US 20190288232A1

12 Patent Application Publication o) Pub. No.: US 2019/0288232 A1

a9y United States

CHOI et al. (43) Pub, Date: Sep. 19, 2019
(54) DISPLAY APPARATUS HAVING A LARGER HOIL 51/50 (2006.01)
DISPLAY REGION AND MOISTURE HOIL 27/12 (2006.01)
IMPERMEABILITY (52) US.CL

(71)  Applicant: SAMSUNG DISPLAY CO., LTD.,
Yongin-Si (KR)

(72) Inventors: JONGHYUN CHOI, Yongin-Si (KR);
HYUNSUN PARK, Yongin-Si (KR)

(21) Appl. No.: 16/421,946
(22) Filed: May 24, 2019
Related U.S. Application Data

(63) Continuation of application No. 15/654.265, filed on
Jul. 19, 2017, now Pat. No. 10,319,938.

(30) Foreign Application Priority Data

Jul. 19,2016 (KR) cocvececccccn 10-2016-0091436

Publication Classification

(51) Int. CL
HOIL 51/52
HOIL 27/32

(2006.01)
(2006.01)

CPC ... HOIL 51/5237 (2013.01); HOIL 51/5253
(2013.01); HOIL 27/3274 (2013.01); HOIL
51/5056 (2013.01); HOIL 2227/323 (2013.01);
HOIL 27/3248 (2013.01); HOIL 27/3246

(2013.01Y; HOIL 27/3258 (2013.01); HOIL

27/124 (2013.01)

(7) ABSTRACT

A display apparatus includes a substrate having a first region
and a second region surrounding the first region. An insu-
lating part is disposed above the substrate, covering the first
region and the second region, and comprising a first opening
portion in the second region. A dam part is disposed above
the insulating pan in the second region and surrounds a
periphery of the first opening portion. A first organic insu-
lating layer is disposed above the insulating part and covers
an inner surface of the first opening portion. An organic
light-emitting device is disposed above the insulating part in
the first region and comprises a pixel electrode. An encap-
sulation layer is disposed above the insulating part in both
the first region and the second region. The encapsulation
layer covers the organic light-emitting device.
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FIG. 5
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FIG. 7




Patent Application Publication

8

F1G.

200
210 220 230

%

| e mam o

142

122

A3

Sep. 19,2019 Sheet 8 of 16

US 2019/0288232 A1

- 1A

25 -



Patent Application Publication  Sep. 19,2019 Sheet 9 of 16 US 2019/0288232 Al

FIG. 9

T
3
Lok
L]
<




Patent Application Publication  Sep. 19,2019 Sheet 10 of 16

10

FiG.

200
210 220 230

.

4

\

\
i

S

/

/
162 122 142

{

A4

US 2019/0288232 A1

- 1A

2B ~-



Patent Application Publication  Sep. 19,2019 Sheet 11 of 16  US 2019/0288232 A1l

FIG. 11

&
&
5
3
%
3
S
8
%
5
9
%
&
2
\
e
e
3
&

PO A SR IS5

R I PO A PR A A I AT

N L NI LIy,

SO S



Patent Application Publication  Sep. 19,2019 Sheet 12 of 16  US 2019/0288232 Al

o us
o En
PR P
i el o SO0 O
Ca{d v o AN 1 o L
* {
- !

i3

200
210 220 230

= 1A

Y
i

£

12

FIG.

172 174 155a

37

176 155b
{ ¢
‘s\ } ‘ ‘ o

5




Patent Application Publication  Sep. 19,2019 Sheet 13 of 16  US 2019/0288232 A1l

FIG. 13

1588
172
H—~155h
S+—155¢
- - 300
i
AB




Patent Application Publication  Sep. 19,2019 Sheet 14 of 16  US 2019/0288232 Al

}Si}i}

330
310

4320

% k2]
* o N
; o T
: /ﬁm
: el
» Mﬁ-w
-
L
—~—
fee
N
AN
.
e
* =
< .
B
5%
fa&'&% 3 .
N, A By ‘
N g % N
o g E N od
P IS e
LTNE T
3 DUFTRA S
X,
U S
- N
4
— A
5 |
- (N
: N
© E
R
0 PRRe)
2 23 \\
mw"ha
ko . \ .\

I
£




Patent Application Publication  Sep. 19,2019 Sheet 150f 16  US 2019/0288232 Al
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DISPLAY APPARATUS HAVING A LARGER
DISPLAY REGION AND MOISTURE
IMPERMEABILITY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a Continuation of co-pending
U.S. Patent Application Serial No. 15/654,265, filed on Jul.
19, 2017 which claims priority to Korean Patent Application
No. 10-2016-0091436, filed on Jul. 19, 2016, in the Korean
Intellectual Property Office, the disclosures of which are
incorporated by reference herein in their entirety.

TECHNICAL FIELD

[0002] Exemplary embodiments of the present invention
relate to a display apparatus, and more particularly, to a
display apparatus having a large display region that is
impermeable to external moisture.

DISCUSSION OF THE RELATED ART

[0003] An organic light-emitting diode (OLED) display
apparatus has a wide viewing angle, a high contrast, and a
fast response time. Thus, the OLED display apparatus has
attracted attention as a next-generation display apparatus.
[0004] Generally, the OLED display apparatus includes
thin film transistors and organic light-emitting devices dis-
posed above a substrate. The organic light-emitting devices
are capable of emitting light by themselves and so no
backlight is needed. The OLED display apparatus may be
used as a display panel for a small product such as a mobile
phone, or may be used as a display panel for a large product
such as a television.

[0005] The OLED display apparatus may include a plu-
rality of organic light-emitting devices as a sub-pixels. Each
organic light-emitting device includes an intermediate layer
with an emission layer disposed between a pixel electrode
and an opposite electrode. Since the organic light-emitting
device is vulnerable to external moisture, which may per-
meate therein, an encapsulation layer is disposed above the
substrate to cover the organic light-emitting device.

SUMMARY

[0006] A display apparatus includes a substrate having a
first region and a second region surrounding the first region.
An insulating part is disposed above the substrate, covering
the first region and the second region, and comprising a first
opening portion in the second region. A dam part is disposed
above the insulating part in the second region and surrounds
a periphery of the first opening portion. A first organic
insulating layer is disposed above the insulating part and
covers an inner surface of the first opening portion. An
organic light-emitting device is disposed above the insulat-
ing part in the first region and comprises a pixel electrode.
An encapsulation layer is disposed above the insulating part
in both the first region and the second region. The encap-
sulation layer covers the organic light-emitting device.
[0007] A display apparatus includes a substrate and an
insulating layer disposed on the substrate. The insulating
layer has a first opening and a second opening. A thin film
transistor (TFT) is disposed within the first opening. An
organic film is disposed over the TFT and disposed within
the second opening.

Sep. 19,2019

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the embodiments, taken in conjunction with the accom-
panying drawings in which:

[0009] FIG. 1 is a schematic plan view of a display
apparatus according to an exemplary embodiment of the
present invention;

[0010] FIG. 2 is a schematic cross-sectional view taken
along line A1-A1' of FIG. 1;

[0011] FIG. 3 is a schematic cross-sectional view of a
display apparatus according to an exemplary embodiment of
the present invention;

[0012] FIG. 4 is a schematic cross-sectional view of a
display apparatus according to an exemplary embodiment of
the present invention;

[0013] FIG. 5 is a schematic plan view of a display
apparatus according to an exemplary embodiment of the
present invention;

[0014] FIG. 6 is a schematic cross-sectional view taken
along line A2-A2' of FIG. 5;

[0015] FIG. 7 is a schematic plan view of a display
apparatus according to an exemplary embodiment of the
present invention;

[0016] FIG. 8 is a schematic cross-sectional view taken
along line A3-A3' of FIG. 7,

[0017] FIG. 9 is a schematic plan view of a display
apparatus according to an exemplary embodiment of the
present invention;

[0018] FIG. 10 is a schematic cross-sectional view taken
along line A4-A4' of FIG. 9;

[0019] FIG. 11 is a schematic plan view of a display
apparatus according to an exemplary embodiment of the
present invention;

[0020] FIG. 12 is a schematic cross-sectional view taken
along line A5-AS' of FIG. 11,

[0021] FIG. 13 is a schematic plan, view of a display
apparatus according to an exemplary embodiment of the
present invention;

[0022] FIG. 14 is a schematic cross-sectional view taken
along tine A6-A6' of FIG. 13;

[0023] FIG. 15 is a schematic plan view of a display
apparatus according to an exemplary embodiment of the
present invention; and

[0024] FIG. 16 is a schematic cross-sectional view taken
along line B-B' of FIG. 15.

DETAILED DESCRIPTION

[0025] Reference will now be made in detail to exemplary
embodiments of the present invention illustrated in the
accompanying drawings, wherein like reference numerals
may refer to like elements throughout the specification. In
this regard, the embodiments may have different forms and
may be modified from the descriptions set forth herein.
[0026] Various alterations and modifications may be made
to the exemplary embodiments set forth herein, some of
which will be illustrated in detail in the drawings and
detailed description. The effects and features, and methods
of achieving the effects and features will become apparent
from the exemplary embodiments described below in detail
with reference to the accompanying drawings. However, the
inventive concept is not limited to the following embodi-
ments and may be realized in various forms.
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[0027] Ttwill be understood that although the terms “first”,
“second”, etc. may be used herein to describe various
components, these components should not be limited by
these terms. These components are only used to distinguish
one component from another.

[0028] Sizes of elements in the drawings may be exag-
gerated for convenience of explanation.

[0029] [text missing or illegible when filed]

[0030] FIG. 1 is a schematic plan view of a display
apparatus according to an exemplary embodiment of the
present invention, and FIG. 2 is a schematic cross-sectional
view taken along line A1-Al' of FIG. 1.

[0031] Referring to FIGS. 1 and 2, the display apparatus
according to an exemplary embodiment of the present
invention includes a substrate 100; an insulating part 155
disposed above the substrate 100 and having a first opening
portion 155a; a dam part 172 disposed above the insulating
part 155 and surrounding the periphery of the first opening
portion 155a; a first organic insulating layer 174 covering an
inner surface of the first opening portion 1554, an organic
light-emitting device 200 disposed above the insulating part
155; and an encapsulation layer 300 covering the organic
light-emitting device 200.

[0032] The substrate 100 may include various materials,
such as glass, a metal material, and/or a plastic material
(e.g., polyethylene terephthalate (PET), polyethylene naph-
thalate (PEN), polyimide, etc.). When the substrate 100
includes a thin glass material or a thin metal material
includes a plastic material, the substrate 100 may be flexible.
The substrate 100 may have a rectangular shape as illus-
trated in FIG. 1, and the substrate 100 may have various
shapes, such a circular shape or an oval shape, according to
a shape of a display.

[0033] The substrate 100 may have a first region 1A, and
a second region 2A surrounding the periphery of the first
region 1A. The first region 1A may be a display region
where the organic light-emitting devices 200 are arranged.
The second region 2A is a peripheral region of the first
region 1A. in the light-emitting devices may be absent from
the second region 2A The second region 2A may include
wirings and/or circuits. Furthermore, only the substrate 100
or an insulating film above the substrate 100 might be
disposed within the second region 2A. Referring to FIG. 1,
the first region 1A is illustrated as being disposed in the
central portion of the substrate 100 and the second region 2A
is illustrated as including edges of the substrate 100 while
surrounding the periphery of the first region 1A. However,
exemplary embodiments of the present invention are not
limited to this particular arrangement.

[0034] Referring to FIG. 2, the insulating part 155 may be
disposed above the substrate 100, and the insulating part 155
may be disposed over the entire surface of the substrate 100,
over both the first region 1A and the second region 2A of the
substrate 100. As illustrated in FIG. 2, the insulating part 155
may include a plurality of insulating films. For example, the
insulating part 155 may include a buffer layer 110, a first
insulating layer 130, and a second insulating layer 150. The
first insulating layer 130 may be a gate insulating film that
insulates a semiconductor layer 120 and a gate electrode 140
of a thin film transistor TFT in the first region 1A, and the
second insulating layer 150 may be an interlayer insulating
film that insulates the gate electrode 140 and a source
electrode 160a of the thin film transistor TFT or insulates the
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gate electrode 140 and a drain electrode 1604 of the thin film
transistor TFT in the first region 1A.

[0035] First, the first region 1A of the substrate 100 will be
described below.

[0036] To planarize the surface of the substrate 100 or to
prevent impurities from permeating the semiconductor layer
120 of the thin film transistor TFT, the buffer layer 110
including silicon oxide, silicon nitride, and/or silicon oxyni-
tride may be disposed above the substrate 100 and the
semiconductor layer 120 may be disposed above the buffer
layer 110. The buffer layer 110 may have a single-layered
structure or a multi-layered structure. For example, the
buffer layer 110 may have a double-layered structure.
[0037] However, exemplary embodiments of the present
invention are not limited to this particular configuration.
According to one or more exemplary embodiments of the
present invention, the buffer layer 110 may be omitted, as
illustrated in FIG. 4. In this case, the semiconductor layer
120 may directly contact the substrate 100.

[0038] The gate electrode 140 is disposed above the
semiconductor layer 120, and the source electrode 160a and
the drain electrode 1605 are electrically connected to each
other according to a signal applied to the gate electrode 140.
By taking into account adhesion to an adjacent layer, surface
flatness of a stacked layer, and processability, the gate
electrode 140 may be have a single-layered structure or a
multi-layered structure that includes aluminum (Al), plati-
num (Pt), palladium (Pd), silver (Ag), magnesium (Mg),
gold (Au), nickel (Ni), neodymium (Nd), iridium (Ir), chro-
mium (Cr), lithium (L), calcium (Ca), molybdenum (Mo),
titanium (Ti), tungsten (W), and/or copper (Cu).

[0039] To secure insulation properties between the semi-
conductor layer 120 and the gate electrode 140, the first
insulating layer 130 including silicon oxide and/or silicon
nitride may be disposed between the semiconductor layer
120 and the gate electrode 140.

[0040] The second insulating layer 150 may be disposed
above the gate electrode 140. The second insulating layer
150 may have a single-layered structure or a multi-layered
structure including silicon oxide or silicon nitride.

[0041] The source electrode 160a and the drain electrode
1605 may be disposed above the second insulating layer
150. The source electrode 160a and the drain electrode 1605
may be electrically connected to the semiconductor layer
120 through contact holes formed in the second insulating
layer 150 and the first insulating layer 130. By taking into
account conductivity or the like, the source electrode 160a
and the drain electrode 1605 may have a single-layered
structure or a multi-layered structure including Al, Pt, Pd,
Ag, Mg, Au, Ni, Nd, Ir, Cr, Li, Ca, Mo, Ti, W, and/or Cu.
[0042] The thin film transistor TFT may have the above-
described structure and a protection film may be disposed to
cover the thin film transistor. The protection film may
include an inorganic material, such as silicon oxide, silicon
nitride, or silicon oxynitride.

[0043] A via layer 170 may be disposed above the sub-
strate 100. In this case, the via layer 170 may be a planariza-
tion film or a protection film. In a case where the organic
light-emitting device 200 is disposed above the thin film
transistor TFT, the via layer 170 may planarize the top
surface of the thin film transistor TFT and protect the thin
film transistor TFT and other devices. The via layer 170 may
include an acryl-based organic material and/or benzocy-
clobutene (BCB).
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[0044] A pixel defining film 180 may be disposed above
the thin film transistor TFT. The pixel defining film 180 may
be disposed above the via layer 170 and may have an
opening defining a pixel region. The pixel defining film 180
may serve to define a pixel region of each pixel through the
opening.

[0045] The pixel defining film 180 may include, for
example, an organic insulating film. The organic insulating
film may include an acryl-based polymer such as polymethyl
methacrylate (PMMA), a polystyrene (PS), a polymer
derivative having a phenol group, an imide-based polymer,
an arylether-based polymer, an amide-based polymer, a
fluorine-based polymer, a p-xylene-based polymer, a vinyl-
alcohol-based polymer, and/or any mixtures thereof.
[0046] An organic light-emitting device 200 may be dis-
posed above the via layer 170. The organic light-emitting
device 200 may include a pixel electrode 210, an interme-
diate layer 220 including, an emission layer (EML), and an
opposite electrode 230.

[0047] The pixel electrode 210 may be a transparent (or
translucent) electrode or a reflective electrode. When the
pixel electrode 210 is the transparent (or translucent) elec-
trode, the pixel electrode 210 may include indium thin oxide
(ITO), indium zinc oxide (IZ0), zinc oxide (ZnO), indium
oxide (In,0,), indium gallium oxide (IGO), and/or alumi-
num zinc oxide (AZ0O). When the pixel electrode 210 is the
r Elective electrode, the pixel electrode 210 may include a
reflection film including Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir,
Cr, and/or any compounds thereof and a layer including
ITO, EZ0, ZnO, In,0,, IGO, and/or AZO. However, exem-
plary embodiments of the present invention are not limited
to this particular composition. The pixel electrode 210 may
include various materials. Various modifications may be
made to the pixel electrode 210. For example, the pixel
electrode 210 may have a single-layered structure or a
multi-layered structure.

[0048] The intermediate layer 220 may be disposed within
the pixel region defined by the pixel defining film 180. The
intermediate layer 220 may include an emission layer
(EML) that emits light according to an electrical signal. The
intermediate layer 220 may have a single-layered structure
or a multi-layered structure including, in addition to the
EML, a hole injection layer (HIL) and a hole transport layer
(HTL), which are disposed between the EML and the pixel
electrode 210. The intermediate layer 220 may further
include an electron transport layer (ETL) and an electron
injection layer (EIL), which are disposed between the EML
and the opposite electrode 230. However, the intermediate
layer 220 is not limited to this particular configuration. The
intermediate layer 220 may have various structures.

[0049] The opposite electrode 230, which covers the inter-
mediate layer 220 including the EML and faces the pixel
electrode 210, may be disposed over the entire surface of the
substrate 100. The opposite electrode 230 may be a trans-
parent (or translucent) electrode or a reflective electrode.

[0050] The intermediate layer 220 may include a low-
molecular-weight organic material or a high-molecular-
weight organic material.

[0051] When the intermediate layer 220 includes a low-
molecular-weight organic material, an HTL, an HIL, an
ETL, and an EIL may be stacked with respect to an EML.
When necessary, various layers may be further stacked. In
this case examples of available organic materials may
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include copper phthalocyanine (CuPc), N'-di(naphthalene-
1-y])-N, N'-diphenyl-benzidine (NPB), and tris-8-hydroxy-
quinoline aluminum (Alq,).

[0052] When the intermediate layer 220 includes a high-
molecular-weight organic material, the intermediate layer
220 may further include an HTL. The HTL may include
poly-(2,4)-ethylene-dihydroxy thiophene (PEDOT) or
polyaniline (PANI). In this case, examples of available
organic materials may include a high-molecular-weight
organic material that includes poly-phenylenevinylene
(PPV) or polyfluorene. Also, an inorganic material may be
disposed between the intermediate layer 220 and the pixel
electrode 210 and between the intermediate layer 220 and
the opposite electrode 230.

[0053] In this case, the HTL, the HIL, the ETL, and the
EIL may be integrally formed above the entire surface of the
substrate 100, and only the EML may be formed at each
pixel. The EML, may be formed by an inkjet printing
process. The HTL, the HIL, the ETL, and the EIL may be it
a lead-in portion.

[0054] When the opposite electrode 230 is a transparent
(or translucent) electrode, the opposite electrode 230 may
include a layer including a metal having a small work
function, for example, Li, Ca, LiF/Ca, LiF/Al, Al, Ag, Mg,
and any compounds thereof, and a transparent (or translu-
cent) conductive layer including 1TO, IZ0, ZnO, or In,0,.
When the opposite electrode 230 is a reflective electrode, the
opposite electrode 230 may include a layer including L1, Ca,
LiF/Ca, LiF/Al, Al, Ag, Mu, and any compounds thereof.
The structure and material of the opposite electrode 230 are
not limited thereto, and various modifications may be made
thereto.

[0055] The encapsulation layer 300 may be disposed
above the organic light-emitting device 200 to cover the
organic light-emitting device 200. Although not illustrated,
in one or more exemplary embodiments of the present
invention, functional layers, such as a polarization layer,
may be further disposed between the opposite electrode 230
and the encapsulation layer 300.

[0056] The encapsulation layer 300 may include a first
inorganic film 310, a second inorganic film 330, and an
organic film 320 disposed between the first, inorganic film
310 and the second inorganic film 330. The encapsulation
layer 300 may serve to seal the organic light-emitting device
200 that is vulnerable external moisture permeation. The
encapsulation layer 300 may have a multi-layered structure
in which the inorganic film and the organic film 320 are
alternately stacked, so as to increase sealing performance.
Also, the organic film 320 of the encapsulation layer 300
may be thicker than the first inorganic film 310 and the
second inorganic film 330.

[0057] The first inorganic film 310 and the second inot-
ganic film 330 may be disposed above the entire surface of
the substrate 100 in the first region 1A and the second region
2A. The first inorganic film 310 and the second inorganic
film 330 may include, for example, silicon nitride, alumi-
num nitride, zirconium nitride, titanium nitride, hafnium
nitride, tantalum nitride, silicon oxide, aluminum oxide,
titanium oxide, tin oxide, cerium oxide, and/or silicon
oxynitride (SiON). In this case, the material of the first
inorganic film 310 may be identical to or different from the
material of the second inorganic film 330.

[0058] The organic film 320 may be disposed between the
first inorganic film 310 and the second inorganic film 330, so
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as to increase flexibility of the encapsulation layer 300. The
organic film 320 may be sealed by the first inorganic film
310 and the second inorganic film 330. For example, the side
of the organic film 320 may be covered by the first inorganic
film 310 and the second inorganic film 330. For example, the
organic film 320 may be completely covered by the second
inorganic film 330 above the organic film 320. Edges of the
first inorganic film 310 and the second inorganic film 330
covering the side of the organic film 320 may directly
contact each other. Since the organic film 320 is a passage
by which external moisture may permeate, the organic film
320 is completely sealed by the first inorganic film 310 and
the second inorganic film 330. The organic film 320 may
include, for example, an acryl-based resin, a methacryl-
based resin, a polyisoprene-based resin, a vinyl-based resin,
an epoxy-based resin, a urethane-based resin, a cellulose-
based resin, and/or a perylene-based resin. The material of
the first organic film may be identical to or different from the
material of the second organic film.

[0059] Next, the second region 2A of the substrate 100
will be described with reference to FIG. 2.

[0060] The second region 2A of the substrate 100 may be
a region that surrounds the periphery of the first region 1A
and includes the edges of the substrate 100. Wirings, cir-
cuits, and the like, except for the organic light-emitting
device 200, may be arranged in the second region 2A.
Furthermore, only the substrate 100 or an insulating film
above the substrate 100 may be disposed in the second
region 2A. According to an exemplary embodiment of the
present invention, the insulating part 155 may be disposed
over the first region 1A and the second region 2A of the
substrate 100. A portion of the via layer in the first region 1A
may extend to the second region 2A. Also, a portion of the
encapsulation layer 300 in the first region 1A may extend to
the second region 2A.

[0061] The insulating part 155 in the second region 2A
may have a first opening portion 155a disposed around an
edge of the first region 1A. For example, the first opening
portion 155a may be disposed in the second region 2A
around the first region 1A. The first opening portion 1554
may have a closed loop along the first region 1A, or may
have an opened loop. As illustrated in FIG. 2 the first
opening portion 155a may expose at least a portion of the
buffer layer.

[0062] The first opening portion 1554 may include a first
opening 130a and a second opening 150a corresponding to
the first opening portion 1554. For example, the insulating
part 155 may include the buffer layer 110, and the first
insulating layer 130 and the second insulating layer 150
above the buffer layer 110. The first insulating layer 130 may
have the first opening 130a corresponding to the first open-
ing portion 155a. Similarly, the second insulating layer 150
may have the second opening 150a corresponding to the first
opening portion 155a. An inner surface of the first opening
130q is illustrated in FIG. 2 as matching an inner surface of
the second opening 150a, but a cross-section of the first
opening 130¢ may or might not match a cross-section of the
second opening 150a. For example, in a case where the first
insulating layer 130 and the second insulating layer 150
include the same inorganic material, the inner surfaces of the
first insulating layer 130 and the second insulating layer 150
may match each other through etching using the same mask.
However, in a case where the first insulating layer 130 and
the second insulating layer 150 include different inorganic
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materials, the inner surfaces of the first insulating layer 130
and the second insulating layer 150 might not match each
other through etching using the same mask. In a case where
the inner surfaces of the first insulating layer 130 and the
second insulating layer 150 do not match each other, the first
inorganic film 310 of the encapsulation layer 300 extending
to the second region 2A might not easily cover the inner
surface of the first opening portion 155a. In a case where the
first inorganic film 310 does not easily cover the inner
surface of the first opening portion 1554, external moisture
may permeate the display apparatus through the region
where the first inorganic film 310 is discontinuously formed.
Thus, it is possible to increase step coverage of the first
inorganic film 310 by covering the inner surface of the first
opening portion 155a by using the first organic. insulating
layer 174.

[0063] The first organic insulating layer 174 covering the
inner surface of the first opening portion 155¢ may be
disposed above the insulating part 155 in the first opening
portion 155a. As illustrated in FIG. 2, the first organic
insulating layer 174 may cover the inner surface of the first
opening portion 1554, and may cover at least a portion of the
top surface of the insulating part 155 where the first opening
portion 155q is disposed. The first organic insulating layer
174 may cover the inner surface of the first opening portion
155a and expose at least a portion of the buffer layer 110.
The first organic insulating layer 174 and the via layer 170
may include the same material. As illustrated in FIG. 3, the
first organic insulating layer 174 and the pixel defining film
180 may include the same material.

[0064] The dam part 172 may be disposed above the
insulating part 155 in the second region 2A to surround the
periphery of the first opening portion 155a. As in the first
opening portion 1554, the dam part 172 may have a closed
loop or may have an opened loop. The dam part 172 may
serve to prevent the organic film 320 of the encapsulation
layer 300 from overflowing to the edges of the substrate 100
and may allow the organic film 320 to be easily sealed by the
first inorganic film 310 and the second inorganic film 330.
[0065] The dam part 172 and the via layer 170 may
include the same material. As illustrated in FIG. 3, the dam
part 172 and the pixel defining film 180 may include the
same material. When the dam part 172 and the via layer 170
include the same material, a height of the dam part 172 may
be equal to or less than a height of the via layer 170. In one
or more exemplary embodiments of the present invention,
when the dam part 172 and the pixel defining film 180
include the same material, a height of the dam part 172 may
be equal to or less than a height of the pixel defining film
180. When the height of the dam part 172 is less than the
height of the dam part 172 or the via layer 170, the height
of the dam part 172 may be adjusted by using a halftone
mask or the like during a manufacturing process. The dam
part 172 is formed to have a single-layered structure, but in
other embodiments, the dam part 172 may have a multi-
layered structure. In this case, the dam part 172 may have a
multi-layered structure including a layer including the same
material as that of the via layer 170 and a layer including the
same material as that of the pixel defining film 180.
[0066] As described above, the encapsulation layer 300
may extend from the first region 1A to the second region 2A
above the insulating part 155 in the second region 2A. As
illustrated in FIG. 2, the first inorganic film 310 may be
disposed above the opposite electrode in the first region 1A,



US 2019/0288232 Al

may extend to the second region 2A, and may be disposed
above the first opening portion 155a, the first organic
insulating layer 174 covering the inner surface of the first
opening portion 155a, and the dam part 172. The first
inorganic film 310 may cover the entire surface of the
substrate 100 and may extend to the edges of the substrate
100.

[0067] The organic film 320 may be disposed above the
first inorganic film 310 and may be disposed in a portion of
the first region 1A and the second region 2A. In this case, the
expression that “the organic film 320 is in a portion of the
second region 2A” may denote that the organic film 320 is
arranged up to the dam part 172 and disposed in the second
region 2A. For example, the overflow of the organic film 320
is prevented by the dam part 172, and thus, the organic film
320 is not formed up to the edges of the substrate 100. The
organic film 320 may be buried in the first opening portion
155¢ formed in the insulating part 155. The top surface of
the organic film 320 buried in the first opening portion 1554
may have an approximately flat shape.

[0068] The second inorganic film 330 may be disposed
above the organic film 320. The second inorganic film 330
may be disposed above the organic film 320 and may come
into direct surface contact with the organic film 320 in the
region where the organic film 320 is formed. As described
above, since the region of the organic film 320 is defined by
the dam part 172 of the second region 2A, the second
inorganic film 330 may directly contact the organic film 320
until just before the dam part 172, and comes into direct
surface contact with the first inorganic film 310 from the top
surface of the dam part 172 to the edge of the substrate 100.
For example, the organic film 320 is not present from the top
surface of the dam part 172 to the edge of the substrate 100,
and the first inorganic film 310 extends to the edge of the
first inorganic film 310.

[0069] In the related art, the second region 2A has more
than a certain width to prevent damage to the display
apparatus due to external moisture permeation. For example,
in the encapsulation layer 300 playing a major role in
preventing external moisture permeation, the region where
the first inorganic film 310 and the second inorganic film 330
come into direct contact with each other may have more than
a certain width. However, in this case, as the width of the
second region 2A is increased in the periphery of the first
region 1A, except for the first region 1A where pixels are
arranged, a non-display region of the display apparatus, e.g.,
a dead space, is expanded.

[0070] Since the insulating part 155 in the second region
2A has the first opening portion 155 and the organic film
320 is partially buried in the first opening portion 1554, a
passage of external moisture permeability through the side
of the insulating film is blocked to thereby make a display
apparatus robust to moisture permeation. Due to the first
organic insulating layer 174 covering the inner surface of the
first opening portion 1554, step coverage of the first inor-
ganic film 310 may be increased. Also, due to the first
opening portion 155a blocking the passage of moisture
permeability, the non-display region of the display appara-
tus, for example, the dead space, may be reduced.

[0071] FIG. 5 is a schematic plan view of a display
apparatus according to an exemplary embodiment of the
present invention, and FIG. 6 is a schematic cross-sectional
view taken along line A2-A2' of FIG. 5.
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[0072] Referring to FIGS. 5 and 6, the display apparatus
according to an exemplary embodiment of the present
invention includes a substrate 100; an insulating part 155
above the substrate 100 having a first opening portion 1554;
a dam part 172 disposed above the insulating part 155 and
surrounding the periphery of the first opening portion 155a4;
an organic insulating layer 174 covering an inner surface of
the first opening portion 155a; an organic light-emitting
device 200 disposed above the insulating part 155; an
encapsulation layer 300 covering the organic light-emitting
device 200; and a first material layer 122 disposed between
the substrate 100 and the insulating part 155.

[0073] The approach illustrated in FIG. 6 is substantially
identical to the approach illustrated in FIG. 2, except that
according to the approach illustrated in FIG. 6, the first
material layer 122 is disposed in a region where the first
opening portion 1554 is disposed.

[0074] Referring to FIG. 6, the first material layer 122 may
be disposed between the substrate 100 and the insulating
part 155 of the second region 2A. For example, the first
material layer 122 may be disposed above the buffer layer
and may be disposed between the buffer layer and the first
insulating layer 130. The first opening portion 1554 may be
formed to expose at least a portion of the first material layer
122. The first material layer 122 may include the same
material as that of a semiconductor layer 120 of a thin film
transistor TFT, but might not undergo a doping process as is
performed in the semiconductor layer 120.

[0075] In the manufacturing process of forming the first
opening portion 1554, when the first opening portion 1554
is formed through etching, the first material layer 122 may
serve as an etch stopper to adjust a depth to be defined by the
first opening portion 155a. As such, the depth of the first
opening portion 1554 may be controlled according to which
layer the first material layer 122 is arranged on.

[0076] As described above, since the first opening portion
155a is formed to expose at least a portion of the first
material layer 122, the first organic insulating layer 174
covering the inner surface of the first opening portion 1554
may expose at least a portion of the first material layer 122.
In this case, at least a portion of the first organic insulating
layer 174 may directly contact with the first material layer
122. Therefore, the region where the first organic insulating
layer 174 exposes the first material layer 122 may be smaller
than the region where the first opening portion 155a exposes
the first material layer 122.

[0077] The first inorganic film 310 of the encapsulation
layer 300 may be disposed above the insulating part 155 so
as to cover the first organic insulating layer 174, and may
come into direct contact with the first material layer 122, at
least a portion of which is exposed by the first opening
portion 155a and the first organic insulating layer 174.

[0078] According to an exemplary embodiment of the
present invention, since the insulating part 155 in the second
region 2A has the first opening portion 155 and the organic
film 320 is partially buried in the first opening portion 1554,
a passage of external moisture permeability through the side
of the insulating film is blocked to thereby provide a display
apparatus robust to moisture permeation. Due to the first
organic insulating layer 174 covering the inner surface of the
first opening portion 1554, it is possible to increase step
coverage of the first inorganic film 310. Also, due to the first
opening portion 155a blocking the passage of moisture
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permeability, it is possible to reduce the width of the
non-display region of the display apparatus, that is, for
example, the dead space.

[0079] FIG. 7 is a schematic plan view of a display
apparatus according to an exemplary embodiment of the
present invention, and FIG. 8 is a schematic cross-sectional
view taken along line A3-A3' of FIG. 7.

[0080] Referring to FIGS. 7 and 8, the display apparatus
according to an exemplary embodiment of the present
invention includes a substrate 100; an insulating part 155
disposed above the substrate 100 and having a first opening
portion 1554, a dam part 172 disposed above the insulating
part 155 and surrounding the periphery of the first opening
portion 1554, an organic insulating layer 174 covering an
inner surface of the first opening portion 155a4; an organic
light-emitting device 200 disposed above the insulating part
155; an encapsulation layer 300 covering the organic light-
emitting device 200; a first material layer 122 disposed
between the substrate 100 and the insulating part 155; and a
first metal layer 142.

[0081] The approach illustrated in FIG. 8 is substantially
identical to the approach lustrated in FIGS. 2 and 6, except
that, according to the approach illustrated in FIG. 8, the first
metal layer 142 is disposed between the first insulating layer
130 and the second insulating layer 150.

[0082] Referring to FIG. 8, the insulating part 155 dis-
posed above the substrate 100 may include a buffer layer
110, a first insulating layer 130, and a second insulating layer
150. As described above, the first insulating layer 130 may
have a first opening 1304 corresponding to the first opening
portion 1554, and the second insulating layer 150 may have
a second opening 150a corresponding to the first opening
portion 155a. According to an exemplary embodiment of the
present invention, the first metal layer 142 may be further
provided between the first insulating layer 130 and the
second insulating layer 150. Like the first opening 130a of
the first insulating layer 130 and the second opening 1504 of
the second insulating layer 150, the first metal layer 142 may
have a third opening 142a corresponding to the first opening
portion 155a. The first opening 130q, the second opening
150q, and the third opening 1424 are illustrated in FIG. 7 as
having the same inner surface, but the first opening 130a, the
second opening 150a, and the third opening 142a might not
have the same inner surface. For example, the first opening
1304, the second opening 1504, and the third opening 142a
may have different sizes. In this case, the first opening 130q,
the second opening 1504, and the third opening 142¢ may
have different inner surfaces.

[0083] As such, the first metal layer 142 may include the
same material as that of a gate electrode 140 of a thin film
transistor TFT in the first region 1A, but the exact compo-
sition of the first metal layer 142 is not limited thereto.
[0084] The first organic insulating layer 174 may cover the
inner surface of the first opening portion 155¢ including the
first opening 130¢, the second opening 150a, and the third
opening 142a. As described above, even when the first
opening 130qa, the second opening 150ae, and the third
opening 142« have different inner surfaces, the first organic
insulating layer 174 covers the entire inner surface of the
first opening portion 1554, thereby preventing a discontinu-
ous formation of the first inorganic film 310 covering the
first opening portion 155a.

[0085] Due to the first metal layer 142 having the third
opening 142a corresponding to the first opening portion
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155a, a depth of the first opening portion 155¢ may be
increased as much as a thickness of the first metal layer 142.
As the depth of the first opening portion 155¢ is increased,
an area of the first inorganic film 310 covering the first
opening portion 1552 may be increased and the depth of the
organic film 320 buried in the first opening portion 1554
may be increased. Thus, it is more effective to the blocking
of the permeation of external moisture.

[0086] According to an exemplary embodiment of the
present invention, since the insulating part 155 in the second
region 2A has the first opening portion 155« and the organic
film 320 is partially buried in the first opening portion 1554,
a passage of external moisture permeability through the side
of the insulating film is blocked to thereby provide a display
apparatus robust to moisture permeation. Due to the first
organic insulating layer 174 covering the inner surface of the
first opening portion 1554, step coverage of the first inor-
ganic film 310 may be increased. Also, due to the first
opening portion 1554 blocking the permeation of moisture,
the width of the non-display region of the display apparatus,
for example, the dead space, may be narrowed.

[0087] FIG. 9 is a schematic plan view of a display
apparatus according to an exemplary embodiment of the
present invention, and FIG. 10 is a schematic cross-sectional
view taken along line A4-A4' of FIG. 9.

[0088] Referring to FIGS. 9 and 10, the display apparatus
according to an exemplary embodiment of the present
invention includes a substrate 100; an insulating part 155
disposed above the substrate 100 and having a first opening
portion 155a; a dam part 172 disposed above the insulating
part 155 and surrounding the periphery of the first opening
portion 1554, an organic insulating layer 174 covering an
inner surface of the first opening portion 155¢; an organic
light-emitting device 200 disposed above the insulating part
155; an encapsulation layer 300 covering the organic light-
emitting device 200; a first material layer 122 disposed
between the substrate 100 and the insulating part 155; and a
second metal layer 162.

[0089] The approach illustrated in FIG. 10 is substantially
identical to the approach illustrated in FIGS. 2 and 8, except
that the second metal layer 162 is disposed on the top surface
of the insulating part 155 having the first opening portion
155a.

[0090] Referring to FIG. 10, the insulating part 155 above
the substrate 100 may include a buffer layer 110, a first
insulating layer 130, and a second insulating layer 150. As
described above, the first insulating layer 130 may have a
first opening 130a corresponding to the first opening portion
155a. The second insulating layer 150 may have a second
opening 150a corresponding to the first opening portion
155a. According to an exemplary embodiment of the present
invention, the display apparatus may further include the first
metal layer 142 disposed between the first insulating layer
130 and the second insulating layer 150, and the second
metal layer 162 disposed above the second insulating layer
150.

[0091] Like the first opening 130a of the first insulating
layer 130 and the second opening 150a of the second
insulating layer 150, the first metal layer 142 may have a
third opening 142a corresponding to the first opening por-
tion 155a. Also, the second metal layer 162 may have a
fourth opening 162a¢ corresponding to the first opening
portion 155a. The first opening 130a, the second operning
1504, the third opening 142q, and the fourth opening 162a
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are illustrated in FIG. 9 as having the same inner surface, but
the first opening 130a, the second opening 150q, the third
opening 1424, and the fourth opening 162a might not have
the same inner surface. For example, the first opening 130a,
the second opening 150q, the third opening 142a, and the
fourth opening 162a may have different sizes. In this case,
the first opening 130q, the second opening 150q, the third
opening 142q, and the fourth opening 162¢ may have
different inner surfaces.

[0092] As such, the first metal layer 142 may include the
same material as that of a gate electrode 140 of a thin film
transistor TFT in the first region 1A, but the composition of
the first metal layer 142 is not limited thereto. Also, the
second metal layer 162 may include the same material as
that of a source electrode 160a or a drain electrode 1605 of
the thin film transistor TFT.

[0093] The first organic insulating layer 174 may cover the
inner surface of the first opening portion 155a further
including the third opening 142¢ and the fourth opening
162a. As described above, even when the first opening 130aq,
the second opening 150q, the third opening 1424, and the
fourth opening 162¢ have different inner surfaces, the first
organic insulating layer 174 covers the entire inner surface
of the first opening portion 1554, thereby preventing a
discontinuous formation of the first inorganic film 310
covering the first opening portion 1554.

[0094] Due to the first metal layer 142 having the third
opening 142a corresponding to the first opening portion
155a and the second metal layer 162 having the fourth
opening 162a corresponding to the first opening portion
1554, a depth of the first opening portion 155¢ may be
increased by as much as a thickness of the first metal layer
142 and the second metal layer 162. As the depth of the first
opening portion 155¢ is increased, an area of the first
inorganic film 310 covering the first opening portion 1554
may be increased and the depth of the organic film 320
buried in the first opening portion 1554 may be increased.
Thus the blocking of the passage of external moisture
permeation may be increased.

[0095] According to an exemplary embodiment of the
present invention, since the insulating pan 155 in the second
region 2A has the first opening portion 1554 and the organic
film 320 is partially buried in the first opening portion 1554,
a passage of external moisture permeation through the side
of the insulating film is blocked to thereby provide a display
apparatus robust to moisture permeation. Due to the first
organic insulating layer 174 covering the inner surface of the
first opening portion 1554, it is possible to increase step
coverage of the first inorganic film 310. Also, due to the first
opening portion 155a blocking the permeation of moisture,
it is possible to narrow the width of the non-display region
of the display apparatus, which may be regarded as dead
space.

[0096] FIG. 11 is a schematic plan view of a display
apparatus according to an exemplary embodiment of the
present invention, and FIG. 12 is a schematic cross-sectional
view taken along line A5-A5' of FIG. 11.

[0097] Referring to FIGS. 11 and 12, the display apparatus
according to an exemplary embodiment of the present
invention includes a substrate 100; an insulating part 155
disposed above the substrate 100 and having a first opening
portion 155a and a second opening portion 1556, a dam part
172 disposed above the insulating part 155 and surrounding
the periphery of the first opening portion 155a; a first
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organic insulating layer 174 covering an inner surface of the
first opening portion 155a; an organic light-emitting device
200 disposed above the insulating part 155; and an encap-
sulation layer 300 covering the organic light-emitting device
200.

[0098] The approach illustrated in FIG. 12 differs from the
above-described approaches, in that in the approach of FIG.
12, the second opening portion 1555 is further included in
addition to the first opening portion 155a.

[0099] Referring to FIG. 12, the insulating part 155 dis-
posed above the substrate 100 may have the first opening
portion 155¢ in the second region 2A, and the second
opening portion 1556 covering the periphery of the first
opening portion 1554. The dam part 172 may be disposed
between the first opening portion 155a and the second
opening portion 155b. For example, the second opening
portion 15556 may cover the periphery of the dam part.

[0100] A second material layer 124 array be disposed at a
position corresponding to the second opening portion 1555.
The second material layer 124 may be disposed between a
buffer layer 110 and a first insulating layer 130. Therefore,
the second opening portion 1556 may expose at least a
portion of the second material layer 124, and may be formed
so that the first insulating layer 130 covers the edge of the
second material layer 124. As in the first material layer 122,
in the manufacturing process of forming the first opening
portion 1554, when the second opening portion 1555 is
formed through etching, the second material layer 124 may
serve as an etch stopper to adjust a depth to be defined by the
second opening portion 1555. As such, the depth of the
second opening portion 155b may be controlled according to
which layer the second material layer 124 is arranged on.

[0101] The second material layer 124 may include the
same material as that of a semiconductor layer 120 of a thin
film transistor TFT, but might not undergo a doping process
as in the semiconductor layer 120. In one or more exemplary
embodiments of the present invention, when the depth of the
second opening portion 1555 is formed to be relatively
shallow, the second material layer 124 may include the same
material as that of the gate electrode 140. In this case, the
second material layer 124 may be disposed above the first
insulating film.

[0102] A second organic insulating layer 176 may be
disposed above the insulating part 155 and may cover the
inner surface of the second opening portion 1556 The
second organic insulating layer 176 covers the inner surface
of the second opening portion 1555. Thus, even when the
inner surface of the second opening portion 1555 is not
smoothly formed, it is possible to prevent a discontinuous
formation of the first inorganic film 310 above the inner
surface of the second opening portion 1555.

[0103] As described above, the first inorganic film 310
may cover the second opening portion 1555 covered by the
second organic insulating layer 176 and the first material
layer 122, at least a portion of which is exposed by the
second opening portion 155b. As illustrated, the first inor-
ganic film 310 may be disposed above the entire surface of
the substrate 100 over both the first region 1A and the second
region 2A.

[0104] Above the insulating part 155 where the second
opening portion 1555 is arranged, the second inorganic film
330 may be disposed directly on the first inorganic film 310.
For example, the first inorganic film 310 may come into
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surface contact with the second inorganic film 330 above the
insulating film from the dam part 172 to the edge of the
substrate 100.

[0105] FIG. 13 is a schematic plan view of a display
apparatus according to an exemplary embodiment of the
present invention, and FIG. 14 is a schematic cross-sectional
view taken along line A6-A6' of FIG. 13.

[0106] Referringto FIGS. 13 and 14, the display apparatus
according to an exemplary embodiment of the present
invention includes a substrate 100; an insulating part 155
disposed above the substrate 100 and having a first opening
portion 1554, a second opening portion 1555, and a third
opening portion 155¢; a dam part 172 disposed above the
insulating part 155, surrounding the periphery of the first
opening portion 155a, and disposed between the first open-
ing portion 155¢ and the second opening portion 1554, a
first organic insulating layer 174 covering an inner surface
of the first opening portion 1554, a second organic insulating
layer 176 covering an inner surface of the second opening
portion 155b; a first organic insulating layer 178 covering an
inner surface of the third opening portion 155¢; an organic
light-emitting device 200 disposed above the insulating part
155; and an encapsulation layer 300 covering the organic
light-emitting device 200.

[0107] The approach illustrated in F1G. 14 differs from the
above-described approaches, in that the third opening por-
tion 155¢ is further included in addition to the first opening
portion 155a and the second opening portion 1555.

[0108] The approach illustrated in FIG. 155 differs from
the above-described approaches, in that the third opening
portion 155¢ is further included in addition to the first
opening portion 1554 and the second opening portion 1554.
The third opening portion 155¢ may surround the periphery
of the second opening portion 1555. For example, the first
opening portion 155a may be in a region closest to the first
region 1A so as to surround the periphery of the first region
1A where pixels are arranged. The dam part 172 may
surround the periphery of the first opening portion 155a. The
second opening portion 1556 may surround the dam part
172. The third opening portion 155¢ may surround the
second opening portion 1555.

[0109] As illustrated in FIG. 13, the third opening portion
155¢ may include an opening formed in the second insulat-
ing film 150. In this case, a third material layer 126 may be
further above the first insulating film 130. The third opening
portion 155¢ may expose at least a portion of the third
material layer 126. The third material layer 126 may include
the same material as that of a gate electrode 140 of a thin
film transistor TFT.

[0110] In one or more exemplary embodiments of the
present invention, as in the second opening portion 1555, an
opening may be further formed in the first insulating film
130. In this case, the third material layer 126 may be
disposed above a buffer layer 110 and may include the same
material as that of a semiconductor layer 120 of the thin film
transistor TFT.

[0111] In one or more exemplary embodiments of the
present invention, the third opening portion 155¢ might not
include the third material layer. In this case, the third
opening portion 155¢ may expose at least a portion of the
buffer layer 110.

[0112] FIG. 15 is a schematic plan view of a display
apparatus according to an exemplary embodiment of the
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present invention, and FIG. 16 is a schematic cross-sectional
view taken along line B-B' of FIG. 15.

[0113] Referring to FIG. 15, the display apparatus accord-
ing to an exemplary embodiment of the present invention
may include a first region 1A as a display region where a
plurality of pixels are arranged, and a second region 2A as
a non-display region that surrounds the periphery of the first
region 1A. A substrate 100 having a hole h may be provided
in a certain region. The hole h may be disposed in the display
region. The display apparatus may include a dam part 172 in
the second region 2A surrounding the hole h, and an opening
portion 1550 in the second region 2A surrounding the dam
part 172 with respect to the edge of the substrate 100 where
the hole h is formed.

[0114] Referring to FIGS. 15 and 16, the display apparatus
according to an exemplary embodiment of the present
invention includes a substrate 100; an insulating part 155
disposed above the substrate 100 and having a first opening
portion 155a; a dam part 172 disposed above the insulating
part 155 and surrounding the periphery of the first opening
portion 155a; a first organic insulating layer 174 covering an
inner surface of the first opening portion 1554, an organic
light-emitting device 200 disposed above the insulating part
155; and an encapsulation layer 300 covering the organic
light-emitting device 200.

[0115] The cross-sectional structure illustrated in FIG. 16
may be substantially similar to the cross-sectional structure
illustrated in FIG. 2.

[0116] Also, in the display apparatus of FIG. 15, the
cross-sectional structure taken along line B-B' is not limited
to the arrangement illustrated in FIG. 16. In one or more
exemplary embodiments of the present invention, the cross-
sectional structure taken along line B-B' of FIG. 15 may
have the cross-sectional structure of F1G. 2, 3,4, 6, 8,10, 12,
or 14.

[0117] According to the related art, the second region 2A
must have more than a certain width in order to prevent a
damage to the display apparatus due to external moisture
permeability. The encapsulation layer 300 therefore plays a
major role in preventing external moisture permeability, and
the region where the first inorganic film 310 and the second
inorganic film 330 come into direct contact with each other
will have more than a certain width. However, in this case,
as the width of the second region 2A is increased in the
periphery of the first region 1A, except for the first region 1A
where pixels are arranged, the non-display region of the
display apparatus, e.g., the dead space, is expanded.

[0118] According to an exemplary embodiment, since the
insulating part 155 in the second region 2A has the first
opening portion 155a and the organic film 320 is partially
buried in the first opening portion 1554, the permeation of
external moisture permeability through the side of the insu-
lating film is blocked to thereby provide a display apparatus
robustness to moisture permeation. Due to the first organic
insulating layer 174 covering the inner surface of the first
opening portion 155a, step coverage of the first inorganic
film 310 may be increased. Also, due to the first opening
portion 155a blocking the passage of moisture permeation,
it is possible to narrow the non-display region of the display
apparatus, that is, for example, the dead space.

[0119] As described above, according to one or more
exemplary embodiments of the present invention, it is pos-
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sible to provide the display apparatus that has an increased
display region size and is robust to external moisture pet-
meation.

[0120] While one or more exemplary embodiments of the
present invention have been described herein with reference
to the figures, 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 disclosure.

1. A display apparatus comprising:

a substrate having a first region and a second region
surrounding the first region;

an insulating part disposed above the substrate, covering
the first region and the second region, and comprising
a first opening portion in the second region;

a dam part disposed above the insulating part in the
second region and surrounding a periphery of the first
opening portion;

a first organic insulating layer disposed above the insu-
lating part and covering an inner surface of the first
opening portion;

an organic light-emitting device disposed above the insu-
lating part in the first region and comprising a pixel
electrode; and

an encapsulation layer, disposed above the insulating part
in both the first region and the second region, the
encapsulation layer covering the organic light-emitting
device.

2. The display apparatus of claim 1, wherein

the encapsulation layer comprises a first inorganic film, a
second inorganic film, and an organic film disposed
between the first inorganic film and the second inor-
ganic film, and

at least a portion of the organic film is recessed within the
first opening portion.

3. The display apparatus of claim 2, wherein the first
inorganic film and the second inorganic film extend to an
edge of the substrate and come into direct contact with each
other in the second region.

4. The display apparatus of claim 2, wherein the organic
film is fully enclosed by the second inorganic film and the
first inorganic film.

5. The display apparatus of claim 2, wherein the first
inorganic film covers the insulating part and the first organic
insulating layer.

6. The display apparatus of claim 1, further comprising:

a first material layer disposed between the substrate and
the insulating part,

wherein the first opening portion exposes at least a portion
of the first material layer.

7. The display apparatus of claim 6, wherein the first
organic insulating layer exposes at least a portion of the first
material layer.

8. The display apparatus of claim 7, wherein the first
inorganic film comes into direct contact with at least a
portion of the first material layer.

9. The display apparatus of claim 6, further comprising:

a thin film transistor disposed in the first region and
comprising a semiconductor layer and a gate electrode,

wherein the first material layer comprises a same material
as the semiconductor layer.

10. The display apparatus of claim 1, wherein the insu-

lating part is disposed above the substrate in both the first
region and the second region and the insulating part com-
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prises a first insulating layer, having a first opening corre-
sponding to the first opening portion, and a second insulating
layer, having a second opening corresponding to the first
opening portion.

11. The display apparatus of claim 10, further comprising:

a first metal layer disposed between the first insulating

layer and the second insulating layer of the second
region, and comprising a third opening corresponding
to the first opening portion.

12. The display apparatus of claim 11, further comprising:

a second metal layer disposed above the second insulating

layer of the second region, and comprising a fourth
opening corresponding to the first opening portion.

13. The display apparatus of claim 12, wherein the first
organic insulating layer covers inner surfaces of the first
opening, the second opening, the third opening, and the
fourth opening.

14. The display apparatus of claim 12, further comprising:

a thin film transistor disposed in the first region and

comprising a semiconductor layer, a gate electrode, a
source electrode, and a drain electrode,

wherein the first metal layer comprises a same material as

the gate electrode, and

the second metal layer comprises a same material as the

source electrode or the drain electrode.

15. The display apparatus of claim 1, further comprising:

a via layer disposed between the insulating part and the

pixel electrode in the first region; and

a pixel defining film covering an edge of the pixel

electrode and exposing a central portion thereof,

wherein the first organic insulating layer comprises a

same material as the via layer or the pixel defining film

16. The display apparatus of claim 15, wherein the dam
part comprises a same material as the via layer or the pixel
defining film.

17. The display apparatus of claim 1, wherein the insu-
lating part further comprises a second opening portion
surrounding a periphery of the dam part.

18. The display apparatus of claim 17, further comprising:

a second organic insulating layer disposed above the

insulating pan and covering an inner surface of the
second opening portion,

wherein the second organic insulating layer exposes at

least a portion of the first material layer.

19. The display apparatus of claim 17, further comprising:

a second material layer disposed between the substrate

and the insulating part,

wherein the second opening portion exposes at least a

portion of the second material layer.
20. The display apparatus of claim 19, further comprising:
a thin film transistor disposed in the first region, com-
prising a semiconductor layer and a gate electrode,

wherein the second material layer comprises a same
material as the semiconductor layer or the gate elec-
trode.

21. A display apparatus, comprising:

a substrate;

an insulating layer disposed on the substrate and having a

first opening and a second opening;

a thin film transistor (TFT) disposed within the first

opening; and

an organic film disposed over the TFT and disposed

within the second opening.
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