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(57) ABSTRACT

An organic light-emitting display apparatus includes: a pixel
electrode on a substrate; an environmental element on the
pixel electrode; a protection insulating layer between the
pixel electrode and the environmental element and at a loca-
tion corresponding to the environmental element; an oppos-

(30) Foreign Application Priority Data ing electrode facing the pixel electrode; and an intermediate
layer between the pixel electrode and the opposing electrode
Sep. 25,2013 (KR) .ovvevererevercniecae 10-2013-0114133 and including an organic emission layer.

431 432 433 417 C3

00

418 217b 215 2172 317 440 C4 517 518

R NN DR

e

-------

: I 1—426
oty g s i
i e O p ///AI’//,]\_I 423
n ' 421
43¢ |
asib .- i 1410
gty g I -+

B

/T

433a 432a 480 450 212h 212 2123 312 314
—
212
| | | 11 |
! PXL " TR cap " PAD



Patent Application Publication  Mar. 26,2015 Sheet 1 of 6 US 2015/0084009 A1
100
133 132 131 133a132a 160
' x5 140
RN Y -~
BSOSO R Y
Ll
'wh | "——""—"120
150 110
131
ES I IRNHI RN
120
110
= =g




Patent Application Publication ~ Mar. 26,2015 Sheet 2 of 6 US 2015/0084009 A1

FIG. 3

131 Ch
140
TR AR RN
120
110
“- -
131 160 C5
=150’
\ ~L—140
AT T AR
1120
~—110




Patent Application Publication  Mar. 26,2015 Sheet 3 of 6 US 2015/0084009 A1

FIG. S

160
, 140
TSRS 9
s 1120
150 4110
o i
FIG. 6

132 131  132a 160

——140

——120

——110




Patent Application Publication  Mar. 26,2015 Sheet 4 of 6 US 2015/0084009 A1

FIG. 7

133 132 131 133a132a 160

DA -<<’\'\/

LB T s e
ARG
120
150 —~+—110
‘?. ‘rv
200
233 232 231 233a232a 262
N ALY\ N4
CIrTi i) I, crr ) 240
ARV AR AR
~—220
1 /
261 251 252
210
= -

<



Patent Application Publication  Mar. 26,2015 Sheet 5 of 6 US 2015/0084009 A1

FIG. 9
b

333 332 331 333a332a 360

v,

. revave [l o 340
AT LIS LA LSS
AU NIRRT
320
350
~—310




US 2015/0084009 A1

| advd f dVvO e i} e 1Xd o
¢le
\|\rl]1/
° 1€ ¢le Bgle 9¢le dgle 0S¥ 09% BgEt BEEY
S A W \ | [/ -
g - 2 Mvmw
= 0Ly —r Ley
- St
H rN._w!...lU i
(=] ._..‘-l\\\\ 5
A €e 7T
) 9ZYy —
m 62t .-

816 Z1S ¥O Ovv LI€BLLE SIe Ll 8Ly €D LL¥ €EF CEF LBV

O "OId

Patent Application Publication
o
~r



US 2015/0084009 A1

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

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2013-0114133, filed on
Sep. 25, 2013 in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein in its entirety by
reference.

BACKGROUND

[0002] 1.Field

[0003] Aspects of embodiments of the present invention are
directed toward organic light-emitting display apparatuses
and methods of manufacturing the same.

[0004] 2. Description of the Related Art

[0005] An organic light-emitting display apparatus is a
self-luminous display apparatus which includes a plurality of
organic light-emitting devices each including a hole injection
electrode, an electron injection electrode, and an organic
emission layer provided therebetween. An exciton is gener-
ated when a hole, injected from the hole injection electrode, is
recombined with an electron, injected from the electroninjec-
tion electrode, in the organic emission layer. Light is then
emitted when the exciton falls from an excited state to a
ground state.

[0006] Because the organic light-emitting display appara-
tus is a self-luminous display apparatus, a separate light
source is unnecessary. Therefore, the organic light-emitting
display apparatus may be driven at a lower voltage and be
manufactured to have a lighter weight and a slimmer profile.
In addition, the organic light-emitting display apparatus has
high-grade characteristics, such as wide viewing angles, high
contrast, and fast response times. Hence, the organic light-
emitting display apparatus has been widely applied to various
fields, including personal portable devices such as MP3 play-
ers, mobile phones, televisions (TVs), or the like.

SUMMARY

[0007]  Aspects of embodiments of the present invention are
directed toward organic light-emitting display apparatuses
and methods of manufacturing the same.

[0008] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description or may be learned by practice of the presented
embodiments.

[0009] According to one or more embodiments of the
present invention, an organic light-emitting display apparatus
includes: a pixel electrode on a substrate; an environmental
element on the pixel electrode; a protection insulating layer
between the pixel electrode and the environmental element
and ata location corresponding to the environmental element;
an opposing electrode facing the pixel electrode; and an inter-
mediate layer between the pixel electrode and the opposing
electrode and including an organic emission layer.

[0010] A width of the protection insulating layer may be
substantially the same as that of the environmental element.
[0011] The protection insulating layer may be between the
pixel electrode and the intermediate layer.

[0012] The protection insulating layer may include poly-
imide (PI), silicon oxide, and/or silicon nitride.
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[0013] The protection insulating layer may have a thick-
ness in a range from about 700 A to about 1000 A.

[0014] The opposing electrode and the intermediate layer
may each include separated regions due to the environmental
element.

[0015] The organic light-emitting display apparatus may
further include: a thin film transistor electrically coupled to
the pixel electrode and including an active layer, a gate elec-
trode, a source electrode, a drain electrode, a first insulating
layer between the active layer and the gate electrode, and a
second insulating layer between the gate electrode and the
source and drain electrodes; a pad electrode including a first
pad layer on a same layer as the source and drain electrodes,
and a second pad layer on the first pad layer; a third insulating
layer covering the source and drain electrodes and both edges
of the pad electrode and having an opening, the pixel elec-
trode being in the opening; and a pixel defining layer having
an opening at a location corresponding to the opening in the
third insulating layer, the pixel defining layer covering both
edges of the pixel electrode.

[0016] The organic light-emitting display apparatus may
further include: a capacitor including a first electrode on a
same layer as the active layer; a second electrode on a same
layer as the gate electrode; and a third electrode on a same
layer as the source and drain electrodes.

[0017] The pixel electrode may include a transparent con-
ductive oxide layer and a semi-transmissive metal layer
including silver (Ag) or a silver alloy, and the opposing elec-
trode may include a reflective metal layer.

[0018] The second insulating layer may have an opening at
a region corresponding to the opening included in the third
insulating layer, wherein the opening in the second insulating
layer, the opening in the third insulating layer, and the open-
ing in the pixel defining layer overlap with each other, and
wherein the opening in the third insulating layer is larger than
the opening in the pixel defining layer and is smaller than the
opening in the second insulating layer.

[0019] An end portion of the pixel electrode may be onatop
surface of the third insulating layer.

[0020] The third insulating layer may have a contact hole to
electrically couple the pixel electrode with the source elec-
trode or the drain electrode, wherein a first contact layer is
electrically coupled to the source electrode or the drain elec-
trode, and a second contact layer is on the first contact layer
and includes a same material as that of the second pad layer,
the first and second contact layers being disposed at a lower
portion of the contact hole, wherein a portion of the pixel
electrode is at the contact hole, and wherein the pixel elec-
trode and the second contact layer are directly connected to
each other.

[0021] According to one or more embodiments of the
present invention, a method of manufacturing an organic
light-emitting display apparatus includes: forming a pixel
electrode on a substrate; forming an insulating material on the
pixel electrode; forming a protection insulating layer by
removing the insulating material except for a region at which
an environmental element is located; forming an intermediate
layer on the pixel electrode and the environmental element;
and forming an opposing electrode on the intermediate layer.
[0022] The method may further include: after the forming
of the pixel electrode, forming a pixel defining layer having
an opening exposing a portion of the pixel electrode, wherein
the forming of the insulating material includes forming the
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insulating material on the pixel defining layer and on the
portion of the pixel electrode exposed by the pixel defining
layer.

[0023] Theinsulating material may be formed of polyimide
(PD), silicon oxide, and/or silicon nitride.

[0024] The insulating material may have a thickness in a
range of about 700 A to about 1000 A.

[0025] The insulating material may be formed by printing.
[0026] The intermediate layer and the opposing electrode
may be formed by vapor deposition.

[0027] The protection insulating layer may be formed by
removing the insulating material by plasma treatment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] These and/or other aspects of the present invention
will become apparent and more readily appreciated from the
following description of the embodiments, taken in conjunc-
tion with the accompanying drawings in which:

[0029] FIG. 1 is a schematic cross-sectional view of an
organic light-emitting display apparatus according to an
embodiment of the present invention;

[0030] FIGS. 2 through 7 are schematic cross-sectional
views sequentially explaining a method of manufacturing the
organic light-emitting display apparatus shown in FIG. 1,
according to an embodiment of the present invention;
[0031] FIG. 8 is a schematic cross-sectional view of an
organic light-emitting apparatus according to another
embodiment of the present invention,;

[0032] FIG. 9 is a schematic cross-sectional view of an
organic light-emitting apparatus according to another
embodiment of the present invention; and

[0033] FIG. 10 is a schematic cross-sectional view of an
organic light-emitting apparatus according to another
embodiment of the present invention.

DETAILED DESCRIPTION

[0034] Reference will now be made in detail to embodi-
ments, examples of which are illustrated in the accompanying
drawings, wherein like reference numerals refer to like ele-
ments throughout. In this regard, the present embodiments
may have different forms and should not be construed as
being limited to the descriptions set forth herein. Accord-
ingly, the embodiments are merely described below, by refer-
ring to the figures, to explain aspects of the present descrip-
tion.

[0035] Example embodiments of the present invention will
be described below in more detail with reference to the
accompanying drawings. Throughout the disclosure, like ref-
erence numerals refer to like parts, and a redundant descrip-
tion thereof may be omitted.

[0036] It will be understood that although the terms “first”,
“second”, etc. may be used herein to describe various com-
ponents, these components should not be limited by these
terms. These components are only used to distinguish one
component from another.

[0037] As used herein, the singular forms “a,” “an,” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise.

[0038] It will be further understood that the terms “com-
prises” and/or “comprising” used herein specify the presence
of stated features or components, but do not preclude the
presence or addition of one or more other features or compo-
nents.
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[0039] Tt will be understood that when a layer, region, or
component is referred to as being “formed on” another layer,
region, or component, it may be directly or indirectly formed
on the other layer, region, or component. That is, for example,
intervening layers, regions, or components may also be
present.

[0040] Sizes of elements in the drawings may be exagger-
ated for convenience of explanation. In other words, because
sizes and thicknesses of components in the drawings are
arbitrarily illustrated for convenience of explanation, the fol-
lowing embodiments are not limited thereto. Expressions
such as “at least one of,” when preceding a list of elements,
modify the entire list of elements and do not modify the
individual elements of the list. Further, the use of “may” when
describing embodiments of the present invention relate to
“one or more embodiments of the present invention.”

[0041] FIG. 1 is a schematic cross-sectional view of an
organic light-emitting display apparatus 100 according to an
embodiment of the present invention.

[0042] Referring to FIG. 1, the organic light-emitting dis-
play apparatus 100 of the present embodiment includes a
pixel electrode 131 disposed on a substrate 110, an environ-
mental element 160 disposed on the pixel electrode 131, a
protection insulating layer 150 disposed between the pixel
electrode 131 and the environmental element 160 and dis-
posed at a region of the pixel electrode 131 corresponding to
the environmental element 160, an opposing electrode 133
disposed to face (e.g., directly face) the pixel electrode 131,
and an intermediate layer 132 disposed between the pixel
electrode 131 and the opposing electrode 133 and including
an organic emission layer.

[0043] An insulating layer 120 may be disposed between
the substrate 110 and the pixel electrode 131.

[0044] The pixel electrode 131 may be configured as a
transparent or semitransparent electrode that transmits light
emitted from the organic emission layer included in the inter-
mediate layer 132 and may include a transparent conductive
oxide, such as indium tin oxide (ITO), indium zinc oxide
(1Z0), zinc oxide (ZnO), indium oxide (e.g., In,0;), indium
gallium oxide (IGO), and/or aluminum zinc oxide (AZO).
[0045] The pixel electrode 131 may further include a semi-
transmissive metal layer, in addition to the transparent con-
ductive oxide. The semitransparent metal layer may be silver
(Ag), magnesium (Mg), aluminum (Al), platinum (Pt), palla-
dium (Pd), gold (Au), nickel (Ni), neodymium (Nd), iridium
(Ir), chromium (Cr), lithium (L1i), calcium (Ca), and/or ytter-
bium (Yb), and may be formed of a thin film that has a
thickness in a range of about 100 A to about 300 A.

[0046] The pixel electrode 131 may have a structure in
which the transparent electrode, the semi-transmissive metal
layer, and the transparent electrode are stacked (e.g., sequen-
tially stacked).

[0047] Theenvironmental element 160 may be disposed on
the pixel electrode 131 and may be an impurity particle pro-
vided (e.g., introduced) when the organic light-emitting dis-
play apparatus 100 is manufactured. For example, the envi-
ronmental element 160 may be a microscopic particle
introduced from an external environment (for example, dust,
mote, etc.), a microscopic particle introduced from manufac-
turing equipment related to the organic light-emitting display
apparatus 100, a microscopic particle introduced from other
layers (for example, the substrate 110, the insulating layer
120, etc.) included in the organic light-emitting display appa-
ratus 100, or the like.
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[0048] The environmental element 160 may have various
components (that is, the environmental element 160 have
various compositions), such as various organic materials,
inorganic materials, combinations of organic and inorganic
materials, or the like.

[0049] Although the environmental element 160 shown in
FIG. 1 is a spherical particle for convenience of illustration,
the shape of the environmental element 160 is not limited
thereto.

[0050] The intermediate layer 132 includes the organic
emission layer and may further include at least one of a hole
injection layer (HIL), a hole transport layer (HTL), an elec-
tron transport layer (ETL), and an electron injection layer
(EIL). However, the embodiment of the present invention is
not limited thereto, and the intermediate layer 132 may
include the organic emission layer and may further include
various function (e.g., functional) layers.

[0051] The organic emission layer included in the interme-
diate layer 132 may include an organic material that emits a
red color, a green color, or a blue color. However, the embodi-
ment of the present invention is not limited thereto, and the
organic emission layer may emit white light. In this case, the
intermediate layer 132 may have a stacked structure of light-
emitting material emitting red light, light-emitting material
emitting green light, and light-emitting material emitting blue
light, and may have a combined structure of the light-emitting
material emitting red light, the light-emitting material emit-
ting green light, and the light-emitting material emitting blue
light.

[0052] Thered color, the green color, and the blue color are
provided as examples, and the present invention is not limited
thereto. In other words, other, various suitable color combi-
nations other than the combination ofthe red, green, and blue
colors may be used as long as the combinations can emit
white light.

[0053] The opposing electrode 133 may be configured as a
reflective electrode and may include aluminum (Al), magne-
sium (Mg), lithium (L), calcium (Ca), lithium fluoride/cal-
cium (LiF/Ca), and/or lithium fluoride/aluminum (LiF/Al).
[0054] Therefore, the organic light-emitting display appa-
ratus 100 according to the present embodiment may be a
bottom emission display apparatus in which light emitted
from the intermediate layer 132 is reflected by the opposing
electrode 133, transmits through the pixel electrode 131, and
is emitted in a direction of the substrate 110 (see the arrow in
FIG. 1).

[0055] When the pixel electrode 131 includes the semi-
transmissive metal layer, the semi-transmissive metal layer
and the opposing electrode 133 may form a microcavity struc-
ture, thereby increasing light efficiency and color purity of the
organic light-emitting display apparatus 100.

[0056] The organic light-emitting display apparatus 100 of
the present embodiment includes the protection insulating
layer 150 disposed between the pixel electrode 131 and the
environmental element 160.

[0057] That is, the protection insulating layer 150 may be
disposed only at a region of the pixel electrode 131 at which
the environmental element 160 is disposed. A width wa of the
environmental element 160 and a width wb of the protection
insulating layer 150 may be substantially same.

[0058] In this regard, the width wa of the environmental
element 160 is a width of a largest cross-sectional region of
the environmental element 160. For example, when the envi-
ronmental element 160 is spherical, a diameter of a sphere
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may be substantially similar to or the same as the width wa of
the environmental element 160.

[0059] The environmental element 160 may be a particle
having an average particle diameter equal to or less than about
5 um, for example, between about 1 pm and about 5 um, but
is not limited thereto.

[0060] When the environmental element 160 is provided on
the pixel electrode 131, the protection insulating layer 150 of
the present embodiment may prevent the pixel electrode 131
and the opposing electrode 133 from being shorted (e.g., from
contacting one another).

[0061] When there is no protection insulating layer 150 and
when the environmental element 160 on the pixel electrode
131 is thicker than the intermediate layer 132, the environ-
mental element 160 is not sufficiently covered by the inter-
mediate layer 132, and a region in which the intermediate
layer 132 and the opposing electrode 133 are separated (e.g,,
disconnected or cut) may be generated due to a step difference
created by the environmental element 160.

[0062] The opposing electrode 133 including aluminum
(Al) may diffuse in the separated region (e.g., the cut region)
toward the intermediate layer 132 and the pixel electrode 131.
Thus, the pixel electrode 131 and the opposing electrode 133
may short or contact one another, which causes a phenom-
enon in which a corresponding sub pixel does not emit light,
i.e., a dark spot.

[0063] However, the organic light-emitting display appara-
tus 100 of the present embodiment includes the protection
insulating layer 150 that may block a diffusion path of the
opposing electrode 133 and prevent the pixel electrode 131
and the opposing electrode 133 from being shorted. Thus, the
phenomenon of the dark spot due to the environmental ele-
ment 160 may be prevented.

[0064] The protection insulating layer 150 may include an
organic material, such as polyimide (PI), and/or an inorganic
material, such as silicon oxide (e.g., SiO,) or silicon nitride
(e.g., Si;N,). However, the present invention is not limited
thereto, and the protection insulating layer 150 may include
any suitable materials as long as they are insulating materials
resistant to moisture.

[0065] The protection insulating layer 150 may have a
thickness in arange of about 700 A to about 1000 A. When the
protection insulating layer 150 is formed having a thickness
less than 700 A, the diffusion path of the opposing electrode
133 may not be sufficiently or completely blocked, and, when
the protection insulating layer 150 is formed having a thick-
ness greater than 1000 A, the step difference may be greatly
increased and removal of the protection insulation layer 150
by plasma treatment may not be easy.

[0066] A separated region (e.g., a cut region) may be
included in the intermediate layer 132, and the opposing
electrode 133 of the organic light-emitting display apparatus
100 ofthe present embodiment due to step differences created
by the protection insulting layer 150 and the environmental
element 160. That is, a separated region 1324 (e.g., a sepa-
rated portion) of the intermediate layer 132 and a separated
region 133a (e.g., a separated portion) of the opposing elec-
trode 133 may be disposed on the protection insulting layer
150 and the environmental element 160.

[0067] Therefore, no voltage is applied to the region 133a
of the opposing electrode 133 disposed on environmental
element 160, and thus, no light may emit from the region 132a
of the intermediate layer 132 corresponding to the region
133a of the opposing electrode 133. However, a region from
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whichno light emits is a relatively very small region, and light
emits from a region in which the environmental element 160
is not disposed, and thus a phenomenon in which entire cor-
responding sub pixels do not emit light is prevented.

[0068] FIGS. 2 through 7 are schematic cross-sectional
views sequentially explaining a method of manufacturing the
organic light-emitting display apparatus 100 shown in FIG. 1
according to an embodiment of the present invention.

[0069] Referring to FIG. 2, the insulating layer 120 and the
pixel electrode 131 are formed on the substrate 110. The pixel
electrode 131 may be formed by forming a pixel electrode
material utilizing a deposition process or a sputtering process
and patterning the pixel electrode material by utilizing a
photolithography process.

[0070] The pixel electrode 131 may be configured as a
transparent electrode or a semi-transparent electrode, may
include a transparent conductive oxide, and may further
include a semi-transmissive metal layer used to form a micro-
cavity structure with the opposing electrode 133 shown in
FIG. 1.

[0071] Referring to FIG. 3, a pixel defining layer 140 that
includes an opening C5 exposing a part of the pixel electrode
131 and covers both ends of the pixel electrode 131 is formed
on the pixel electrode 131.

[0072] The pixel defining layer 140 functions to define a
pixel region from which light is emitted and may be formed as
an organic insulating layer.

[0073] Referring to FIG. 4, an insulating material 150" used
to form the protection insulating layer 150 of FIG. 5 is coated
on the pixel defining layer 140 and the pixel electrode 131 that
is exposed by the opening C5 formed in the pixel defining
layer 140. The insulating material 150' may be a material
resistant to moisture, such as an organic material such as
polyimide (PI) or an inorganic material such as silicon oxide
or silicon nitride.

[0074] The insulating material 150" may be formed by uti-
lizing a printing process, but the present invention is not
limited thereto. The insulating material 150' may be formed
by utilizing other, suitable methods.

[0075] Theinsulating material 150" may have a thickness in
a range of about 700 A to about 1000 A.

[0076] After the insulating material 150" is formed, the
substrate 110 on which the pixel electrode 131 and the insu-
lating material 150' are formed goes through processes
including separation, chamfering, washing, curing, etc.

[0077] During any of the above processes, the environmen-
tal element 160 may be introduced or attached to the insulat-
ing material 150". The environmental element 160 may not be
removed by the washing process.

[0078] Referring to FIG. 5, the protection insulating layer
1501s formed by removing the insulating material 150' except
for a region at which the environmental element 160 is dis-
posed. Thus, the width wa of the environmental element 160
and the width wb of the protection insulating layer 150 may
be substantially the same, within a processing error or toler-
ance range.

[0079] The insulating material 150" may be removed by a
plasma treatment process. Plasma treatment is generally per-
formed before the intermediate layer 132 shown in FIG. 6 is
formed, and thus no additional process is necessary for
removing the protection insulating layer 150' of the present
embodiment, thereby simplifying a manufacturing process.
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[0080] Referring to FIG. 6, the intermediate layer 132 is
formed on the pixel electrode 131 and the environmental
element 160.

[0081] The intermediate layer 132 may be formed by uti-
lizing a vapor deposition process. When a step difference
between the region at which the environmental element 160 is
disposed and a region at which the environmental element
160 is not disposed is great, due to, for example, a large size
of the environmental element 160, the intermediate layer 132
may include a separated region (e.g., a cut region).

[0082] That is, the separated region 132« of the intermedi-
ate layer 132 may be disposed on the environmental element
160.

[0083] Referring to FIG. 7, the opposing electrode 133 is
formed on the intermediate layer 132.

[0084] The opposing electrode 133 may be formed by uti-
lizing the vapor deposition process, and may include a sepa-
rated region (e.g., a cut region) similar to the intermediate
layer 132. In this regard, the separated region 133a of the
opposing electrode 133 may be formed to cover the separated
region 132a of the intermediate layer 132.

[0085] The organic light-emitting display apparatus 100 of
the present embodiment includes the protection insulating
layer 150 blocking a path (e.g., a short circuit path) from the
pixel electrode 131 through the separated regions of the inter-
mediate layer 132 and the opposing electrode 133 due to
diffusion of a material included in the opposing electrode
133, thereby preventing a phenomenon in which a dark spot is
generated (that is, the protection insulating layer 150 prevents
the opposing electrode 133 from contacting or shorting the
pixel electrode 131).

[0086] FIG. 8 is a schematic cross-sectional view of an
organic light-emitting apparatus 200 according to another
embodiment of the present invention.

[0087] Referring to FIG. 8, the organic light-emitting appa-
ratus 200 of the present embodiment includes a pixel elec-
trode 231 disposed on a substrate 210, environmental ele-
ments 261 and 262 disposed on the pixel electrode 231,
protection insulating layers 251 and 252 disposed between
the pixel electrode 231 and the environmental elements 261
and 262 and respectively disposed at regions of the pixel
electrode 231 corresponding to the environmental elements
261 and 262, an opposing electrode 233 disposed to face the
pixel electrode 231, and an intermediate layer 232 disposed
between the pixel electrode 231 and the opposing electrode
233 and including an organic emission layer.

[0088] An insulating layer 220 may be disposed between
the substrate 210 and the pixel electrode 231.

[0089] The environmental elements 261 and 262 may be
disposed on or introduced to the pixel electrode 231. The
environmental elements 261 and 262 may have different sizes
and include materials different from each other.

[0090] Theprotection insulating layers 251 and 252 may be
disposed between the pixel electrode 231 and the environ-
mental elements 261 and 262, respectively.

[0091] The protection insulating layers 251 and 252 may
have substantially the same widths as those of the environ-
mental elements 261 and 262 that are respectively disposed
on the protection insulating layers 251 and 252.

[0092] The intermediate layer 232 and the opposing elec-
trode 233 may include a separated region (e.g., a cut region).
A separated region 232a (e.g., a separated portion) of the
intermediate layer 232 and a separated region 233a (e.g., a
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separated portion) of the opposing electrode 233 may be
disposed on the environmental element 262.

[0093] When a size of the environmental element 261 is
relatively small, the intermediate layer 232 and the opposing
electrode 233 may not be separated or cut due to the environ-
mental element 261. In this case, light may be emitted from
the intermediate layer 232 corresponding to a region at which
the environmental element 261 is disposed.

[0094] The other elements are substantially the same as or
substantially similar to those of the organic light-emitting
apparatus 100 of FIG. 1, and thus descriptions thereof are
omitted.

[0095] FIG. 9 is a schematic cross-sectional view of an
organic light-emitting apparatus 300 according to another
embodiment of the present invention.

[0096] Referring to FIG. 9, the organic light-emitting appa-
ratus 300 of the present embodiment includes a pixel elec-
trode 331 disposed on a substrate 310, an environmental
element 360 disposed on the pixel electrode 331, a protection
insulating layer 350 disposed between the pixel electrode 331
and the environmental element 360 and disposed at a region
of the pixel electrode 331 corresponding to the environmental
element 360, an opposing electrode 333 disposed to face the
pixel electrode 331, and an intermediate layer 332 disposed
between the pixel electrode 331 and the opposing electrode
333 and including an organic emission layer.

[0097] An insulating layer 320 may be disposed between
the substrate 310 and the pixel electrode 331.

[0098] The pixel electrode 331 may be configured as a
reflective electrode that reflects light emitted from the organic
emission layer included in the intermediate layer 332 and
may include a reflective layer including Al, Mg, Al, Pt, Pd,
Au, Ni, Nd, Ir, Cr or compounds thereof. The pixel electrode
331 may also include a transparent or semi-transparent elec-
trode layer formed on the reflective layer.

[0099] The transparent or semi-transparent electrode layer
may include indium tin oxide (ITO), indium zinc oxide (170),
zinc oxide (Zn0O), indium oxide (e.g., In,0,), indium gallium
oxide (IGO), and/or aluminum zinc oxide (AZO).

[0100] Theenvironmental element 360 may be disposed on
or introduced to the pixel electrode 331. The protection insu-
lating layer 350 may be disposed between the environmental
element 360 and the pixel electrode 331.

[0101] The intermediate layer 332 includes the organic
emission layer and may further include at least one of a hole
injection layer (HIL), a hole transport layer (HTL), an elec-
tron transport layer (ETL), and an electron injection layer
(EIL). The present embodiment of the present invention is not
limited thereto, and the intermediate layer 332 may include
the organic emission layer and may further include various
function (e.g., functional) layers.

[0102] The opposing electrode 333 may be configured as a
semi-transmissive electrode, may include Ag, Al, Mg, L1, Ca,
Cu, LiF/Ca, LiF/Al, magnesium/silver (Mg/Ag), and/or cal-
cium/silver (Ca/Ag), and may be formed as a thin film having
a thickness in a range of several nm through several tens nm.

[0103] Therefore, the organic light-emitting apparatus 300
of the present embodiment may be a top emission display
apparatus in which light emitted from the intermediate layer
332 is reflected by the pixel electrode 331 and is emitted in a
direction of the opposing electrode 333 (see the arrow in FIG.
9).
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[0104] The other elements are substantially the same as or
substantially similar to those of the organic light-emitting
apparatus 100 shown in FIG. 1, and thus descriptions thereof
are omitted.

[0105] FIG. 10 is a schematic cross-sectional view of an
organic light-emitting apparatus 400 according to another
embodiment of the present invention.

[0106] Referring to FIG. 10, the organic light-emitting
apparatus 400 of the present embodiment includes a pixel
region PXL including an intermediate layer 432 disposed on
a substrate 410, a transistor region TR including at least one
thin film transistor, a capacitor region CAP including at least
one capacitor, and a pad region PAD.

[0107] The substrate 410 may be a glass substrate or a
plastic substrate. A buffer layer 421 may be disposed on the
substrate 410.

[0108] An active layer 212 of the thin film transistor is
disposed at the transistor region TR and provided on the
buffer layer 421. The active layer 212 may be formed to
include various materials. For example, the active layer 212
may include an inorganic semiconductor material, such as
amorphous silicon or crystalline silicon. In this case, the
active layer 212 may include a channel region 212¢,a source
region 212a, and a drain region 2125. The source region 212a
and the drain region 2125 are disposed at both edges of the
channel region 212¢ and are doped with ion impurities. As
another example, the active layer 212 may include an oxide
semiconductor. As another example, the active layer 212 may
include an organic semiconductor material.

[0109] A gateelectrode 215 is disposed on a first insulating
layer 423 at a location corresponding to the channel region
212¢ of the active layer 212. The first insulating layer 423 is
a gate insulating film disposed between the gate electrode 215
and the active layer 212. The gate electrode 215 may have a
single layer structure or a multilayer structure including alu-
minum (Al), platinum (Pt), palladium (Pd), silver (Ag), mag-
nesium (Mg), gold (Au), nickel (Ni), neodymium (Nd), iri-
dium (Ir), chromium (Cr), lithium (Li), calcium (Ca),
molybdenum (Mo), titanium (T1), tungsten (W), and/or cop-
per(Cu).

[0110] A source electrode 217a and a drain electrode 2175
that are respectively connected to the source region 212a and
the drain region 2125 of the active layer 212 are disposed on
a second insulating layer 426. The second insulating layer
426 is an interlayer insulating film disposed between the gate
electrode 215 and the source and drain electrodes 217a and
217b. Each of the source electrode 217a and the drain elec-
trode 2175 may have a structure of two or more heteroge-
neous metal layers having electron mobilities different from
each other. For example, each of the source electrode 217a
and the drain electrode 2175 may have a structure of two or
more layers including a metal, suchas Al, Pt, Pd, Ag, Mg, Au,
Ni, Nd, Ir, Cr, Li, Ca, Mo, Ti, W, Cu, and/or alloys of these
metal materials.

[0111] A third insulating layer 429 is provided on the sec-
ond insulating layer 426 to cover the source electrode 2174
and the drain electrode 2175.

[0112] The first insulating layer 423 and the second insu-
lating layer 426 may be configured as single-layer or multi-
layer inorganic insulating layers. The third insulating layer
429 may be configured as an organic insulating layer.
[0113] A pixel defining layer 440 is disposed on the third
insulating layer 429. The pixel defining layer 440 may be
configured as an organic insulating layer.
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[0114] The buffer layer 421 and the first insulating layer
423 are disposed on the substrate 410 in the pixel region PXL.
A pixel electrode 431 is disposed on the first insulating layer
423 at the pixel region PXL.

[0115] Thepixel electrode 431 is disposed in an opening C2
formed in the third insulating layer 429. The pixel defining
layer 440 including an opening CS5, formed in a location
corresponding to the opening C2 included in the third insu-
lating layer 429, is disposed at both edges of the pixel elec-
trode 431.

[0116] Thesecondinsulating layer 426 includes an opening
C1 formed at a location corresponding to the opening C2
included in the third insulating layer 429. The opening C1
included in the second insulating layer 426, the opening C2
included in the third insulating layer 429, and the opening C5
included in the pixel defining layer 440 are formed to overlap
with each other. The opening C2 included in the third insu-
lating layer 429 may be larger than the opening C5 included
in the pixel defining layer 440 and may be smaller than the
opening C1 included in the second insulating layer 426.
[0117] Anend portion of the pixel electrode 431 is disposed
on a top surface of the third insulating layer 429 and is
covered by the pixel defining layer 440. A part of the pixel
electrode 431 is exposed by the pixel defining layer 440.
[0118] Thethird insulating layer 429 may include a contact
hole C3 that electrically couples (e.g., electrically connects)
the pixel electrode 431 to the source electrode 217a or the
drain electrode 217b. A case where the pixel electrode 431 is
electrically coupled to (e.g., electrically connected to) the
drain electrode 2175 is illustrated in the embodiment shown
in FIG. 10.

[0119] That is, a first contact layer 417 extending from the
drain electrode 2176 and a second contact layer 418 provided
on the first contact layer 417 are disposed at a lower portion of
the contact hole C3. The pixel electrode 431 disposed in the
contact hole C3 is directly connected to (e.g., contacts) the
second contact layer 418 and is electrically coupled to (e.g.,
electrically connected to) the drain electrode 2176.

[0120] The pixel electrode 431 may include a semi-trans-
missive metal layer 4315. The pixel electrode 431 may further
include transparent conductive oxide layers 431a and 431c¢
that are respectively formed at lower and upper portions of the
semi-transmissive metal layer 4315 and protect the semi-
transmissive metal layer 4315.

[0121] The semi-transmissive metal layer 4315 may be
formed of silver (Ag) or a silver alloy. The semi-transmissive
metal layer 4315 forms a microcavity structure with an
opposing electrode 433 (e.g., a reflective electrode) that will
be further described later, thereby increasing light efficiency
and color purity of the organic light-emitting display appara-
tus 400.

[0122] An environmental element 460 may be disposed on
the pixel electrode 431 exposed by the opening C5 included in
the pixel defining layer 440. The environmental element 460
may have various components (i.e., may include various
materials), such as various organic materials, inorganic mate-
rials, combinations of organic and inorganic materials, or the
like

[0123] The organic light-emitting display apparatus 400 of
the present embodiment includes a protection insulating layer
450 disposed between the pixel electrode 431 and the envi-
ronmental element 460.

[0124] That is, the protection insulating layer 450 may be
disposed only at a region of the pixel electrode 431 on which
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the environmental element 460 is disposed. A width of the
environmental element 460 and a width of the protection
insulating layer 450 may be substantially the same.

[0125] Whenthe environmental element 460 is provided on
the pixel electrode 431, the protection insulating layer 450 of
the present embodiment may prevent the pixel electrode 431
and the opposing electrode 433 from being shorted (that is,
may prevent the pixel electrode 431 and the opposing elec-
trode 433 from contacting each other).

[0126] When the protection insulating layer 450 is not
present or formed and when the environmental element 460
that is thicker than the intermediate layer 432 is provided, the
environmental element 460 is not sufficiently covered by the
intermediate layer 432, and a region in which the intermediate
layer 432 and the opposing electrode 433 are separated (e.g,,
cut) may be generated.

[0127] The opposing electrode 433, including aluminum
(Al), may diffuse into the separated region (e.g., the cut
region) toward the intermediate layer 432 and the pixel elec-
trode 431. Thus, the pixel electrode 431 and the opposing
electrode 433 may be shorted (that is, the pixel electrode 431
and the opposing electrode 433 may contact each other),
which causes a phenomenon in which a corresponding sub
pixel does not emit light, i.e., a dark spot.

[0128] However, the organic light-emitting display appara-
tus 400 of the present embodiment includes the protection
insulating layer 450 that may block a diffusion path of the
opposing electrode 433 and prevents the pixel electrode 431
and the opposing electrode 433 from being shorted with each
other. Thus, the phenomenon of the dark spot due to the
environmental element 460 may be prevented.

[0129] The intermediate layer 432 may be disposed on the
pixel electrode 431 and the environmental element 460. The
intermediate layer 432 includes an organic emission layer and
may further include at least one of aHIL, aHTL, an ETL, and
an EIL. The embodiment of the present invention is not lim-
ited thereto, and the intermediate layer 432 may include the
organic emission layer and further various function (e.g.,
functional) layers.

[0130] Although the intermediate layer 432 is disposed
only at a bottom of the opening C5 included in the pixel
defining layer 440 shown in FIG. 10, this is for convenience of
illustration and the present invention is not limited thereto.
That is, the organic emission layer included in the intermedi-
ate layer 432 may be extended and formed at a top surface of
the pixel defining layer 440 along an etch surface of the
opening C5 included in the pixel defining layer 440 as well as
at the bottom of the opening C5. Function layers included in
the intermediate layer 432 may be extended to other pixels.
[0131] The opposing electrode 433 may be disposed on the
intermediate layer 432.

[0132] The opposing electrode 433 may be configured as a
reflective electrode including a reflective material, and may
include Al, Mg, Li, Ca, LiF/Ca, and/or LiF/Al.

[0133] Therefore, the organic light-emitting display appa-
ratus 400 of the present embodiment may be a bottom emis-
sion display apparatus in which light emitted from the inter-
mediate layer 432 is reflected by the opposing electrode 433,
transmits through the pixel electrode 431, and is emitted in a
direction of the substrate 410.

[0134] The intermediate layer 432 and the opposing elec-
trode 433 may each include a separated region (e.g., a cut
region) due to step differences created by the protection
insulting layer 450 and the environmental element 460. That
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is, a separated region 432a (e.g.. a separated portion) of the
intermediate layer 432 and a separated region 433q (e.g., a
separated portion) of the opposing electrode 433 may be
disposed on the protection insulting layer 450 and the envi-
ronmental element 460.

[0135] Therefore, no voltage is applied to the region 433a
of the opposing electrode 433 disposed on the environmental
element 460, and thus no light may emit from the region 432a
of the intermediate layer 432 corresponding to the region
433a of the opposing electrode 433. However, a region from
whichno light emits is a relatively very small region, and light
emits from a region in which the environmental element 460
is not disposed, and thus a phenomenon in which entire cor-
responding sub pixels do not emit light is prevented.

[0136] Thebufferlayer421 is disposed on the substrate 410
in the capacitor region CAP. A capacitor including a first
electrode 312 disposed on the same layer as the active layer
212, asecond electrode 314 disposed on the same layer as the
gate electrode 215, and a third electrode 317 disposed on the
same layer as the source electrode 217¢ and the drain elec-
trode 217b s provided on the buffer layer 421 in the capacitor
region CAP.

[0137] The first electrode 312 of the capacitor may be
formed as a semiconductor doped with ion impurities, similar
to (or like) the source area 2124 and the drain area 2125 of the
active layer 212.

[0138] The second electrode 314 of the capacitor is dis-
posed on the first insulating layer 423 in the same layer as the
gate electrode 215, whereas materials of the second electrode
314 and the gate electrode 215 are different from each other.
The material of the second electrode 314 may include the
transparent conductive oxide. lon impurities are doped on the
first electrode 312 through the second electrode 314, thereby
forming the capacitor having a metal-insulator-metal (MIM)
structure.

[0139] The third electrode 317 of the capacitor may be
formed of the same material as those of the source electrode
217a and the drain electrode 2175. A plurality of capacitors
that are connected in parallel to each other are formed by
using the first electrode 312, the second electrode 314, and the
third electrode 317, thereby increasing a capacitance of the
organic light-emitting display apparatus 400 without increas-
ing an area of the capacitor. Thus, the area of the capacitor
may be reduced as the capacitance increases, thereby increas-
ing an aperture ratio.

[0140] A first pad layer 517 and a second pad layer 518 are
disposed on the second insulating layer 426 in the pad region
PAD.

[0141] The first pad layer 517 may include a plurality of
metal layers having electron mobilities different from each
other like the source electrode 217a and drain electrode 2175.
For example, the first pad layer 517 may have a multilayer
structure including one or more metal materials, such as
aluminum (Al), platinum (Pt), palladium (Pd), silver (Ag),
magnesium (Mg), gold (Au), nickel (Ni), neodymium (Nd),
iridium (Ir), chromium (Cr), lithium (Li), calcium (Ca),
molybdenum (Mo), titanium (T1), tungsten (W), and/or cop-
per(Cu).

[0142] The second pad layer 518 may be formed of a trans-
parent conductive oxide and may prevent the first pad layer
517 from being exposed to moisture and oxygen, thereby
preventing a deterioration of reliability of a pad. The second
pad layer 518 may be formed of the same material and on the
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same layer as that of the second contact layer 418 disposed at
the lower portion of the contact hole C3.

[0143] The first pad layer 517 is not exposed to an etchant
during a process of etching the pixel electrode 431 because
the second pad layer 518 that is a protection layer is formed on
an upper portion of the first pad layer 517.

[0144] Moreover, end portions of the first pad layer 517 that
are sensitive to an external environment including, for
example, moisture or oxygen, are covered by the third insu-
lating layer 429, and thus, the end portions of the first pad
layer 517 are not also exposed to the etchant during the
process of etching the pixel electrode 431.

[0145] Meanwhile, the organic light-emitting display appa-
ratus 400 according to the present embodiment may further
include a sealing member that seals (e.g., that is configured to
seal) a display region including the pixel region PXL, the
transistor region TR, and the capacitor region CAP. The seal-
ing member may be formed as a substrate including, for
example, a glass member, a plastic member, a metal film, ora
thin film encapsulation formed by alternately disposing an
organic insulating film and an inorganic insulating film.
[0146] As described above, aspects of the one or more of
the above embodiments of the present invention provide the
organic light-emitting display apparatus and method of
manufacturing the same that may reduce or prevent dark spot
generation.

[0147] It should be understood that the example embodi-
ments described herein should be considered in a descriptive
sense only and not for purposes of limitation. Descriptions of
features or aspects within each embodiment should typically
be considered as available for other similar features or aspects
in other embodiments.

[0148] While one or more embodiments of the present
invention have been described 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
invention as defined by the following claims and their equiva-
lents.

What is claimed is:

1. An organic light-emitting display apparatus comprising:

a pixel electrode on a substrate;

an environmental element on the pixel electrode;

a protection insulating layer between the pixel electrode
and the environmental element and at a location corre-
sponding to the environmental element;

an opposing electrode facing the pixel electrode; and

an intermediate layer between the pixel electrode and the
opposing electrode and comprising an organic emission
layer.

2. The organic light-emitting display apparatus of claim 1,
wherein a width of the protection insulating layer is substan-
tially the same as that of the environmental element.

3. The organic light-emitting display apparatus of claim 1,
wherein the protection insulating layer is between the pixel
electrode and the intermediate layer.

4. The organic light-emitting display apparatus of claim 1,
wherein the protection insulating layer comprises polyimide
(PI), silicon oxide, and/or silicon nitride.

5. The organic light-emitting display apparatus of claim 1,
wherein the protection insulating layer has a thickness in a
range from about 700 A to about 1000 A.



US 2015/0084009 A1

6. The organic light-emitting display apparatus of claim 1,
wherein the opposing electrode and the intermediate layer
each comprise separated regions due to the environmental
element.

7. The organic light-emitting display apparatus of claim 1,
further comprising:

a thin film transistor electrically coupled to the pixel elec-
trode and comprising an active layer, a gate electrode, a
source electrode, a drain electrode, a first insulating
layer between the active layer and the gate electrode, and
a second insulating layer between the gate electrode and
the source and drain electrodes;

apad electrode comprising a first pad layer on a same layer
as the source and drain electrodes, and a second pad
layer on the first pad layer;

a third insulating layer covering the source and drain elec-
trodes and both edges of the pad electrode and having an
opening, the pixel electrode being in the opening; and

a pixel defining layer having an opening at a location
corresponding to the opening in the third insulating
layer, the pixel defining layer covering both edges of the
pixel electrode.

8. The organic light-emitting display apparatus of claim 7,

further comprising:

a capacitor comprising a first electrode on a same layer as
the active layer;

a second electrode on a same layer as the gate electrode;
and

a third electrode on a same layer as the source and drain
electrodes.

9. The organic light-emitting display apparatus of claim 7,
wherein the pixel electrode comprises a transparent conduc-
tive oxide layer and a semi-transmissive metal layer compris-
ing silver (Ag) or a silver alloy, and

wherein the opposing electrode comprises a reflective
metal layer.

10. The organic light-emitting display apparatus of claim 7,
wherein the second insulating layer has an opening ata region
corresponding to the opening in the third insulating layer,

wherein the opening in the second insulating layer, the
opening in the third insulating layer, and the opening in
the pixel defining layer overlap with each other, and

wherein the opening in the third insulating layer is larger
than the opening in the pixel defining layer and is smaller
than the opening in the second insulating layer.

11. The organic light-emitting display apparatus of claim
10, wherein an end portion of the pixel electrode is on a top
surface of the third insulating layer.
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12. The organic light-emitting display apparatus ofclaim 7,
wherein the third insulating layer has a contact hole to elec-
trically couple the pixel electrode with the source electrode or
the drain electrode,

wherein a first contact layer is electrically coupled to the

source electrode or the drain electrode, and a second
contact layer is on the first contact layer and comprises a
same material as that of the second pad layer, the first
and second contact layers being disposed at a lower
portion of the contact hole,

wherein a portion of the pixel electrode is at the contact

hole, and

wherein the pixel electrode and the second contact layer are

directly connected to each other.

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

forming a pixel electrode on a substrate;

forming an insulating material on the pixel electrode;

forming a protection insulating layer by removing the insu-

lating material except for a region at which an environ-
mental element is located;

forming an intermediate layer on the pixel electrode and

the environmental element; and

forming an opposing electrode on the intermediate layer.

14. The method of claim 13, further comprising:

after the forming of the pixel electrode, forming a pixel

defining layer having an opening exposing a portion of
the pixel electrode,

wherein the forming of the insulating material comprises

forming the insulating material on the pixel defining
layer and on the portion of the pixel electrode exposed
by the pixel defining layer.

15. The method of claim 13, wherein the insulating mate-
rial is formed of polyimide (PI), silicon oxide, and/or silicon
nitride.

16. The method of claim 13, wherein the insulating mate-
rial has a thickness in a range from about 700 A to about 1000
A

17. The method of claim 13, wherein the insulating mate-
rial is formed by printing.

18. The method of claim 13, wherein the intermediate layer
and the opposing electrode are formed by vapor deposition.

19. The method of claim 13, wherein the protection insu-
lating layer is formed by removing the insulating material by
plasma treatment.
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