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(57) ABSTRACT

An organic light-emitting display that includes a substrate
comprising a pixel area, a thin film transistor arranged
within the pixel area, a wiring electrically connected to the
a thin film transistor, an insulating layer covering the thin
film transistor and the wiring, a pixel electrode arranged
over the insulating layer, a pixel-defining layer having an
opening that exposes the pixel electrode, an opposite elec-
trode facing the pixel electrode and an organic emission
layer interposed between the pixel electrode and the oppo-
site electrode, the insulating layer having a first region that
is overlapped by the pixel electrode and a second region that
is not overlapped by the pixel electrode, the second region

HOIL 27/32 (2006.01) being thicker than the first region to reduce parasitic capaci-
HOIL 51/56 (2006.01) tance between the opposite electrode and the wiring.
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ORGANIC LIGHT-EMITTING DISPLAY AND
MANUFACTURING METHOD THEREOF

CLAIM OF PRIORITY

[0001] This application makes reference to, incorporates
the same herein, and claims all benefits accruing under 35
U.S.C. §119 from an application for ORGANIC LIGHT-
EMITTING DISPLAY AND MANUFACTURING
METHOD THEREOF earlier filed in the Korean Intellectual
Property Office on Nov. 12, 2015 and there duly assigned
Serial No. 10-2015-0159001.

BACKGROUND OF THE INVENTION

[0002] Field of the Invention

[0003] One or more exemplary embodiments relate to an
organic light-emitting display and a manufacturing method
thereof.

[0004] Description of the Related Art

[0005] An organic light-emitting display is a display
device in which each of pixels has an organic light-emitting
diode (OLED). The OLED includes a pixel electrode, an
opposite electrode, and an emission layer disposed between
the pixel electrode and the opposite electrode. In the case of
the organic light-emitting display, pixel electrodes have an
island shape pattern in each pixel, while the opposite elec-
trode has an integral shape over a plurality of pixels.
However, in an organic light-emitting display, a parasitic
capacitance that reduces image quality occurs between a
wiring provided to each pixel and the opposite electrode.

SUMMARY OF THE INVENTION

[0006] One or more exemplary embodiments include an
organic light-emitting display and a manufacturing method
thereof that has a structure capable of preventing a parasitic
capacitance between wiring and an opposite electrode and
preventing reduction in image quality due to the parasitic
capacitance. However, this object is exemplary and the
scope of the inventive concept is not limited by this.
[0007] 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 pre-
sented embodiments.

[0008] According to one aspect of the present invention,
there is provided an organic light-emitting display that
includes a substrate comprising a pixel area, a thin film
transistor arranged within the pixel area of the substrate, a
wiring electrically connected to the a thin film transistor, an
insulating layer covering the thin film transistor and the
wiring, a pixel electrode arranged over the insulating layer
and electrically connected to the thin film transistor, a
pixel-defining layer having an opening that exposes the pixel
electrode, an inner side facing the opening, and an outer side
arranged on an opposite side from the inner side and
covering an edge of the pixel electrode, an opposite elec-
trode facing the pixel electrode and an organic emission
layer interposed between the pixel electrode and the oppo-
site electrode, wherein the insulating layer includes a first
region that is overlapped by the pixel electrode and a second
region that is not overlapped by the pixel electrode, the
second region being thicker than the first region.

[0009] At least a part of the wiring may overlap the second
region of the insulating layer. The second region of the
insulating layer may include a protrusion configured to
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protrude toward the opposite electrode. An inclined surface
of the protrusion may extend towards the edge of the pixel
electrode. The protrusion may form an integral part with the
insulating layer and include a same material as the insulating
layer. The thin film transistor may include an active layer, a
gate electrode, a source electrode, and a drain electrode, the
wiring may be arranged within a layer between the gate
electrode and the pixel electrode. An upper surface of the
wiring may directly contact the insulating layer.

[0010] The organic light-emitting display may also
include a storage capacitor, the thin film transistor may
include a driving thin film transistor and a switching thin
film transistor, the storage capacitor may be electrically
connected to the driving thin film transistor and the switch-
ing thin film transistor, the wiring may be one of a data line,
a driving voltage line, and a connection line, the connection
line may be configured to connect the switching thin film
transistor to the storage capacitor. The organic light-emitting
display may also include a cavity interposed between the
edge of the pixel electrode and one edge of the pixel-
defining layer that covers the edge of the pixel electrode.

[0011] According to another aspect of the present inven-
tion, there is provided a method of manufacturing an organic
light-emitting display, including forming a driving thin film
transistor, a switching thin film transistor, and a wiring in a
pixel area on a substrate, forming an insulating layer com-
prising a first region having a first thickness and a second
region having a second thickness greater than the first
thickness, the insulating layer being configured to cover the
thin film transistors and the wiring, forming a conductive
material layer on the insulating layer, forming a first insu-
lating pattern layer on the conductive material layer, the first
insulating pattern layer overlapping the first region of the
insulating layer, forming the pixel electrode by patterning
the conductive material layer by using the first insulating
pattern layer as a mask, forming a second insulating pattern
layer on the pixel electrode and corresponding to an edge
portion of the pixel electrode, forming a pixel-defining layer
configured to cover an edge of the pixel electrode by
reflowing the second insulating pattern layer, forming an
organic emission layer on the pixel electrode and forming an
opposite electrode on the organic emission layer.

[0012] The first insulating pattern layer may include a first
region and a second region that is thicker than the first
region. The second insulating pattern layer may include an
opening that corresponds to the first region of the first
insulating pattern layer. The second insulating pattern layer
may be formed by removing a portion of the first insulating
pattern layer. The second insulating pattern layer may be
formed by ashing or developing the portion of the first
insulating pattern layer. The method may also include reduc-
ing a thickness of the second region of the insulating layer
from a second thickness to a third thickness by removing an
upper portion of the second region of the insulating layer.
The removing of the upper portion of the second region of
the insulating layer may be performed simultaneous to the
forming the second insulating pattern layer. The method may
also include forming a protrusion which has an inclined
surface in the second region of the insulating layer by
performing a reflow process. The forming of the pixel-
defining layer may occur simultaneously and from a same
reflow process as the forming of the protrusion. The inclined
surfaces may extend toward the edge of the pixel electrode.
The method may also include forming a storage capacitor
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electrically connected to the driving thin film transistor and
the switching thin film transistor, the wiring may include at
least one of a data line, a driving voltage line, and a
connection line, the connection line may be configured to
connect the switching thin film transistor to the storage
capacitor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] A more complete appreciation of the invention, and
many of the attendant advantage thereof, will be readily
apparent as the same becomes better understood by refer-
ence to the following detailed description when considered
in conjunction with the accompanying drawings, in which
like reference symbols indicate the same or similar compo-
nents, wherein:

[0014] FIG. 1 is a plan view illustrating an organic light-
emitting display according to an embodiment;

[0015] FIG. 2 illustrates an equivalent circuit diagram of
a pixel of a pixel area of an organic light-emitting display
according to an embodiment;

[0016] FIG. 3 is a plan view illustrating a pixel within a
pixel area of an organic light-emitting display according to
an embodiment;

[0017] FIG. 4 is a cross-sectional view taken along a line
IV-IV of FIG. 3;

[0018] FIG. 5 is a cross-sectional view illustrating a
method of manufacturing an organic light-emitting display
according to an embodiment where a via insulating layer
150 is exposed and developed;

[0019] FIG. 6 is a cross-sectional view illustrating a
method of manufacturing an organic light-emitting display
according to an embodiment where an insulating material
layer 160z is exposed;

[0020] FIG. 7 is a cross-sectional view illustrating a
method of manufacturing an organic light-emitting display
according to an embodiment where an insulating material
layer 160z is developed to produce a first insulating pattern
layer 160y,

[0021] FIG. 8 is a cross-sectional view illustrating a
method of manufacturing an organic light-emitting display
according to an embodiment where a second insulating
pattern layer 160x is produced from the first insulating
pattern layer 160y via either an ashing or a developing
process;

[0022] FIG. 9 is a cross-sectional view illustrating a
method of manufacturing an organic light-emitting display
according to an embodiment where a pixel defining layer
160 is produced from the second insulating pattern layer
160x via a reflow process; and

[0023] FIG. 10 is a cross-sectional view illustrating a
method of manufacturing an organic light-emitting display
according to an embodiment where an emission layer 220
and a counter electrode 230 are formed over the structure of
FIG. 9.

DETAILED DESCRIPTION OF THE
INVENTION

[0024] As the inventive concept allows for various
changes and numerous embodiments, exemplary embodi-
ments will be illustrated in the drawings and described in
detail in the written description. Effects and characteristics
of present exemplary embodiments, and a method of accom-
plishing them will be apparent by referring to content
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described below in detail together with the drawings. How-
ever, the present exemplary embodiments are not limited to
exemplary embodiments below and may be implemented in
various forms.

[0025] Hereinafter, the inventive concept will be
described more fully with reference to the accompanying
drawings, in which exemplary embodiments of the inventive
concept are shown. When description is made with reference
to the drawings, like reference numerals in the drawings
denote like or corresponding elements, and repeated descrip-
tion thereof will be omitted.

[0026] As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed
items.

[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 conponent from another.

[0028] 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.

[0029] It will be further understood that the terms “com-
prises” and/or “comprising” used herein specify the pres-
ence of stated features or components, but do not preclude
the presence or addition of one or more other features or
components.

[0030] Sizes of elements in the drawings may be exag-
gerated for convenience of explanation. In other words,
since sizes and thicknesses of components in the drawings
are arbitrarily illustrated for convenience of explanation, the
following embodiments are not limited thereto.

[0031] When a certain embodiment may be implemented
differently, a specific process order may be performed dif-
ferently from the described order. For example, two con-
secutively described processes may be performed substan-
tially at the same time or performed in an order opposite to
the described order.

[0032] It will be understood that when a layer, region, or
component is referred to as being “connected” to another
layer, region, or component, it may be “directly connected”
to the other layer, region, or component or may be “indi-
rectly connected” to the other layer, region, or component
with other layer, region, or component interposed therebe-
tween. For example, it will be understood that when a layer,
region, or component is referred to as being “electrically
connected” to another layer, region, or component, it may be
“directly electrically connected” to the other layer, region, or
component or may be “indirectly electrically connected” to
other layer, region, or component with other layer, region, or
component interposed therebetween.

[0033] Turning now to FIG. 1, FIG. 1 is a plan view
illustrating an organic light-emitting display according to an
embodiment. In FIG. 1, the organic light-emitting display
includes a display area DA and a non display area NDA
neighboring and/or surrounding the display area DA. The
display area DA includes a plurality of pixel areas PA,
wherein a pixel that can emit visible light being arranged
within each pixel area PA. An image is formed via light
emitted by the plurality of pixels of the display area DA.
Though FIG. 1 illustrates the case where the non display
area NDA surrounds the display area DA, the present
invention is not limited thereto as the non display area NDA



US 2017/0141172 Al

may instead be arranged on one side of the display area DA
and can be referred to as a dead area.

[0034] Turning now to FIG. 2, FIG. 2 is an equivalent
circuit diagram illustrating a pixel 1 arranged within a pixel
area PA of an organic light-emitting display according to an
embodiment. Pixel 1 within pixel area PA includes a pixel
circuit 2 and an organic light-emitting diode (OLED) emit-
ting light by receiving a driving current Id from the pixel
circuit 2. The pixel circuit 2 may include a plurality of thin
film transistors T1 to T7 and a storage capacitor Cst.
[0035] According to an embodiment, the plurality of thin
film transistors T1 to T7 may include a driving thin film
transistor T1 and switching thin film transistors T2 to T7.
The switching thin film transistors T2 to T7 may include, for
example, a data transfer thin film transistor T2, a compen-
sation thin film transistor T3, a first initialization thin film
transistor T4, a first emission control thin film transistor T5,
a second emission control thin film transistor T6, and a
second initialization thin film transistor T7.

[0036] The pixel circuit 2 may include a first scan line 14
transferring a first scan signal Sn to the data transfer thin film
transistor T2 and the compensation thin film transistor T3, a
second scan line 24 transferring a second scan signal Sn-1 to
the first initialization thin film transistor T4 and the second
initialization thin film transistor T7, an emission control line
15 transferring an emission control signal En to the first
emission control thin film transistor TS and the second
emission control thin film transistor T6, a data line 16
transferring a data signal Dm to the driving thin film
transistor T1 by way of the data transfer thin film transistor
T2, a driving voltage line 26 transferring a first power
voltage ELVDD to second electrode C2 of storage capacitor
Cst and to driving thin film transistor T1 by way of the first
emission control thin film transistor T5, and an initialization
voltage line 22 transferring an initialization voltage VINT
initializing the driving thin film transistor T1.

[0037] A gate electrode G1 of the driving thin film tran-
sistor T1 is connected to a first electrode C1 of the storage
capacitor Cst, and a source electrode S1 of the driving thin
film transistor T1 is connected to the driving voltage line 26
by way of the first emission control thin film transistor T5.
A drain electrode D1 of the driving thin film transistor T1 is
electrically connected to a pixel electrode of the OLED by
way of the second emission control thin film transistor T6.
The driving thin film transistor T1 receives a data signal Dm
depending on a switching operation of the data transfer thin
film transistor T2 and supplies a driving current Id to the
OLED.

[0038] A gate electrode G2 of the data transfer thin film
transistor T2 is connected to the first scan line 14, and a
source electrode S2 of the data transfer thin film transistor
T2 is connected to the data line 16. The data transfer thin
film transistor T2 performs a switching operation of trans-
ferring the data signal Dm transferred to the data line 16 to
the source electrode S1 of the driving thin film transistor T1
by being turned on depending on the first scan signal Sn
received via the first scan line 14.

[0039] A gate electrode G3 of the compensation thin film
transistor T3 is connected to the first scan line 14. A source
electrode S3 of the compensation thin film transistor T3 is
connected to the drain electrode D1 of the driving thin film
transistor T1 and connected to the pixel electrode of the
OLED by way of the second emission control thin film
transistor T6. A drain electrode D3 of the compensation thin
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film transistor T3 is connected to each of the first electrode
C1 of the storage capacitor Cst, a source electrode S4 of the
first initialization thin film transistor T4, and the gate elec-
trode G1 of the driving thin film transistor T1. The com-
pensation thin film transistor T3 is turned on depending on
the first scan signal Sn transferred via the first scan line 14
so that the driving thin film transistor T1 can be diode-
connected.

[0040] A gate electrode G4 of the first initialization thin
film transistor T4 is connected to the second scan line 24. A
drain electrode D4 of the first initialization thin film tran-
sistor T4 1s connected to the initialization voltage line 22. A
source electrode S4 of the first initialization thin film tran-
sistor T4 is connected to each of'the first electrode C1 of the
storage capacitor Cst, the drain electrode D3 of the com-
pensation thin film transistor T3, and the gate electrode G1
of the driving thin film transistor T1. The first initialization
thin film transistor T4 performs an initialization operation of
transferring an initialization voltage VINT to the gate elec-
trode G1 of the driving thin film transistor T1 and thus
initializing a voltage of the gate electrode G1 of the driving
thin film transistor T1 by being turned on depending on the
second scan signal Sn-1 transferred via the second scan line
24.

[0041] A gate electrode G5 of the first emission control
thin film transistor T5 is connected to the emission control
line 15. A source electrode S5 of the first emission control
thin film transistor T5 is connected to the driving voltage
line 26. A drain electrode D5 of the first emission control
thin film transistor T5 is connected to the source electrode
S1 of the driving thin film transistor T1 and the drain
electrode D2 of the data transfer thin film transistor T2.
[0042] A gate electrode G6 of the second emission control
thin film transistor T6 is connected to the emission control
line 15. A source electrode S6 of the second emission control
thin film transistor T6 is connected to the drain electrode D1
of the driving thin film transistor T1 and the source electrode
S3 of the compensation thin film transistor T3. A drain
electrode D6 of the second emission control thin film
transistor T6 is connected to the pixel electrode of the
OLED. When the first emission control thin film transistor
T5 and the second emission control thin film transistor T6
are simultaneously turned on by the emission control signal
En transferred via the emission control line 15, the first
power voltage ELVDD is transferred to the OLED and the
driving current Id flows through the OLED.

[0043] A gate electrode G7 of the second initialization thin
film transistor T7 is connected to the second scan line 24. A
source electrode S7 of the second initialization thin film
transistor T7 is connected to the pixel electrode of the
OLED. A drain electrode D7 of the second initialization thin
film transistor T7 is connected to the initialization voltage
line 22. The second initialization thin film transistor T7 is
turned on depending on the second scan signal Sn-1 trans-
ferred via the second scan line 24 to initialize the pixel
electrode of the OLED.

[0044] The second electrode C2 of the storage capacitor
Cst is connected to the driving voltage line 26. The first
electrode C1 of the storage capacitor Cst is connected to
each of the driving gate electrode G1 of the driving thin film
transistor T1, the compensation drain electrode D3 of the
compensation thin film transistor T3, and the first initializa-
tion source electrode S4 of the first initialization thin film
transistor T4.
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[0045] An opposite electrode of the OLED is connected to
a second power voltage ELVSS. The OLED receives the
driving current Id from the driving thin film transistor T1
and emits visible light, thereby displaying an image.
[0046] Though an embodiment illustrates the case where
seven thin film transistors are provided, the present inven-
tion is not limited thereto as other quantities of thin film
transistors can be used depending on the design of a pixel
circuit.

[0047] Turning now to FIGS. 3 and 4, FIG. 3 is an
illustration of a plan view of a pixel 1 within a pixel area PA
of an organic light-emitting display according to an embodi-
ment, and FIG. 4 is a cross-sectional view taken along a line
IV-1V of FIG. 3. Referring now to FIGS. 3 and 4, the driving
thin film transistor T1, the plurality of switching thin film
transistors T2 to T7, the storage capacitor Cst, and the
OLED described with reference to FIG. 2 are disposed
within a pixel area PA. Also, the first scan line 14, the second
scan line 24, the emission control line 15, and the initial-
ization voltage line 22 extending along a first direction, and
the data line 16 and the driving voltage line 26 extending
along a second direction are disposed within the pixel area
PA.

[0048] Active layers Al to A7 of the driving thin film
transistor T1 and the switching thin film transistors T2 to T7
are formed in the same layer. The active layers Al to A7 are
disposed above the substrate 100 including a buffer layer
101. Each of the active layers Al to A7 include a source
region and a drain region doped with impurities. The source
region and the drain region respectively correspond to the
source electrodes S1 to 87, and the drain electrodes D1 to
D7.

[0049] The gate clectrode G1 of the driving thin film
transistor T1 overlaps a part of the active layer Al with a
gate insulating layer 103 disposed therebetween. The gate
insulating layer 103 may include a single layer or a plurality
of layers including SiOx (e.g. SiO,) and/or SiNx.

[0050] According to an embodiment, the gate electrode
G1 of the driving thin film transistor T1 may include a
floating electrode. The gate electrode G1 of the driving thin
film transistor T1, which is the floating electrode, may be
electrically connected to the first initialization thin film
transistor T4 by a connection line 27. The gate electrode G1
of the driving thin film transistor T1, the first scan line 14,
the second scan line 24, and the emission control line 15 are
formed in the same layer.

[0051] A part of the first scan line 14 forms the gate
electrodes G2 and G3 of the data transfer thin film transistor
T2 and the compensation thin film transistor T3. A part of the
second scan line 24 forms the gate electrodes G4 and G7 of
the first initialization thin film transistor T4 and the second
initialization thin film transistor T7. A part of the emission
control line 15 forms the gate electrodes G5 and G6 of the
first emission control thin film transistor T5 and the second
emission control thin film transistor T6.

[0052] The first electrode C1 of the storage capacitor Cst
is connected to the gate electrode G1 of the driving thin film
transistor T1, and the second electrode C2 of the storage
capacitor Cst overlaps the first electrode C1 with a first
interlayer insulating layer 110 disposed therebetween. The
first interlayer insulating layer 110 may include a single
layer or a plurality of layers including SiO, and/or SiNx. The
first electrode C1 of the storage capacitor Cst is connected
to the first initialization thin film transistor T4 by the
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connection line 27, and the second electrode C2 of the
storage capacitor Cst is connected to the driving voltage line
26.

[0053] The storage capacitor Cst may overlap the driving
thin film transistor T1. According to an embodiment, the first
electrode C1 of the storage capacitor Cst may be integrally
formed with the gate electrode G1 of the driving thin film
transistor T1. That is, the gate electrode G1 of the driving
thin film transistor T1 may perform not only a function of
the gate electrode but also a function of the first electrode C1
of the storage capacitor Cst.

[0054] Though an exemplary embodiment has described
the case where the storage capacitor Cst overlaps the driving
thin film transistor T1, the present invention is not limited
thereto. According to another embodiment, the storage
capacitor Cst may not overlap the driving thin film transistor
T1.

[0055] The data line 16, the driving voltage line 26, and
the connection line 27 may be formed in the same layer, and
may be formed above the storage capacitor Cst with a
second interlayer insulating layer 130 disposed therebe-
tween. The second interlayer insulating layer 130 may
include a single layer or a plurality of layers including SiOx
(e.g. Si0,) and/or SiNx. The data line 16 is connected to the
data transfer thin film transistor T2 via a first connection part
Cntl, and the driving voltage line 26 is connected to the
storage capacitor Cst and the first emission control thin film
transistor T5 via a second connection part Cnt2 and a third
connection part Cnt3 respectively.

[0056] The pixel electrode 210 is formed above the data
line 16, the driving voltage line 26, and the connection line
27 with a via insulating layer 150 disposed therebetween.
The via insulating layer 150 is disposed right above the data
line 16, the driving voltage line 26, and the connection line
27 to contact an upper surface of the data line 16, the driving
voltage line 26, and the connection line 27. The via insu-
lating layer 150 may include a photosensitive organic mate-
rial, such as an olefin-based organic material, or an acryl-
based organic material, or an imide-based organic material,
etc.

[0057] The pixel electrode 210 may be connected to a first
connection metal CM1 connected to the drain electrode D6
of the second emission control thin film transistor T6
through a first via hole Vial formed in the via insulating layer
150. The pixel electrode 210 may be electrically connected
to the second emission control thin film transistor T6 by the
first connection metal CM1, and may be electrically con-
nected to the driving thin film transistor T1 by way of the
second emission control thin film transistor T6.

[0058] The pixel electrode 210 may be a (semi) transpat-
ent electrode or a reflective electrode. In the case where the
pixel electrode 210 is the (semi) transparent electrode, the
pixel electrode 210 may include indium tin oxide (ITO),
indium zinc oxide (1Z0), zinc oxide (ZnO), indium oxide
(In,0,), indium gallium oxide (IGO), or aluminium zinc
oxide (AZO). In the case where the pixel electrode 210 is the
reflective electrode, the pixel electrode 210 may include a
reflective layer including Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir,
Cr, or a compound thereof, and a layer located below/above
the reflective layer that includes 1TO, IZO, ZnO, or In,O;.
[0059] A pixel-defining layer 160 is formed above the
pixel electrode 210. The pixel-19 defining layer 160 is
disposed along an end (i.e. edge) of the pixel electrode 210
and exposes the pixel electrode 210. A plan view of the
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pixel-defining layer 160 may have a donut shape or a frame
shape. The pixel-defining layer 160 insulates the pixel
electrode 210 from the opposite electrode 230 by covering
an end of the pixel electrode 210.

[0060] The pixel-defining layer 160 includes an inner side
160q extending from an upper surface of the pixel electrode
210 and adjacent to an opening OP (see FIG. 9) exposing the
pixel electrode 210, and an outer side 1605 located at the
opposite side from the inner side 160a and covering an edge
of the pixel electrode 210. The inner side 160a and the outer
side 1605 of the pixel-defining layer 160 may be inclined
surfaces. The pixel-defining layer 160 may include a pho-
tosensitive organic material, such as an olefin-based organic
material, or an acryl-7 based organic material, or an imide-
based organic material, etc.

[0061] According to an embodiment, the initialization
voltage line 22 may be formed in the same layer that the
pixel electrode 210 is formed. In the case where the initial-
ization voltage line 22 is formed in the same layer that the
pixel electrode 210 is formed, an insulating dam 170 may
cover the initialization voltage line 22. The insulating dam
170 is formed in the same layer that the pixel-defining layer
160 is formed, and lateral surfaces 170a and 17056 of the
insulating dam 170 may be inclined surfaces covering edges
of the initialization voltage line 22.

[0062] An organic emission layer 220 is disposed above
the portion of the pixel electrode 210 exposed by the
pixel-defining layer 160, and the opposite electrode 230 is
disposed above the organic emission layer 220. The organic
emission layer 220 includes a low molecular organic mate-
rial or a polymer organic material. In addition to the organic
emission layer 220, at least one of a hole injection layer, a
hole transport layer, an electron transport layer, and an
electron injection layer may be further disposed between the
pixel electrode 210 and the opposite electrode 230.

[0063] The opposite electrode 230 may be integrally
formed over a plurality of pixel areas PA and cover the
display area DA. The opposite electrode 230 receives the
second power voltage ELVSS by contacting a power supply
line (not shown) provided to the non display area NDA.

[0064] The opposite electrode 230 may be a (semi) trans-
parent electrode or a reflective electrode. In the case where
the opposite electrode 230 is the (semi) transparent elec-
trode, the opposite electrode 230 may include a layer includ-
ing Ag/Mg, Li, Ca, LiF/Ca, LiF/Al, Al, Mg, or a compound
thereof, and may further include a layer including a (semi)
transparent material such as 1TO, IZ0, ZnO, or In,0;, etc.
located above this layer. In the case where the opposite
electrode 230 is the reflective electrode, the opposite elec-
trode 230 may include a layer including, for example, one or
more of Li, Ca, LiF/Ca, LiF/Al, Al, Ag, and Mg. The
configuration and material of the opposite electrode 230 are
not limited thereto and may include a different material and
may have a multi-layered structure, and various changes
may be made.

[0065] The via insulating layer 150 is disposed above the
substrate 100 to cover the entire surface of the substrate 100,
and includes a first region 150a overlapped by the pixel
electrode 210 and a second region 1505 not overlapped by
the pixel electrode 210. Since the pixel-16 defining layer 160
is disposed above the first region 150a of the via insulating
layer 150 and has a donut shape or a frame shape corre-
sponding to peripheral edges of the pixel electrode 210, a
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partial region, for example, the second region 1505 of the via
insulating layer 150 is not overlapped by the pixel-defining
layer 160.

[0066] The second region 1505 of the via insulating layer
150 has a protrusion 151 and lateral (and inclined) surfaces
151a and 1515 sloping away from either side of the protru-
sion. One of the lateral surfaces 151a of the protrusion 151
may extend toward a peripheral edge of the pixel electrode
210. According to an embodiment, one peripheral edge 151a
of the protrusion 151 may insulate a peripheral edge of the
pixel electrode 210 while contacting the peripheral edge of
the pixel electrode 210.

[0067] A thickness t2 of the second region 1505 having the
protrusion 151 is greater than a thickness t1 of the first
region 150a. Since the thickness t2 of the second region
1505 of the via insulating layer 150 is large, generation of a
parasitic capacitance between a part of the opposite elec-
trode 230 disposed above the second region 1504 of the via
insulating layer 150 and a wiring such as the data line 16, the
driving voltage line 26 and/or the connection line 27 dis-
posed below the second region 1505 of the via insulating
layer 150 is suppressed. Therefore, reduction in image
quality due to a parasitic capacitance may be prevented.
[0068] In the case where the initialization voltage line 22
is formed in the same layer as the pixel electrode 210, the via
insulating layer 150 may further include a third region 150¢
overlapped by the initialization voltage line 22. A thickness
of the third region 150¢ is substantially the same as the
thickness t1 of the first region 150a.

[0069] Though FIG. 4 illustrates the case where the oppo-
site electrode 230 and the driving voltage line 26 are
disposed above and below the second region 1505 of the via
insulating layer 150 respectively, the present invention is in
no way so limited. Referring to FIG. 4, a part of the via
insulating layer 150 covering the entire surface of the
substrate 100 that does not overlap the pixel electrode 210
and the initialization voltage line 22 may correspond to the
second region 1505. Therefore, not only generation of a
parasitic capacitance between the driving voltage line 26 and
the opposite electrode 230, but also generation of a parasitic
capacitance between the data line 16 and the opposite
electrode 230 and/or a parasitic capacitance between the
connection line 27 and the opposite electrode 230 may be
suppressed.

[0070] Although FIGS. 3 and 4 illustrate the case where
the pixel electrode 210 overlaps the driving thin film tran-
sistor T1 in the pixel area PA, the present invention is not
limited thereto. For example, the pixel electrode 210 may be
disposed over two pixel areas PA, and the location of the
pixel electrode 210 may also change.

[0071] Turning now to FIGS. 5 to 10, FIGS. 5 to 10 are
cross-sectional views illustrating a method of manufacturing
an organic light-emitting display of FIG. 4 according to an
embodiment of the present invention. Referring now to
FIGS. 3 and 5, the driving thin film transistor T1, the
switching thin film transistors T2 to T7, the storage capacitor
Cst, and the wirings 14, 15, 24, 16, 26, and 27 are formed
in the pixel area PA of the substrate 100.

[0072] The substrate 100 may include various materials
including a plastic material such as poly ethylene terephtha-
late (PET), poly ethylene naphthalate (PEN), and polyimide.
The buffer layer 101 for preventing penetration of impurities
into the active layers Al to A7, the gate insulating layer 103
for insulating the active layers Al to A7 of the thin film
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transistors T1 to T7 from the gate electrodes G1 to G7, the
first interlayer insulating layer 110 disposed between the first
electrode C1 and the second electrode C2 of the storage
capacitor Cst, the second interlayer insulating layer 130
covering the second electrode C2 of the storage capacitor
Cst, and the via insulating layer 150 covering the data line
16 formed above the second interlayer insulating layer 130,
the driving voltage line 26, the connection line 27, and the
first connection metal CM1 are formed above the substrate
100.

[0073] Though FIG. 5 illustrates the case where the stor-
age capacitor Cst overlaps the driving thin film transistor T1,
the present invention is in no way so limited. According to
another embodiment, the storage capacitor Cst may instead
not overlap the driving thin film transistor T1. For example,
in the case where the first electrode C1 and the second
electrode C2 of the storage capacitor Cst are formed in the
same layers that the active layers Al to A7 and the gate
electrodes G1 to G7 respectively, the second interlayer
insulating layer 130 may be omitted.

[0074] Next, an insulating material (not shown) including
a photosensitive organic material is formed above the entire
surface of the substrate 100, and the via insulating layer 150
1s formed by using a halftone mask 400. The photosensitive
organic material may include an olefin-based organic mate-
rial, an acryl-based organic material, or an imide-based
organic material, etc. According to an embodiment, the via
insulating layer 150 may be formed by performing exposure
using the halftone mask 400, and developing the exposed
photosensitive organic material to remove the exposed
region.

[0075] The via insulating layer 150 includes a first via hole
Vial exposing the first connection metal CM1, the first
region 150a having a first thickness T1', and the second
region 1506 having a second thickness T2'. An upper part of
the second region 1505 may form the protrusion 151 by
protruding in the thickness direction with respect to the first
region 150a.

[0076] The via insulating layer 150 may further include
the third region 150¢ having the same thickness as the first
thickness T1'. The pixel electrode 210 formed during a
process described below is disposed above the first region
150a of the via insulating layer 150, and the initialization
voltage line 22 formed during a process described below is
disposed above the third region 150c¢.

[0077] A transmission region 401 of the halftone mask 400
may correspond to a first via hole Vial of the via insulating
layer 150, a non-transmission region 402 may correspond to
the first region 150a and the third region 150c of the via
insulating layer 150, and a light-shielding region 403 may
correspond to the second region 1505 of the via insulating
layer 150. Though the embodiment has described the case of
using the halftone mask 400, a slit mask may instead be used
as understood by a person of ordinary skill in the art.
[0078] Referring now to FIGS. 3 and 6, a conductive
material layer 210z and an insulating material layer 160z are
deposited above the via insulating layer 150. The insulating
material layer 160z may include a photosensitive organic
material, and the photosensitive organic material may
include an olefin-based organic material, an acryl-based
organic material, or an imide-based organic material, etc.
[0079] After insulating material layer 160z is deposited, a
first insulating pattern layer 160y is formed above the
conductive material layer 210z by exposing the insulating
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material layer 160z using a halftone mask 500, and devel-
oping to remove the exposed regions. The first insulating
pattern layer 160y may be located above the first region 150a
of the via insulating layer 150, and include a first part 160ya
and a second part 160y5 thicker than the first part 160ya, the
second part 160y5 may surround the first part 160ya. A part
of the conductive material layer 210z that is not overlapped
by the first insulating pattern layer 160y is exposed to
outside.

[0080] A transmission region 501 of the halftone mask 500
corresponds to the second region 1505 of the via insulating
layer 150. A non-transmission region 502 of the halftone
mask 500 may correspond to the first part 160ya of the first
insulating pattern layer 160y, and a light-4 shielding region
503 may correspond to the second part 160yd of the first
insulating pattern layer 160y. Though the embodiment has
described the case of using the halftone mask 500, a slit
mask may instead be used as understood by a person of
ordinary skill in the art.

[0081] According to an embodiment, a first insulating dam
layer 170z may be formed above the third region 150¢ of the
via insulating layer 150 upon development (i.e. patterning)
of the insulating material layer 160z. The first insulating dam
layer 170z may correspond to a light-shielding region 503 of
the halftone mask 500.

[0082] Referring now to FIGS. 3 and 7, the pixel electrode
210 is formed by patterning the conductive material layer
210z using the first insulating pattern layer 160y as an etch
mask. According to an embodiment, the conductive material
layer 210z may be patterned by a wet etching technique, and
the resultant width of the pixel electrode 210 may be smaller
than the width of the first insulating pattern layer 160y upon
the wet etching process.

[0083] According to an embodiment, the initialization
voltage line 22 may also be formed during the same process
as the patterning of conductive material layer 210z to form
pixel electrode 210. In said patterning of conductive mate-
rial layer 210z to form initialization voltage line 22, first
insulating dam layer 170z is used as an etch mask. For
example, the initialization voltage line 22 may be formed by
wet etching, and the resultant width of the initialization
voltage line 22 may be less than the width of the first
insulating dam layer 170z.

[0084] Referring now to FIGS. 4 and 8, in order to form
opening OP to expose the pixel electrode 210, a second
insulating pattern layer 160x is formed by removing a part
of the first insulating pattern layer 160y. The second insu-
lating pattern layer 160x may be formed by either an ashing
technique or a developing technique of the first insulating
pattern layer 160y.

[0085] The second insulating pattern layer 160x corre-
sponds to the second part 1605 of the first insulating pattern
layer 160y. The width and height of the second insulating
pattern layer 160x becomes smaller than the width and
height of the second part 160y5 of the first insulating pattern
layer 160y, and the first part 160ya of the first insulating
pattern layer 160y is entirely removed by the ashing or
developing process to produce the opening OP that exposes
a large portion of the pixel electrode 210. The second
insulating pattern layer 160x is disposed above the pixel
electrode 210 at locations that correspond to ends (i.e.
edges) of the pixel electrode 210, and a large portion of an
upper surface of the pixel electrode 210 is exposed by the
opening OP in the second insulating pattern layer 160.x.
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[0086] During the ashing or developing process used to
produce second insulating pattern layer 160x and opening
OP, a part of the via insulating layer 150 may also be
removed. For example, a region of the via insulating layer
150 that is exposed to an outside (i.e., an upper part of the
second region 1505) may be removed during the ashing or
developing process of the first insulating pattern layer 160y.
Therefore, the height of the protrusion 151 of the via
insulating layer 150 is reduced, and the protrusion 151 of the
second region 1505 of the via insulating layer 150 has a third
thickness T3' that is less than the second thickness T2'
described with reference to FIG. 5, while the third thickness
T3' is still greater than the first thickness T1'".

[0087] In addition to producing opening OP and second
insulating pattern layer 160x from first insulating pattern
layer 160y and in addition to reducing the height of protru-
sion 151 of second region 1505 of via insulating layer 150
from T2' to T3', a part of the first insulating dam layer 170z
may be also removed during the ashing or developing
process so that a second insulating dam layer 170y of FIG.
8 may be produced. As a result, the width and height of the
second insulating dam layer 170y becomes smaller than the
width and height of the first insulating dam layer 170z by the
ashing or developing process of FIG. 8.

[0088] Referring now to FIGS. 3 and 9, the pixel-defining
layer 160 covering edges (or ends) of the pixel electrode 210
is formed by performing a reflow process on the second
insulating pattern layer 160x. For example, the second
insulating pattern layer 160x may flow down during a
thermal reflow process and cover the edges of the pixel
electrode 210. Both the inner side 160a and the outer side
1605 of the pixel-defining layer 160 may have inclined
surfaces, and the outer side 1605 may cover the edge of the
pixel electrode 210.

[0089] Referring to enlarged portion of FIG. 9. the pixel-
defining layer 160 covers the edge of the pixel electrode 210
upon the reflow process. In this case, a cavity “ps” may be
located between the edge of the pixel electrode 210 and one
edge of the pixel-defining layer 160 that covers the edge of
the pixel electrode 210. According to an embodiment, the
edge of the pixel electrode 210 may have an uneven surface
as illustrated in the enlarged portion of FIG. 9, said cavity
“ps” being produced by the wet etching process used to form
the pixel electrode 210 from conductive material layer 210z
previously described with reference to FIG. 7. Upon reflow,
the pixel-defining layer 160 may cover the edge of the pixel
electrode 210 so that the cavity “ps” is covered by and
disposed between the pixel-defining layer 160 and the edge
of the pixel electrode 210.

[0090] During the reflow process, not only is the second
insulating pattern layer 160x modified to produce pixel
defining layer 160, but also the protrusion 151 of the second
region 1505 of the via insulating layer 150 is also modified
by being flown down toward the edge of the pixel electrode
210, so that the lateral surfaces 151a and 1515 of the
protrusion 151 may have inclined surfaces. The inclined
surface 151a of the protrusion 151 of the via insulating layer
150 may extend toward the edge of the pixel electrode 210.
Though not shown, according to an embodiment, one
peripheral edge of the protrusion 151 may insulate the edge
of the pixel electrode 210 while directly contacting the edge
of the pixel electrode 210.

[0091] In addition to modifying second insulating pattern
layer 160x to produce pixel defining layer 160 and in
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addition to modifying protrusion 151 of the second region
1505 of the via insulating layer 150, the second insulating
dam layer 170y is also modified by the reflow process to
produce insulating dam 170. For example, the second insu-
lating dam layer 170y may flow down during a thermal
reflow process and cover an edges of the initialization
voltage line 22, and lateral surfaces 170a and 1705 of the
insulating dam 170 may become inclined surfaces during the
reflow process of FIG. 9.

[0092] Referring now to FIGS. 4 and 10, the organic
emission layer 220 is formed above the pixel electrode 210,
and the opposite electrode 230 is formed above the organic
emission layer 220. The organic emission layer 220 may be
disposed above the portion of the pixel electrode 210
exposed by the pixel-defining layer 160, and include a low
molecular organic material or a polymer organic material.
Besides the organic emission layer 220, at least one of a hole
injection layer, a hole transport layer, an electron transport
layer, and an electron injection layer may be further inter-
posed between the pixel electrode 210 and the opposite
electrode 230. The opposite electrode 230 may be integrally
formed over the entire surface of the substrate 100. Since the
pixel-defining layer 160 covers the edges of the pixel
electrode 210, a short circuit between the pixel electrode 210
and the opposite electrode 230 is prevented.

[0093] Also, since protrusion 151 of second region 1505
of via insulating layer 150 has the third thickness T3',
generation of a parasitic capacitance between the wiring
disposed below the second region 1505, for example, the
data line 16, the driving voltage line 26 and/or the connec-
tion line 27, and the opposite electrode 230 disposed above
the second region 1505 may be suppressed, and thus image
quality may be improved. In comparing the arrangements of
FIG. 10 with that of FIG. 4, it is to be appreciated that the
first thickness T1' of the first region 150a of the via insu-
lating layer 150 illustrated in FIGS. 8 to 10 is equal to the
thickness t1 of the first region 150a of the via insulating
layer 150 illustrated in FIG. 4, and the third thickness T3' of
the second region 1504 of the via insulating layer 150
illustrated in FIGS. 8 to 10 is equal to the thickness t2 of the
second region 1504 of the via insulating layer 150 illustrated
in FIG. 4.

[0094] According to the above-described embodiment,
since the pixel electrode 210 and the pixel-defining layer
160 are both formed by using one halftone mask 500, a
number of masks used for a manufacturing process is
reduced. Furthermore, since the thicknesses of the first
region 150q and the second region 1505 of the via insulating
layer 150 are different from each other, generation of a
parasitic capacitance between the opposite electrode 230 and
the wiring (for example, the data line 16, the driving voltage
line 26, and the connection line 27) respectively disposed
above and below the via insulating layer 150 may be
suppressed. Since the exposed part of the via insulating layer
150, that is, the second region 150 is also reduced in size
as a result of the ashing or developing process described
above, if the protrusion 151 of second portion 1505 of via
insulating layer 150 has a uniform second thickness T2', the
thickness T3' of the protrusion 151 of second region 1506 of
via insulating layer 150 becomes smaller than the second
thickness T2' after the ashing or developing process. How-
ever, according to embodiments of the present invention,
since the thickness T2' of the second region 1505 of the via
insulating layer 150 is formed to be significantly larger than
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the thickness T1' of the first region 150a, the loss in
thickness of the protrusion 151 of second region 1505 during
the ashing process by having thickness T2' be sufficiently
large, so that the final thickness T3' of protrusion 151 of
second region 1505 of via insulating layer 150 still remains
thicker than the first thickness T1', so that the generation of
a parasitic capacitance can be suppressed and reduction in
image quality may be prevented despite the ashing or
developing process of FIG. 8.

[0095] Though the inventive concept has been described
with reference to exemplary embodiments illustrated in the
drawings, these are provided for an exemplary purpose only,
and one of ordinary skill in the art will understand that
various modifications and other equivalent embodiments
may be made therein. Therefore, the spirit and scope of the
inventive concept should be defined by the following claims.

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

a substrate coniprising a pixel area;

a thin film transistor arranged within the pixel area of the
substrate;

awiring electrically connected to the a thin film transistor,

an insulating layer covering the thin film transistor and the
wiring;

a pixel electrode arranged over the insulating layer and
electrically connected to the thin film transistor;

a pixel-defining layer having an opening that exposes the
pixel electrode, an inner side facing the opening, and an
outer side arranged on an opposite side from the inner
side and covering an edge of the pixel electrode;

an opposite electrode facing the pixel electrode; and

an organic emission layer interposed between the pixel
electrode and the opposite electrode, wherein the insu-
lating layer includes a first region that is overlapped by
the pixel electrode and a second region that is not
overlapped by the pixel electrode, the second region
being thicker than the first region.

2. The device of claim 1, wherein at least a part of the

wiring overlaps the second region of the insulating layer.

3. The device of claim 1, wherein the second region of the
insulating layer comprises a protrusion configured to pro-
trude toward the opposite electrode

4. The device of claim 3, wherein an inclined surface of
the protrusion extends toward the edge of the pixel elec-
trode.

5. The device of claim 3, wherein the protrusion which is
unitary with the insulating layer comprises a same material
as the insulating layer.

6. The device of claim 1, wherein the thin film transistor
comprises an active layer, a gate electrode, a source elec-
trode, and a drain electrode, the wiring being arranged
between the gate electrode and the pixel electrode.

7. The device of claim 6, wherein an upper surface of the
wiring directly contacts the insulating layer.

8. The device of claim 1, further comprising a storage
capacitor,

wherein the thin film transistor comprises a driving thin
film transistor and a switching thin film transistor, the
storage capacitor being electrically connected to the
driving thin film transistor and the switching thin film
transistor, and

wherein the wiring comprises at least one of a data line,
a driving voltage line, and a connection line, the
connection line being configured to connect the switch-
ing thin film transistor to the storage capacitor.
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9. The device of claim 1, further comprising a cavity
interposed between the edge of the pixel electrode and one
edge of the pixel-defining layer that covers the edge of the
pixel electrode.

10. A method of manufacturing an organic light-emitting
display device, the method comprising:

forming a driving thin film transistor, a switching thin film

transistor, and a wiring on a substrate;

forming an insulating layer comprising a first region

having a first thickness and a second region having a
second thickness greater than the first thickness, the
insulating layer being configured to cover the thin film
transistors and the wiring;

forming a conductive material layer on the insulating

layer;
forming a first insulating pattern layer on the conductive
material layer, the first insulating pattern layer over-
lapping the first region of the insulating layer;

forming the pixel electrode by patterning the conductive
material layer by using the first insulating pattern layer
as a mask;

forming a second insulating pattern layer on an edge

portion of the pixel electrode;

forming a pixel-defining layer configured to cover an edge

of the pixel electrode by reflowing the second insulat-
ing pattern layer;

forming an organic emission layer on the pixel electrode;

and

forming an opposite electrode on the organic emission

layer.

11. The method of claim 10, wherein the first insulating
pattern layer comprises a first region and a second region
that is thicker than the first region.

12. The method of claim 11, wherein the second insulating
pattern layer comprises an opening that corresponds to the
first region of the first insulating pattern layer.

13. The method of claim 10, wherein the second insulat-
ing pattern layer is formed by removing a portion of the first
insulating pattern layer.

14. The method of claim 13, wherein the second insulat-
ing pattern layer is formed by ashing or developing the
portion of the first insulating pattern layer.

15. The method of claim 10, further comprising reducing
a thickness of the second region of the insulating layer from
a second thickness to a third thickness by removing an upper
portion of the second region of the insulating layer.

16. The method of claim 15, wherein the removing of the
upper portion of the second region of the insulating layer is
performed simultaneously to the forming the second insu-
lating pattern layer.

17. The method of claim 10, further comprising forming
a protrusion which has an inclined surface in the second
region of the insulating layer by performing a reflow pro-
cess.

18. The method of claim 17, wherein the forming of the
pixel-defining layer occurs simultaneously and from a same
reflow process as the forming of the protrusion.

19. The method of claim 17, wherein the inclined surface
extends toward the edge of the pixel electrode.

20. The method of claim 10, further comprising forming
a storage capacitor electrically connected to the driving thin
film transistor and the switching thin film transistor, wherein
the wiring comprises at least one of a data line, a driving
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voltage line, and a connection line, the connection line
configured to connect the switching thin film transistor to the
storage capacitor.
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