432 and the
second inorganic encapsulating layer 422.
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[0100] The third inorganic encapsulating layer 423
may be formed to contact the second inorganic encap-
sulating layer 422 at at least one portion of the second
inorganic encapsulating layer 422. That is, a portion of
the second inorganic encapsulating layer 422 where the
second organic encapsulating layer 432 does not contact
the second inorganic encapsulating layer 422 contacts
the third inorganic encapsulating layer 423.

[0101] Referring to FIG. 5E, the third organic encap-
sulating layer 433, and the fourth inorganic encapsulating
layer 424 are formed.

[0102] The third organic encapsulating layer 433 may
be formed on the third inorganic encapsulating layer 423.
The third organic encapsulating layer 433 having a flat
top surface may be formed to planarize members dis-
posed under the third organic encapsulating layer 433.
To this end, the third organic encapsulating layer 433
may be formed to have a thickness greater than a thick-
ness of each of the first organic encapsulating layer 431
and the second organic encapsulating layer 432.
[0103] The fourth inorganic encapsulating layer 424
may be formed on the third organic encapsulating layer
433. The fourth inorganic encapsulating layer 424 covers
the third organic encapsulating layer 433. Also, the fourth
inorganic encapsulating layer 424 has a flat top surface.
[0104] By way of summation and review, a typical or-
ganic light-emitting display apparatus includes an inter-
mediate layer, a first electrode, and a second electrode.
The intermediate layer includes an organic light-emitting
layer, and the organic light-emitting layer generates vis-
ible light by applying a voltage to the first electrode and
the second electrode. The intermediate layer which in-
cludes an organic material may be easily contaminated
with an external foreign substance, moisture, or gas.
Once the intermediate layer is contaminated, the dura-
bility and electrical characteristics of the organic light-
emitting display apparatus may be drastically degraded.
[0105] According to embodiments, an organic
light-emitting display apparatus and a method of manu-
facturing the same may easily provide improved durabil-
ity and electrical characteristics.

Claims

1. An organic light-emitting display apparatus (100)
comprising:

a substrate (101);

a first electrode (110) on the substrate (101);
anintermediate layer (112) on the first electrode
(110), the intermediate layer (112) including an
organic light-emitting layer;

a second electrode (113) on the intermediate
layer (112);

afirstinorganic encapsulating layer (121) onthe
second electrode (113), the first inorganic en-
capsulating layer (121) defining a first groove
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(121g);

a first organic encapsulating layer (131) in the
first groove (121g) defined by the first inorganic
encapsulating layer (121), the first organic en-
capsulating layer (131) not extending beyond
the first groove (121g); and

a second inorganic encapsulating layer (122) on
the first organic encapsulating layer (131).

2. The organic light-emitting display (100) apparatus of
claim 1, wherein the intermediate layer (112) in-
cludes an intermediate layer protrusion (112c).

3. The organic light-emitting display apparatus (100) of
claim 2, wherein:

the second electrode (113) is spaced apart from
the intermediate layer protrusion (112c) so as
not to cover the intermediate layer protrusion
(112c), and

the first inorganic encapsulating layer (121) is
spaced apart from the intermediate layer protru-
sion (112c)so as not to cover the intermediate
layer protrusion (112c).

4. The organic light-emitting display apparatus (400) of
claim 2 or 3, wherein:

the organic light-emitting display apparatus
(400) includes a plurality of subpixels,

a plurality of the intermediate layers (112, 212,
312, 412) are provided to correspond to the plu-
rality of subpixels, and

the intermediate layer protrusion(112c, 212c,
412c) is on at least one edge of each of the plu-
rality ofintermediate layers (112,212,312, 412).

5. The organic light-emitting display apparatus of any
of claims 2 to 4, wherein:

the first inorganic encapsulating layer (121) in-
cludes a first inorganic protrusion (121c) that
corresponds to the intermediate layer protrusion
(112c), and

the first inorganic protrusion (121c) is disposed
around the first groove (121g).

6. The organic light-emitting display apparatus (100) of
claim 5, wherein the first organic encapsulating layer
(131) is spaced apart from an uppermost portion of
the first inorganic protrusion (121c) or from the inter-
mediate layer protrusion (112c).

7. The organic light-emitting display apparatus (200) of
any of claims 2 to 6, wherein at least one portion of
the intermediate layer protrusion (212c) contacts the
second inorganic encapsulating layer (232).
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The organic light-emitting display apparatus (100) of
any of claims 2 to 7, further comprising a pixel de-
fining film disposed on the first electrode (110) so as
not to cover a portion of a top surface of the first
electrode (110),

wherein the intermediate layer protrusion (112c) is
disposed to correspond to the pixel defining film
(119).

The organic light-emitting display apparatus (100) of
any of claims 1 to 8, wherein the first inorganic en-
capsulating layer (121) and the second inorganic en-
capsulating layer (122) contact each other at at least
one portion of the first inorganic encapsulating layer
(121).

The organic light-emitting display apparatus (200) of
any of claims 1 to 9, wherein:

the second inorganic encapsulating layer (222)
defines a second groove (222g), and

the organic light-emitting display apparatus
(200) further comprises:

a second organic encapsulating layer (232)
disposed in the second groove (222g) of the
second inorganic encapsulating layer (222)
so as not to extend beyond the second
groove (222g); and

a third inorganic encapsulating layer (223)
on the second organic encapsulating layer
(232).

The organic light-emitting display apparatus of claim
10, wherein the second inorganic encapsulating lay-
er (222) comprises a second inorganic protrusion
(222c) disposed around the second groove (222g).

The organic light-emitting display apparatus (300) of
claim 10 or 11, further comprising at least one addi-
tional organic encapsulating layer (333) and at least
one additional inorganic encapsulating layer (324)
on the third inorganic encapsulating layer (323).

The organic light-emitting display apparatus (300) of
claim 12, wherein a top surface of an uppermost or-
ganic encapsulating layer (333) from among the at
least one additional organic encapsulating layer
(333) formed on the third inorganic encapsulating
layer (323) is flat.

The organic light-emitting display apparatus (300) of
claim12 or 13, wherein a top surface of an uppermost
inorganic encapsulating layer (321) from among the
at least one additional inorganic encapsulating layer
(321) formed on the third inorganic encapsulating
layer (323) is flat.
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10

15. A method of manufacturing an organic light-emitting

display apparatus (100), the method comprising:

forming a first electrode (110) on a substrate
(107);

forming on the first electrode (110) an interme-
diate layer (112), the intermediate layer (112)
including an organic light-emitting layer on the
first electrode (110);

forming a second electrode (113) on the inter-
mediate layer (112);

forming a first inorganic encapsulating layer
(121) on the second electrode (113), the first
inorganic encapsulating layer (121) defining a
first groove (121 g);

forming a first organic encapsulating layer (113)
in the first groove (121g) defined by the first in-
organic encapsulating layer (121) such that the
first organic encapsulating layer (131) does not
extend beyond the first groove (121g); and
forming a second inorganic encapsulating layer
(122) on the first organic encapsulating layer
(131).
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