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CAPACITOR DEVICE, ORGANIC LIGHT
EMITTING DISPLAY APPARATUS
INCLUDING THE CAPACITOR DEVICE,
AND METHOD OF MANUFACTURING THE
ORGANIC LIGHT EMITTING DISPLAY 5
APPARATUS

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.
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CROSS-REFERENCE TO RELATED
APPLICATION

15

[ This application is a divisional of U.S. patent application
Ser. No. 13/959,643, filed Aug. 5, 2013, which claims
priority to and the benefit of Korean Patent Application No.
10-2013-0036978, filed Apr. 4, 2013, the entire content of
both of which is incorporated herein by reference.] This is ar
application for reissue of U.S. Pat. No. 9,466,652 issued
Oct. 11, 2016 and filed as U.S. Divisional application Ser.
No. 14/875,611 on Oct. 5, 2015, now U.S. Pat. No. 9,466,
652, which is a divisional of U.S. patent application Ser. No.
137959,643, filed Aug. 5, 2013, now U.S. Pat. No. 9,165,993,
and claims priority to and the benefit of Korean Patent
Application No. 10-2013-0036978, filed in the Korean Intel-
lectual Property Office on Apr. 4, 2013, the entive content of

each of which is incorporated herein by reference.
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BACKGROUND

1. Field

The aspects of embodiments of the present mvention
relate to capacitor devices 1n pixels, an organic light-emit-
ting display apparatus including the capacitor devices, and a
method for manufacturing the organic light-emitting display
apparatus.

2. Description of the Related Art

An organic light emitting display apparatus may include
two electrodes and an organic emissive layer therebetween,
wherein an electron that 1s 1njected into one electrode, and
a hole that 1s injected nto the other electrode, combine in an
organic emissive layer to form an exciton, and light is
emitted as the exciton emits energy.

The organic light emitting display apparatus may include
a plurality of pixels that include an organic light emitting
device (which 1s a self-emissive device), a plurality of thin
film transistors (TFTs), and at least one capacitor formed 1n
cach pixel to drive the organic light emitting device.

The capacitor may be formed of a bottom electrode and a
top electrode, with a dielectric body interposed therebe-
tween. A charging capacitance of the capacitor 1s propor-
tional to a surface area of the two overlapping electrodes.
Accordingly, when the surface area of the two electrodes 1s
reduced, the charging capacitance of the capacitor may also
be reduced. However, to apply a voltage to an electrode of
a capacitor, a structure, such as a contact hole, 1s used, and
when the contact hole 1s formed, the surface area of the two
clectrodes may decrease. Thus, capacitor devices can be
redesigned.
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SUMMARY
63
The aspects of embodiments of the present invention are
directed toward capacitor devices with increased capaci-

2

tance, an organic light emitting display apparatus including
the capacitor devices, and a method for manufacturing the
organic light emitting display apparatus.

According to an aspect of an embodiment of the present
invention, there 1s provided a capacitor device including two
top capacitor electrodes separated from each other and
symmetrical to each other, two intermediate capacitor elec-
trodes symmetrical to each other and respectively overlap-
ping the top capacitor electrodes, a bridge coupling the
intermediate capacitor electrodes without overlapping the
top capacitor electrodes, and a driving voltage line coupled
to the bridge and configured to apply a common voltage to
the intermediate capacitor electrodes.

The capacitor device may further include an insulation
layer located between the top capacitor electrodes and the
intermediate capacitor electrodes, and defining a contact
hole to expose the bridge, and the driving voltage line may
be coupled with the bridge via the contact hole.

An entirety of each of the top capacitor electrodes may
overlap with a respective one of the intermediate capacitor
clectrodes.

The capacitor device may further include two bottom
capacitor electrodes that are symmetrical to each other and
located below the intermediate capacitor electrodes, the
bottom capacitor electrodes being insulated from, and over-
lapping with, the intermediate capacitor electrodes.

The capacitor device may further include a contact node
clectrically coupling the bottom capacitor electrodes, and
clectrically coupling the top capacitor electrodes, via storage
opening portions defined by the top capacitor electrodes and
by the intermediate capacitor electrodes, the storage opening
portions exposing the bottom capacitor electrodes.

According to another aspect of an embodiment of the
present invention, there 1s provided an organic light emitting
display apparatus including two pixels symmetrical to each
other, located on a substrate, and adjacent each other 1n a
first direction, each of the pixels including a pixel circuit and
an organic light emitting diode (OLED), two top capacitor
clectrodes separated from each other and symmetrical to
cach other, each of the top capacitor electrodes being respec-
tively located 1n one of the pixel circuits, two intermediate
capacitor electrodes symmetrical to each other and insulated
from, and overlapping with, the top capacitor electrodes, a
bridge coupling the intermediate capacitor electrodes with-
out overlapping the top capacitor electrodes, and a driving
voltage line coupled to the bridge, and configured to apply
a common voltage to the itermediate capacitor electrodes.

An entirety of each of the top capacitor electrodes may
overlap with a respective one of the imtermediate capacitor
clectrodes.

The organic light emitting display apparatus may further
include two bottom capacitor electrodes symmetrical to each
other and located below the intermediate capacitor elec-
trodes, the bottom capacitor electrodes being msulated from.,
and overlapping with, the intermediate capacitor electrodes.
The organic light emitting display apparatus may turther
include a contact node electrically coupling the bottom
capacitor electrodes to each other, and electrically coupling
the top capacitor electrodes to each other, via storage open-
ing portions defined by the top capacitor electrodes, and by
the intermediate capacitor electrodes, to expose the bottom
capacitor electrodes.

The contact node may be configured to apply an 1nitial-
ization voltage during an nitialization period.

The organic light emitting display apparatus may further
include a driving thin film transistor (1TFT) including a gate
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clectrode that 1s the bottom capacitor electrodes, and an
active layer isulated from the bottom capacitor electrodes.

The driving voltage line may include a plurality of first
driving voltage lines extending 1n a second direction cross-
ing the first direction and configured to apply the common
voltage to the pixels, and a second driving voltage line
coupled to the bridge and extending 1n the first direction.

The plurality of first driving voltage lines and the second
driving voltage line may be a mesh structure configuration.

The first driving voltage lines may be separated from one
another and arranged symmetrically.

According to another aspect of an embodiment of the
present mvention, there 1s provided a method for manufac-
turing an organic light emitting display apparatus, the
method 1ncluding forming two separate bottom capacitor
clectrodes on a substrate 1n two pixel areas, respectively, the
pixel areas being symmetrical to each other, and being
adjacent each other in a first direction, forming two inter-
mediate capacitor electrodes coupled to each other via a
bridge, and overlapping with the bottom capacitor elec-
trodes, forming two separate top capacitor electrodes that are
isulated from, and overlap with, the intermediate capacitor
clectrodes without overlapping the bridge, forming an 1nsu-
lation layer covering the top capacitor electrodes, forming a
contact hole 1n the mnsulation layer to expose the bridge, and
forming a driving voltage line at the insulation layer and
coupled to the bridge.

An entirety of each of the top capacitor electrodes may
overlap with a respective one of the intermediate capacitor
clectrodes.

The top capacitor electrodes and the intermediate capaci-
tor electrodes may define a plurality of storage opening
portions to expose the bottom capacitor electrodes, and the
method may further include forming a contact node at the
insulation layer to electrically couple the bottom capacitor
clectrodes to each other, and to electrically couple the top
capacitor electrodes to each other, via the plurality of storage
opening portions.

The driving voltage line may include a plurality of first
driving voltage lines configured to supply a voltage to the
two pixel areas and extending in a second direction orthogo-
nal to the first direction, and a second driving voltage line
coupled to the bridge and extending 1n the first direction.

The plurality of first driving voltage lines and the second
driving voltage line may be a mesh structure configuration.

The first driving voltage lines may be separated from one
another and may be arranged symmetrically.

BRIEF DESCRIPTION OF THE DRAWINGS

The aspects of embodiments of the present invention will
become more apparent by describing detailled example
embodiments thereof with reference to the attached draw-
ings in which:

FIG. 1 1s a schematic block diagram illustrating an
organic light emitting display apparatus according to an
embodiment of the present invention;

FIG. 2 1s an equivalent circuit diagram of a pixel of a
display apparatus according to an embodiment of the present
imnvention;

FIG. 3 1s a schematic circuit diagram of two adjacent
pixels of a display apparatus according to an embodiment of
the present invention;

FI1G. 4 1s a view for explaining a mesh structure of driving,
voltage lines PL of a display apparatus according to an
embodiment of the present ivention;
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FIGS. 5 through 10 are views for explaining a method for
forming two adjacent pixels according to an embodiment of
the present invention;

FIG. 11 1s a cross-sectional view of two pixels cut along
the line A-A' of FIG. 9;

FIGS. 12 and 13 are views of two pixels for explaining a

comparative example;
FIG. 14 1s a schematic view of a surface area al of a

second storage capacitor of FIG. 9 according to an embodi-

ment of the present invention; and
FIG. 15 1s a schematic view of a surface area a2 of a

second storage capacitor of FIG. 12 according to the com-
parative example.

DETAILED DESCRIPTION

The structures and operations according to various
embodiments of the present invention will now be described
more tully with reference to the accompanying drawings, in
which example embodiments of the imnvention are shown.

In the description of embodiments of the present mven-
tion, certain detailed explanations of related art may be
omitted when 1t 1s deemed that they may unnecessarily
obscure the essence of the invention. In the drawings,
thicknesses and areas may be shown expanded or exagger-
ated to clearly illustrate layers and regions.

Throughout the specification, the same or similar ele-
ments are labeled with like reference numerals. In the
present specification, terms such as “first” and “second” are
used for the purpose of distinguishing one constituent ele-
ment from another constituent element, and the constituent
clements are not necessarily limited by the terms. It will also
be understood that when a portion such as a layer, a region,
or an element 1s referred to as being “on” another portion, 1t
can be directly on the other portion, or one or more inter-
vening elements may also be present. Further, expressions
such as “at least one of,” when preceding a list of elements,
modily the entire list of elements, and do not modify the
individual elements of the list.

FIG. 1 1s a block diagram illustrating an organic light
emitting display apparatus 100 according to an embodiment
of the present invention. The organic light emitting display
apparatus 100 includes a display unit 10 that includes a
plurality of pixels, a scanning driving unit 20, a data driving
unit 30, and a control unit 40. The scanning driving unit 20,
the data driving umt 30, and the control unit 40 may be
formed 1n different semiconductor chips, or may be 1inte-
grated 1n a single semiconductor chip. The scanning driving
unit 20 may be formed on the same substrate as the display
umt 10.

The display unit 10 includes a plurality of scanning lines
SLO through SLn and a plurality of emission control lines
EL1 through ELn cross a plurality of data lines DL1 through
DLm, and also includes a plurality of pixels 1 that are
arranged approximately 1n a matrix configuration.

Each pixel 1 1s coupled to two of the scanning lines SL0
through SLn 1n the display unit 10. While each pixel 1 1s
shown 1n the embodiment of FIG. 1 as being coupled to a
scanning line corresponding to a corresponding pixel line,
and as being coupled to a scanming line of a pixel line that
1s previous to the corresponding pixel line (e.g., numerically
previous, or prior in a scanning direction), the embodiments
of the present invention are not limited thereto.

Also, each pixel 1 1s also coupled to one of the plurality
of data lines DL1 through DLm, and to one of the plurality
of emission control lines EL1 through ELn.
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Also, each pixel 1 1s also coupled to one of a plurality of
initialization voltage lines VL (through which an 1nitializa-
tion voltage can be supplied), and to one of a plurality of

driving voltage lines PL (through which a first power voltage
ELVDD can be supplied).

According to an embodiment of the present invention,
two adjacent pixels are symmetrical to each other with
respect to an axis extending 1n a direction 1n which the data
lines DL1 through DLm extend. That 1s, the two adjacent
pixels are symmetrical to each other with respect to a
column line (e.g., 1n a vertical direction). The two symmetri-
cal adjacent pixels share an initialization voltage line VL
that 1s arranged along a row line. A plurality of driving
voltage lines PL (see FIG. 4) that are arranged 1n columns
(e.g., 1n the vertical direction), which correspond to the two
adjacent symmetrical pixels, are separated from one another
(e.g., by a predetermined distance, or a set distance) and are
parallel to each other. The two driving voltage lines PL (see
FIG. 4) that are symmetrical to each other with respect to the
column line are coupled to each other via a driving voltage
line PL (see FIG. 4) arranged along a row line (e.g., 1n a
horizontal direction), thereby forming a mesh structure.

The scanning driving unit 20 generates two corresponding,
scanning signals, and may transier the corresponding scan-
ning signals to each pixel via respective ones of the plurality
of scanning lines SLO through SLn. That 1s, the scanning
driving unit 20 may transfer a first scanning signal via a first
scanning line 1n which corresponding pixels are ncluded,
and may transfer a second scanning signal via a second
scanning line that 1s previous to the first scanning line. For
example, the scanning driving unit 20 may transfer a {first
scanning signal Sn to a pixel at an n-th row line and an m-th
column line via an n-th scanning line SLn, and may also
transfer a second scanning signal Sn-1 via an (n-1)-th
scanning line SLn-1. Also, the scanning driving unit 20
generates an emission control signal(s) EM1 through EMn,
and may transier the emission control signal EM1 through
EMn to each pixel via the plurality of emission control lines
EL1 through ELn. According the present embodiment, a
scanning signal (e.g., Sn) and an emission control signal
(e.g., EMn) are generated 1n the same scanning driving unit
20, although the present invention 1s not limited thereto. For
example, the display apparatus 100 may further include an
emission control driving unit, that generates the emission
control signal.

In the present embodiment, the data driving unit 30 may
transier data signals D1 through Dm to respective pixels 1
via a plurality of data lines DL1 through DLm.

In the present embodiment of the present invention, the
control unit 40 converts a plurality of externally generated
image signals R, G, and B (e.g., external to the control unit
40) to a plurality of image data signals DR, DG, and DB, and
may then transier the plurality of image data signals DR,
DG, DB to the data driving unit 30. Also, the control unit 40
can receive a vertical synchronization signal Vsync, a hori-
zontal synchronization signal Hsync, and a clock signal
MCLK to generate a control signal for controlling driving of
the scanning driving unit 20 and of the data driving unit 30.
The control umit 40 may transfer the control signal to the
scanning driving unit 20 and the data driving unit 30,
respectively. For example, the control unit 40 generates a
scanning driving control signal SCS and an emission driving
control signal ECS for controlling the scanning driving unit
20, and a data driving control signal DCS for controlling the
data driving unit 30, and may transfer the scanning driving
control signal SCS and the emission driving control signal
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ECS to the scanning driving unit 20, and may transfer the
data driving control signal DCS to the data driving unit 30.
Each of the pixels 1 emits light (e.g., light of a predeter-
mined luminance) according to a driving current I _,_ . (see
FIG. 2) that 1s supplied to the organic light emitting diode
OLED according to the data signals D0 through Dm trans-
terred via the plurality of data lines DL1 through DLm.

FIG. 2 1s an equivalent circuit diagram of a pixel 1 of a
display apparatus 100 according to an embodiment of the
present invention. FIG. 3 1s a schematic circuit diagram of
two adjacent pixels 1 of a display apparatus 100 according
to an embodiment of the present invention.

The pixel 1 illustrated 1n FIGS. 2 and 3 represents one of
a plurality of pixels at an n-th row line, and 1s coupled to a
scanning line SLn corresponding to the n-th row line, and 1s
also coupled to a scanning line SLn-1 corresponding to an
(n—1)-th row line which 1s a previous line of the n-th row
line.

The pixel 1 of the organic light, emitting display appa-
ratus 100 according to the present embodiment includes a
pixel circuit 2, which includes a plurality of thin film
transistors (ITFTs) T1 through T6 and a plurality of storage
capacitors Cstl and Cst2. The pixel 1 also includes an OLED
that receives a driving voltage via the pixel circuit 2 to emait
light.

In the present embodiment of the present invention, the
TFTs T1 through T6 comprise a driving TF'T T1, a switching
TFT T2, a compensation TFT T3, an mitialization TFT T4,
a first emission control TFT TS5, and a second emission
control TFT Té.

The pixel 1 includes a first scanning line SLn, through
which a first scanning signal Sn 1s transferred to the switch-
ing TFT T2 and the compensation TFT T3, a second
scanning line SLn-1, which 1s a previous scanning line, that
transiers a second scanning signal Sn—1 to the mnitialization
TFT T4, an emission control line ELn that transfers an
emission control signal EMn to the first emission control
TFT TS and the second emission control TF'T 16, a data line
DLm that crosses the first scanning line SLn, and through
which a data signal Dm 1s transferred, a driving voltage line
PL that transfers a first power voltage ELVDD and 1is
substantially parallel to the data line DLm, and an 1nitial-
ization voltage line VL, through which an initialization
voltage VINT for imitializing the driving TFT T1 1s trans-
ferred, and 1s substantially parallel to the second scanning
line SLn-1.

A gate electrode G1 of the driving TFT T1 1s coupled to
a first electrode CE1 of the storage capacitor Cstl. A source
clectrode S1 of the driving TFT T1 1s coupled to the driving
voltage line PL through operation of the {first emission
control TFT T5. A drain electrode D1 of the driving TF'T T1
1s coupled to an anode electrode of the OLED through
operation of the second emission control TFT T6. The
driving TFT T1 recerves the data signal Dm according to a
switching operation of the switching TFT T2 to supply a
driving current I ,_ , to the OLED.

A gate electrode G2 of the switching TFT T2 1s coupled
to the first scanning line SLn. A source electrode S2 of the
switching TF'T T2 1s coupled to the data line DLm. A drain
clectrode D2 of the switching TFT T2 1s coupled to the
source electrode S1 of the dnving TFT T1, and 1s also
coupled to the driving voltage line PL through operation of
the first emission control TFT T3S, The switching TFT T2 1s
turned on according to the first scanning signal Sn that 1s
received through the first scanming line SLn to thereby
transfer the data signal Dm from the data line Dm to the
source electrode S1 of the driving TFT T1.
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A gate electrode G3 of the compensation TFT T3 1s
coupled to the first scanning line SLn. A source electrode S3
of the compensation TFT T3 1s coupled to a drain electrode
D1 of the driving TFT T1, and 1s also coupled to an anode
clectrode of the OLED through operation of the second
emission control TFT T6. A drain electrode D3 of the

compensation TFT T3 1s coupled to the first electrode CE1
ol the storage capacitor Cstl, to a drain electrode D4 of the
mitialization TF'T T4, and to the gate electrode G1 of the
driving TFT T1. The compensation TFT T3 is turned on
according to a first scanning signal Sn that 1s recerved via the

first scanning line SLn, thereby coupling the gate electrode
G1 to the drain electrode D1 of the drniving TFT T1 to
diode-connect the driving TFT T1.

A gate electrode G4 of the mnitialization TFT T4 1s coupled
to a second scanning line SLn-1. A source electrode S4 of
the mitialization TFT T4 1s coupled to an imitialization
voltage line VL. A drain electrode D4 of the mitialization
TFT T4 1s coupled to the first electrode CE1 of the storage
capacitor Cstl, to a drain electrode D3 of the compensation
TFT T3, and to the gate electrode G1 of the drniving TFT T1.
The mitialization TFT T4 1s turned on according to the
second scanning signal Sn—1 received via the second scan-
ning line SL.n-1 to transfer an mitialization voltage VINT to
the gate electrode G1 of the driving TEFT T1, thereby
performing an mnitialization operation of mitializing a volt-
age of the gate electrode G1 of the driving TFT T1.

A gate electrode G5 of the first emission control TFT T5
1s coupled to the emission control lime ELn. A source
clectrode S5 of the first emission control TFT T5 1s coupled
to the driving voltage line PL. A drain electrode D5 of the
first emission control TEFT T35 1s coupled to the source
clectrode S1 of the driving TF'T T1 and to the drain electrode
D2 of the switching TFT T2.

A gate electrode G6 of the second emission control TEFT
16 1s coupled to the emission control line ELn. A source
clectrode S6 of the second emission control TFT T6 1is
coupled to the drain electrode D1 of the driving TF'T T1 and
the source electrode S3 of the compensation TF'T T3. The
drain electrode D6 of the second emission control TF'T 16 1s
coupled to the anode of the OLED. The first emission control
TFT T5 and the second emission control TFT T6 are turned
on (e.g., turned on simultaneously) according to the emis-
sion control signal EMn that i1s received via the emission
control line FLn, so that a first power voltage ELVDD 1s
thereby transierred to the OLED, causing a driving current
I, ,to flow in the OLED.

A second electrode CE2 of the first storage capacitor Cstl
1s coupled to the driving voltage line PL. The first electrode
CE1 of the first storage capacitor Cstl 1s coupled to the gate
clectrode G1 of the driving TF'T T1, the drain electrode D3
of the compensation TFT T3, and the drain electrode D4 of
the mmtialization TF'T T4.

A fourth electrode CE4, which 1s of the second storage
capacitor Cst2, 1s also coupled to the driving voltage line PL.
A third electrode CE3, which 1s of the second storage
capacitor Cst2, 1s also coupled to the gate electrode G1 of the
driving TFT T1, the drain electrode D3 of the compensation
TFT T3, and the drain electrode D4 of the initialization TFT
14.

The first storage capacitor Cstl and the second storage
capacitor Cst2 are coupled to each other in parallel. The first
storage capacitor Cstl and the second storage capacitor Cst2
are configured to store a data signal (e.g., Dm) supplied to
a pixel 1 during a data programming period, and to maintain
the data signal during one frame.
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A cathode electrode of the OLED 1s coupled to a second
power voltage ELVSS. The OLED receives a driving current
I, ,irom the driving TFT T1 to display an image. The first
power voltage ELVDD may be a high level voltage (e.g., a
predetermined high level voltage), and the second power
voltage ELVSS may be a voltage that 1s lower than the first
power voltage ELVDD, or may be a ground voltage.

Referring to FIG. 3, according to the present embodiment,
an 1mtialization voltage line VL (through which an initial-
ization voltage VINT 1s supplied), a first scanning line SLn
(through which a first scanming signal Sn 1s supplied), a
second scanning line SLn-1 (through which a second scan-
ning signal Sn-1 1s supplied), and an emission control line
ELn (through which an emission control signal EMn 1s
supplied), are arranged 1n parallel 1n a horizontal direction.
Also, two data lines DLm-1 and DLm and a driving voltage
line PL are arranged in parallel 1n a vertical direction that 1s
substantially orthogonal to the horizontal direction.

Two adjacent pixels 1 share the mitialization voltage line
VL, and are formed such that the data lines DL.m-1 and
DLm and the driving voltage lines PL are separated from
cach other (e.g., by a predetermined or a set distance). The
driving voltage lines PL that face each other are coupled to
one another via a connection wiring 120 extending in the
horizontal direction, such that the driving voltage lines PL
and the connection wiring 120 collectively form a mesh
structure, thereby supplying power in both horizontal and
vertical directions. Accordingly, an area of wirings for
supplying power 1s further extended, thereby preventing a
voltage drop due to a resistance of the wirings.

According to the present embodiment, two adjacent pixels
1 share the mitialization voltage line VL such that the two
adjacent pixels 1 are symmetrical in structure. Accordingly,
a vertical data line DLm-1 along a vertical direction and a
vertical driving voltage line PL are at a left outer portion of
the left pixel 1, and a vertical data line DLm and a vertical
driving voltage line PL are at a right outer portion of the
right pixel 1. Accordingly, other signal wirings of the same
layer are not between the two vertical driving voltage lines
PL of the left and rnight pixels 1. The two vertical driving
voltage lines PL may be coupled to each other via the
connection wiring 120 that 1s formed at the same layer as,
and at the same time as, the vertical driving voltage lines PL.

FIG. 4 1s a view for explaining a mesh structure of driving,
voltage lines PL of a display apparatus according to an
embodiment of the present invention. Referring to FIG. 4,
according to an embodiment of the present invention, a
plurality of driving voltage lines PL of the display apparatus
includes a vertical driving voltage line PLV that extends 1n
a vertical direction for each column line, and a horizontal
driving voltage line PLH that couples corresponding adja-
cent pixels along a row line (e.g., PX1 and PX2, or PX3 and
PX4), thus forming a mesh structure. In the present embodi-
ment, the horizontal driving voltage line PLH 1s formed of
the connection wiring 120 that couples two corresponding
vertical drniving voltage lines PLV. The connection wiring
120 may be formed as a single unit with a wiring extended
from the vertical driving voltage PLV or may be a separate
wiring.

The horizontal dniving voltage line PLH is arranged
according to an arrangement of elements of a pixel circuit.
The vertical driving voltage lines PLV of two pixels that
share a horizontal driving voltage line PLH (e.g., of the first
and second pixels PX1 and PX2) may be separated from
cach other by a relatively long distance, and may face each
other. On the other hand, the vertical driving voltage lines
PLV of two adjacent pixels that do not share a horizontal
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driving voltage line PLH (e.g., the second and third pixels
PX2 and PX3) are adjacent each other and face each other.
No horizontal driving voltage line PLH 1s formed between
two adjacent pixels that do not share the horizontal driving
voltage line PLH (for example, between the second pixel

PX2 and the third pixel PX3).

FIGS. 5 through 10 are views for explaining a method for
forming two adjacent pixels according to an embodiment of
the present invention. FIG. 11 1s a cross-sectional view of the
two adjacent pixels cut along the line A-A' of FIG. 9.
Referring to FIGS. 5 through 11, according to an embodi-
ment of the present invention, active layers 112-1 and 112-2
of the first pixel PX1 and the second pixel PX2 are formed
on a substrate 101. In the present embodiment, the first
active layer 112-1 of the first pixel PX1 and the second
active layer 112-2 of the second pixel PX2 are coupled to
cach other. The first active layer 112-1 and the second active
layer 112-2 have symmetrical structures with respect to a
portion coupling the first pixel PX1 and the second pixel
PX2 (e.g., with respect to a vertical line passing through a
portion coupling the first pixel PX1 and the second pixel
PX2). An active area of the portion coupling the first pixel
PX1 and the second pixel PX2 1s later coupled to an
initialization voltage line VL.

The first active layer 112-1 and the second active layer
112-2 may be formed of, for example, an amorphous silicon
layer, a polycrystalline silicon layer, or an oxide semicon-
ductor layer such as a G-I—72—0 layer [(In,0,)a(Ga,0O;)
b(ZnO)c layer]| (each of a, b, and ¢ 1s a real number that
satisfies the condition of az0, bz=0, ¢c>0). According to the
present embodiment, the first active layer 112-1 and the
second active layer 112-2 are coupled to each other, and
thus, an mnitialization voltage VINT applied through the
initialization voltage line VL may be transierred to the first
pixel PX1 and the second pixel PX2.

A TFT of a pixel circuit 2 1s formed along the first active
layer 112-1 and the second active layer 112-2. Active layers
Al, A2, A3, A4, AS, and A6, which are respectively of a
driving TFT T1, a switching TFT T2, a compensation TFT
13, an 1nitialization TFT T4, a first emission control TFT TS,
and a second emission control TFT 16, are formed at each
of the first active layer 112-1 and the second active layer
112-2. An active layer of each TFT includes a channel region
that 1s not doped with an impurity, and a source region and
a drain region that are formed on respective sides of the
channel region, and which are doped with impurnities. The
impurities may vary according to a type of the TFT, and may
be an N-type or P-type impurity.

In the present embodiment, the first active layer 112-1 and
the second active layer 112-2 may be curved in various
manners. For example, the active layer Al of the driving
TFT T1 may have a curved portion that has a zigzag form,
an ‘S’ shape, or a ‘=’ form. Accordingly, a relatively long
channel region may be formed, thereby increasing a driving
range of a gate voltage. Thus, as the driving range of the gate
voltage 1s broadened, gradation of the light emitted from an
OLED may be adjusted precisely by varying amplitude of
the gate voltage. Consequently, a resolution of the organic
light emitting display apparatus may be increased, and a
display quality may be improved.

Referring to FIGS. 6 through 11, according to the present
embodiment, a first gate insulation layer GI1 1s formed on
the substrate 101 on which the first active layer 112-1 and
the second active layer 112-2 are formed (see FI1G. 11). The
first gate insulation layer GI1 may have a multi-layer
structure 1 which an organic insulation material and an
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inorganic 1nsulation material, or an organic isulation mate-
rial and an inorganic insulation material, are alternatingly
stacked.

In the present embodiment, a first gate wiring GL1 1s
formed on the first gate insulation layer GI1. The first gate
wiring GL1 may include a first scanning line SLn, a second
scanning line SLn-1, an emission control line ELn, and two
first capacitor electrodes 114-1 and 114-2. The first gate
wiring GL1 may include a low-resistance metal such as, for
example, aluminum (Al) or copper (Cu).

The first capacitor electrodes 114-1 and 114-2 also func-
tion as the gate electrode G1 of the driving TFT T1. The two
first capacitor electrodes 114-1 and 114-2 are separated from
cach other, and are symmetrical 1n structure with respect to
a vertical line passing through a portion coupling the first
pixel PX1 and the second pixel PX2. The two first capacitor
clectrodes 114-1 and 114-2 are in the first pixel PX1 and the
second pixel PX2, respectively.

In the present embodiment, the first capacitor electrodes
114-1 and 114-2 are separated from the first scanning line
SLn, the second scanming line SLn-1, and the emission
control line ELn, and overlap a channel region of an active
layer Al of the driving TFT T1 1n the form of a floating
clectrode. The first capacitor electrodes 114-1 and 114-2 are
separated from adjacent pixels, and are substantially square
or rectangular. The first scanning line SLn functions as the
gate electrode G2 of the switching TFT T2, and as the gate
clectrode G3 of the compensation TFT T3. The second
scanning line SLn-1 functions as the gate electrode G4 of
the mitialization TFT T4. The emission control line ELn
functions as the gate electrode G5 of the first emission
control TFT TS, and also as the gate electrode G6 of the
second emission control TFT T6.

Referring to FIGS. 7 and 11, according to the present
embodiment, a second gate insulation layer GI2 1s formed on
the substrate 101 on which the first gate wiring GL1 1s
formed (see FIG. 11). The second gate nsulation layer GI2
functions also as a dielectric body of the first storage
capacitors Cstl. The second gate insulation layer GI2 may
have a multi-layered structure 1n which an organic msulation
material and an 1norganic insulation material, or an organic
insulation material and an 1norganic insulation matenal, are
alternatingly formed.

According to the present embodiment, a second gate
wiring GL2 1s formed on the second gate insulation layer
(GI2. The second gate wiring GIL.2 may include two second
capacitor electrodes 116-1 and 116-2. Similar to the first gate
wiring GL1, the second gate wiring GL2 may also prefer-
ably include a low-resistance metal such as aluminum (Al)
or copper (Cu).

In the present embodiment, the second capacitor elec-
trodes 116-1 and 116-2 respectively overlap the first capaci-
tor electrodes 114-1 and 114-2 to collectively form first
storage capacitors Cstl. The second capacitor electrodes
116-1 and 116-2 are structurally symmetrical with respect to
a vertical line passing through the portion coupling the first
pixel PX1 and the second pixel PX2. The two second
capacitor electrodes 116-1 and 116-2 are in the first pixel
PX1 and the second pixel PX2, respectively. The second
capacitor electrodes 116-1 and 116-2 are coupled to each
other via a bridge 117, which couples the second capacitor
clectrodes 116-1 and 116-2 by a relatively small distance.
The bridge 117 may be positioned or formed to overlap the
horizontal driving voltage line PLH of FIG. 4, which will be
described later.

According to the present embodiment, the second capaci-
tor electrodes 116-1 and 116-2 each include a first storage
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opening portion 115. The first storage opening portion 115
may be a closed curve. Here, a closed curve refers to a closed
figure whose starting point and ending point are i1dentical,
like, for example, a polygon or a circle. The second capacitor
clectrodes 116-1 and 116-2 including the first storage open-
ing portions 115 may have a donut shape. Due to the shape
of the second capacitor electrodes 116-1 and 116-2, even 1f
there 1s an overlay deviation or variation between the first
capacitor electrodes 114-1 and 114-2 and the second capaci-
tor electrodes 116-1 and 116-2 during the manufacturing,
process of the display apparatus, the storage capacitor Cst
may constantly have a substantially uniform capacitance.
When forming at least two overlapping layers, and when the
layers are shifted in a vertical or a horizontal direction, an
overlapped portion of the layers differs from an initially
designed overlapped portion. The diflerence i1n the over-
lapped portion may be referred to as the overlay deviation,
which may occur due to misalignment between a substrate
and a mask, or due to misalignment between a substrate and
an exposure device when a conductive layer 1s being formed
on the surface of the substrate, and the conductive layer 1s
patterned by undergoing a photolithography process. The
overlay deviation may be generated in a system in which
relatively large-sized panels are produced 1n relatively large
amounts within an error range of the processing equipment.
According to present embodiment, even when the first
capacitor electrodes 114-1 and 114-2 are shifted 1n a vertical
or horizontal direction from a position at which the first
capacitor electrodes 114-1 and 114-2 are designed to be
formed, the second capacitor electrodes 116-1 and 116-2 are
configured to respectively overlap the first capacitor elec-
trodes 114-1 and 114-2, and the first storage opening por-
tions 115 of the second capacitor electrodes 116-1 and 116-2
are each configured to respectively overlap the first capacitor
clectrodes 114-1 and 114-2. Thus, a substantially uniform
capacitance may be maintained.

Referring to FIGS. 8 and 11, according to the present
embodiment, a third gate msulation layer GI3 1s formed on
the substrate 101, on which the second gate wiring GL2 1s
formed. Like the first gate insulation layer GI1 and the
second gate insulation layer GI2, the third gate insulation
layer GI3 may have a multi-layer structure in which an
organic insulation material and an morganic insulation mate-
rial, or an organic insulation material and an 1norganic
insulation matenal, are alternatingly stacked.

In the present embodiment, a third gate wiring GL3 1s
formed on the third gate insulation layer GI3. The third gate
wiring GL3 may include two third capacitor electrodes
118-1 and 118-2. Like the first gate wiring GL1 and the
second gate wiring GL.2, the third gate wiring GL3 may also
include a low-resistance metal such as, for example, alumi-
num (Al) or copper (Cu).

The third capacitor electrodes 118-1 and 118-2 overlap the
second capacitor electrodes 116-1 and 116-2 to form a
second storage capacitor Cst2. The third capacitor electrodes
118-1 and 118-2 are separated from each other, and are
symmetrical with respect to vertical line through a portion
coupling the first pixel PX1 and the second pixel PX2. The
two third capacitor electrodes 118-1 and 118-2 may be
formed 1n the first pixel PX1 and the second pixel PX2,
respectively. The third capacitor electrodes 118-1 and 118-2
do not overlap with the bridge 117 that couples the second
capacitor electrodes 116-1 and 116-2.

In the present embodiment, the third capacitor electrodes
118-1 and 118-2 include a second storage opening portion
119. The second storage opening portion 119 may be, for
example, 1n the form of a closed curve, and may be coupled
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to the first storage opening portion 115. Accordingly, the first
capacitor electrodes 114-1 and 114-2 are exposed via the
second storage opening portion 119 and the first storage
opening portion 115.

Retferring to FIGS. 9 and 11, according to the present
embodiment, an interlayer insulation layer ILD 1s formed

on/above the substrate 101 on which the second gate wiring
GL2 1s formed. Like the first, second, and third gate insu-
lation layers GI1, GI2, and GI3, the interlayer insulation
layer ILD may have a multi-layer structure in which an
organic 1nsulation material and an 1organic mnsulation mate-
rial, or an organic insulation material and an 1norganic
insulation matenal, are alternatingly stacked.

In the present embodiment, a first contact hole Cntl 1s
formed 1n the second gate isulation layer GI12, in the third
gate isulation layer I3, and 1n the interlayer insulation
layer ILD by passing through the second storage opening
portion 119 of the third capacitor electrodes 118-1 and 118-2
and through the first storage opening portion 115 of the
second capacitor electrodes 116-1 and 116-2 to expose the
first capacitor electrodes 114-1 and 114-2. A second contact
hole Cnt2 1s formed 1n the 1nterlayer insulation layer ILD to
expose the third capacitor electrodes 118-1 and 118-2. The
first contact hole Cntl and the second contact hole Cnt2 may
be located adjacent each other. The first contact hole Cntl
and the second contact hole Cnt2 are formed both 1n the first
pixel PX1 and the second pixel PX2.

In the present embodiment, a third contact hole Cnt3 1s
formed 1n the third gate insulation layer GI3 and in the
interlayer msulation layer ILD to expose a portion of the
bridge 117 that couples the two second capacitor electrodes
116-1 and 116-2.

In the present embodiment, a fourth contact hole Cnt4 1s
formed 1n the first, second, and third gate msulation layers
GI1, GI2, and GI3, and 1n the mterlayer insulation layer ILD
to expose a drain region of the active layer A3 of the
compensation TF'T T3 and to expose the active layer A4 of
the imtialization TFT T4. A fifth contact hole Cnt5 1s formed
in the first, second, and third gate insulation layers GI1, GI2,
and GI3, and 1n the 1interlayer insulation layer ILD to expose
a source region of the active layer A2 of the switching TFT
12. In the present embodiment, a sixth contact hole Cnté6 1s
formed 1n the first, second, and third gate insulation layers
GI1, GI2, and GI3, and 1n the interlayer insulation layer ILD
to expose the active layer A5 of the first emission control
TFT T5. A seventh contact hole Cnt7 1s formed 1n the first,
second, and third gate msulation layers GI1, GI2, and GI3,
and 1n the interlayer insulation layer ILD to expose the
active layer A6 of the second emission control TF'T T6. An
eighth contact hole Cnt8 1s formed 1n the first, second, and
third gate insulation layers GI1, GI2, and GI3, and in the
interlayer insulation layer ILD to expose a portion that
couples the first active layer 112-1 of the first pixel PX1 and
the second active layer 112-2 of the second pixel PX2.

According to the present embodiment, the data line
DLm-1 or DLm, the driving voltage line PL in a vertical
direction, a connecting wiring 120 formed in a horizontal
direction, a contact node 130 that couples the first contact
hole Cntl and the second contact hole Cnt2 are formed on
the interlayer insulation layer ILD. Further, a first cover
metal CM1 covers the seventh contact hole Cnt7, and a
second cover metal CM2 covers the eighth contact hole
Cnt8, the first and second cover metals CM1 and CM2 being
formed on the interlayer insulation layer ILD.

The data line DLm-1 or DLm may be located for each
pixel at an outer portion of the pixel 1 a vertical direction.
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The data line DLm-1 or DLm may be coupled to the
switching TFT T2 via the fifth contact hole CntS5.

According to the present embodiment, the driving voltage
line PL includes a driving voltage line PL 1 a vertical
direction and a connection wiring 120, which 1s a driving
voltage line 1n a horizontal direction. The driving voltage
line PL 1n a vertical direction for each pixel 1s adjacent a
respective data line DLm-1 or DLm. Two driving voltage
lines PL 1n a vertical direction face each other, with the first
pixel PX1 and the second pixel PX2 included therebetween.
A dniving voltage line PL in a horizontal direction crosses
the first pixel PX1 and the second pixel PX2 1n a horizontal
direction, and couples the vertical driving voltage lines PL
of the first pixel PX1 and the second pixel PX2. Accordingly,
the driving voltage lines PL are in a mesh structure con-
figuration. The connection wiring 120, which 1s a driving
voltage line PL 1n a horizontal direction, may be coupled to
the bridge 117 through the third contact hole Cnt3, and
accordingly, the connection wiring 120 can transfer a volt-
age to the two second capacitor electrodes 116-1 and 116-2.

In the present embodiment, the contact node 130 respec-
tively couples the first capacitor electrodes 114-1 and 114-2
and the third capacitor electrodes 118-1 and 118-2. Accord-
ingly, respective ones of the first capacitor electrodes 114-1
and 114-2 and the third capacitor electrodes 118-1 and 118-2
have the same potential, and the first storage capacitor Cstl
and the second storage capacitor Cst2 have a parallel con-
nection arrangement. The contact node 130 couples the first
capacitor electrodes 114-1 and 114-2, the compensation TFT
13, and the mmitialization TFT T4.

In the present embodiment, the data lines DLm-1 and
DLm, the driving voltage line PL including the connection
wiring 120, the contact node 130, the first cover metal CM1,
and the second cover metal CM2 may be formed on the same
layer and of the same material.

In the present embodiment, a protection layer PVL 1s
formed on/above the substrate 101 on/above which the data
lines DLm-1 and DLm, the driving voltage line PL includ-
ing the connection wiring 120, the contact node 130, the first
cover metal CM1, and the second cover metal CM2 are
formed. In the protection layer PVL, there are a first via
hole(s) VH1 and a second via hole VH2 that respectively
expose a portion of the first cover metal CM1 and a portion
of the second cover metal CM2 (see FIG. 10). The first via
hole(s) VH1 and the second via hole VH2 (e.g., the material
filling the first and second via holes VH1 and VH2) may be
formed of the same material.

By forming a common second via hole VH2 for two
adjacent pixels (e.g., the first and second pixels PX1 and
PX2), an aperture ratio of pixels may be improved when
compared to forming a second via hole VH2 for each pixel.

Referring to FIG. 10, according to the present embodi-
ment, pixel electrodes PE1 and PE2, and an imitialization
voltage line VL are formed on the protection layer PVL. The
pixel electrodes PE1 and PE2 are coupled to the second
emission control TF'T Té6 via the first via hole VHI. The
initialization voltage line VL 1s coupled to the imitialization
TFT T4 of the first pixel PX1 and of the second pixel PX2
via the second via hole VH2, thereby being able to transier
the initialization voltage VIN'T to the first pixel PX1 and the
second pixel PX2 at the same time. The mnitialization voltage
line VL. may be formed on the same layer and of the same
material as the pixel electrodes PE1 and PE2.

In the present embodiment, a pixel define layer PDL 1s
formed at a boundary of the pixel electrodes PE1 and PE2,
and on the protection layer PVL. The pixel define layer PDL
may have a pixel opening portion that exposes the pixel
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clectrodes PE1 and PE2. The pixel define layer PDL may be
formed of an organic material such as, for example, a
polyacrylate resin or a polyimide, or of an tnorganic material
such as a silica-based material. In the present embodiment,
organic layers OF1 and OE2 and an opposite electrode
(which covers the organic layers OE1 and OE2 and 1s
formed on/over the entire surface of a substrate), are formed
on the pixel electrodes PE1 and PE2 that are exposed via the
pixel opening portion. Consequently, an OLED of each of
the first pixel PX1 and the second pixel PX2, which respec-
tively include the pixel electrodes PE1 and PE2, the organic
layers OFE1 and OE2 on the pixel electrodes PE1 and PE2,
and a corresponding opposite electrode, are formed.

When the display apparatus i1s a top emission display
apparatus, the pixel electrodes PE1 and PE2 are reflective
clectrodes, and the opposite electrode 1s a light-transmissive
clectrode. Accordingly, the opposite electrode may include a
semi-transmissive reflective layer formed of, for example,
Ag, Mg, Al, Pt, Pd, Au, N1, Nd, Ir, Cr, L1, Ca or the like, in
the form of a thin film, or may include a light-transmissive
metal oxide such as ITO, IZ0, or ZnO.

When the display apparatus 1s a bottom emission display
apparatus, the opposite electrode may be formed to have a
reflecting function by depositing, for example, Ag, Mg, Al,
Pt, Pd, Au, Ni, Nd, Ir, Cr, L1, Ca or the like. When using the
pixel electrodes PE1 and PE2 as an anode electrode, a layer
formed of a metal oxide having a relatively high work
function (absolute value) such as, for example, I'TO, IZO, or
/Zn0 1s mcluded. Also, the opposite electrode 1s formed of a
cathode electrode.

When the pixel electrodes PE1 and PE2 are used as
cathode electrodes, a relatively high-conductivity metal hav-
ing a low work function (absolute value) such as, for
example, Ag, Mg, Al, Pt, Pd, Au, N1, Nd, Ir, Cr, L1, Ca or the
like 15 used, and the opposite electrode 1s formed as an anode
clectrode.

The organic layers OE1 and OE2 of the first pixel PX1
and the second pixel PX2 may be formed in a single-layer
structure or a multi-layer structure 1n which at least one of
functional layers such as, for example, an emissive layer
(EML), a hole transport layer (HTL), a hole injection layer
(HIL), an electron transport layer (E'TL), and an electron
injection layer (EIL), 1s stacked. The organic layers OFE1 and
OE2 may be formed of a low-molecular maternial, or of a
polymer organic material. When light of a red, green, or blue
color 1s emitted from the organic layers OE1 and OE2, the
emissive layer may be patterned to a red emissive layer, a
green emissive layer, and a blue emissive layer; according to
a red sub-pixel, a green sub-pixel, and a blue sub-pixel,
respectively.

According to the above-described embodiments of the
present nvention, an organic emissive layer 1s formed in
cach of the pixels. Accordingly, red, green, and blue color
light 1s emitted from each pixel, and a pixel group emitting
red, green, and blue color light may form a single unit pixel.
However, the embodiments of the present invention are not
limited thereto, and an organmic emissive layer may be
commonly formed for the entire pixel. For example, a
plurality of organic emissive layers that emit red, green, and
blue light may be stacked vertically, or may be mixed so as
to emit white light. However, a combination of colors for
emitting white light 1s not limited thereto. For example, a
color conversion layer or a color filter that converts the
emitted white light to another predetermined or set color
may be additionally included.

FIGS. 12 and 13 are schematic views for explaining a
comparative example of pixels.
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According to the comparative example, an active layer
212-1 of a first pixel PX1 and an active layer 212-2 of a
second pixel PX2 are separately formed on a substrate 101.
A first gate isulation layer, a first gate wiring, a second gate
insulation layer, a second gate wiring, a third gate insulation
layer, a third gate wiring, and an 1nterlayer insulation layer
are sequentially formed on the active layers 212-1 and
212-2.

The first gate wiring may include a first scanning line
SLn, a second scanning line SLn-1, an emission control line
ELn, and first capacitor electrodes 214-1 and 214-2. The
second gate wiring may include second capacitor electrodes
216-1 and 216-2. The third gate wiring may include third
capacitor electrodes 218-1 and 218-2. The second capacitor
clectrode 216-1 of the first pixel PX1 and the second
capacitor electrode 216-2 of the second pixel PX2 are
coupled to each other.

A data line DL and a driving voltage line PL are formed
on the interlayer msulation layer. The driving voltage line
PL extends in a vertical direction. The second capacitor
clectrode 216-1 of the first pixel PX1, and the second
capacitor electrode 216-2 of the second pixel PX2, are
coupled to the driving voltage line PL via a contact hole, so
that the second capacitor electrodes 216-1 and 216-2 form a
mesh structure of the driving voltage lines PL. To couple the
second capacitor electrodes 216-1 and 216-2 to the driving
voltage line PL, the third capacitor electrodes 218-1 and
218-2 between the second capacitor electrodes 216-1 and
216-2 and the driving voltage line PL have a hollow portion
corresponding to the contact hole. Further, a first cover metal
CM1 and a second cover metal CM2 are formed on the
interlayer isulation layer.

A protection layer 1s formed on the substrate on which the
data lines DL m-1 and DLm, the driving voltage line PL, the
first cover metal CM1, and the second cover metal CM2 are
formed. A first via hole VH1 and a second via hole VH2 that
respectively expose a portion of the first cover metal CM1
and the second cover metal CM2 are formed 1n the protec-
tion layer of the first pixel PX1 and the second pixel PX2,
respectively.

Pixel electrodes PE1 and PE2 and an initialization voltage
line VL are formed on the protection layer. Each of the pixel
clectrodes PE1 and PE2 1s respectively coupled to the
second emission control TFTs T6 of the first and second
pixel PX1 and PX2 via the first via holes VH1. An 1nitial-
ization voltage line VL 1s coupled to the imtialization TFT
T4 of each of the first pixel PX1 and the second pixel PX2
via the second via holes VH2 of the first pixel PX1 and of
the second pixel PX2, thereby enabling the transfer of an
initialization voltage VINT to the first pixel PX1 and the
second pixel PX2.

FIG. 14 1s a schematic view of a surface area al of the
second storage capacitor Cst2 of FIG. 9 according to an
embodiment of the present invention, and FIG. 15 1s a
schematic view ol a surface area a2 of a second storage
capacitor of FIG. 12 according to the comparative example.

According to an embodiment of the present invention, as
illustrated 1n FIG. 14, a driving voltage line PL having a
mesh structure 1s included, and the two second capacitor
clectrodes 116-1 and 116-2 receive a voltage via the con-
nection wiring 120, which 1s a horizontal driving voltage
line, through a third contact hole Cnt3 (see FIG. 9). Also, the
third contact hole Cnt3 corresponds to the bridge 117 that
couples the two second capacitor electrodes 116-1 and
116-2. Accordingly, the third contact hole Cnt3, which 1s
included for connecting the driving voltage line PL and the
second capacitor electrodes 116-1 and 116-2, 1s formed 1n a
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portion that does not correspond to the third capacitor
clectrodes 118-1 and 118-2. As a result, there 1s substantially

no loss 1 a portion where the second capacitor electrodes

116-1 and 116-2 and the third capacitor electrodes 118-1 and
118-2 overlap with each other due to the third contact hole
Cnt3. Thus, the second storage capacitor Cst2 that has a

comparatively larger capacity may be configured.

On the other hand, according to the comparative example
of FIG. 15, the driving voltage line PL extends 1n a vertical
direction. Accordingly, a contact hole 1s utilized to couple
the second capacitor electrodes 216-1 and 216-2 and the
driving voltage line PL at a position corresponding to a
portion of the second capacitor electrodes 216-1 and 216-2
in each pixel. Accordingly, a portion of the third capacitor
clectrodes 218-1 and 218-2 that overlaps with the second
capacitor electrodes 216-1 and 216-2 1s removed. Conse-
quently, 1n the embodiment illustrated 1n FIG. 14, capaci-
tance of the second storage capacitor Cst2 1s greater than that
ol the second storage capacitor of the comparative example
of FIG. 15. Experiments showed that the surface area al of
the storage capacitor Cst2 according to the embodiments of
the present mvention increases by up to 38% or more
compared to the surface area a2 ol the second storage
capacitor of the comparative example of FIG. 15.

According to the above-described embodiments of the
present invention, an active matrix (AM) type organic light
emitting display apparatus having a 61r-2Cap structure
including six TFTs and two capacitors in each pixel is
illustrated. However, the embodiments of the present inven-
tion are not limited thereto. Thus, a display apparatus may
have various structures. For example, a display apparatus
may include a plurality of TF'Ts and at least one capacitor in
cach pixel, and additional wirings may be further formed or
conventional wirings may be omaitted.

According to the embodiments of the present invention, a
first pixel and a second pixel that are adjacent each other 1n
a row direction are symmetrical with respect to a portion
coupling the first pixel and the second pixel, and a voltage
1s commonly applied to capacitor devices in the two pixels.
The capacitance may be increased without reducing a sur-
face area of a portion where the two electrodes of the
capacitor are overlapped.

While aspects of embodiments of the present invention
has been particularly shown and described with reference to
example embodiments thereof, 1t will be understood by
those having 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 embodiments present
invention as defined by the following claims, and their
equivalents.

What 1s claimed 1s:

1. An organic light emitting display apparatus comprising:

two pixels symmetrical to each other, located on a sub-
strate, and adjacent each other 1n a first direction, each
of the pixels comprising a pixel circuit and an organic
light emitting diode (OLED);

two top capacitor electrodes separated from each other
and symmetrical to each other, each of the top capacitor
clectrodes being respectively located 1n one of the pixel
circuilts;

two 1mtermediate capacitor electrodes symmetrical to each
other and 1nsulated from, and overlapping with, the top
capacitor electrodes;

a bridge coupling the intermediate capacitor electrodes
without overlapping the top capacitor electrodes; and
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a driving voltage line coupled to the bridge, and config-
ured to apply a common voltage to the intermediate
capacitor electrodes.

2. The organic light emitting display apparatus of claim 1,
wherein an entirety of each of the top capacitor electrodes
overlaps with a respective one of the intermediate capacitor
clectrodes.

3. The organic light emitting display apparatus of claim 1,
turther comprising two bottom capacitor electrodes sym-
metrical to each other and located below the intermediate
capacitor electrodes, the bottom capacitor electrodes being
insulated from, and overlapping with, the intermediate
capacitor electrodes.

4. The organic light emitting display apparatus of claim 3,
turther comprising a contact node electrically coupling the
bottom capacitor electrodes to each other, and electrically
coupling the top capacitor electrodes to each other, via
storage opening portions defined by the top capacitor elec-
trodes, and by the intermediate capacitor electrodes, to
expose the bottom capacitor electrodes.

5. The organic light emitting display apparatus of claim 4,
wherein the contact node 1s configured to apply an 1nitial-
1ization voltage during an mitialization period.

6. The organic light emitting display apparatus of claim 3,
further comprising a driving thin film transistor (TFT)
comprising:

a gate electrode that 1s the bottom capacitor electrodes;

and

an active layer insulated from the bottom capacitor elec-
trodes.

7. The organic light emitting display apparatus of claim 1,

wherein the driving voltage line comprises:

a plurality of first driving voltage lines extending in a
second direction crossing the first direction and con-
figured to apply the common voltage to the pixels; and

a second driving voltage line coupled to the bridge and
extending 1n the first direction.

8. The organic light emitting display apparatus of claim 7,
wherein the plurality of first driving voltage lines and the
second driving voltage line comprise a mesh structure
configuration.

9. The organic light emitting display apparatus of claim 7,
wherein the first driving voltage lines are separated from one
another and arranged symmetrically.

10. An organic light emitting diode display comprising:

a substrate;

a first scanning line on the substrate;

a first data line crossing the first scanning line;

a first driving voltage line crossing the first scanning line;

a first thin film transistor electrically coupled to the first
scanning line and the first data line;

a second thin film transistor electrically coupled to a first
driving voltage line and the first thin film transistor, the
second thin film transistor comprising a first gate
electrode and a first active layer including a curved
portion that is under and overlapping the first gate
electrode;

a first organic light emitting diode electrically coupled to
the second thin film transistor;

a third thin film transistor electrvically coupled the first
organic light emitting diode and the second thin film
transistor;

an insulating laver covering the second thin film transis-
tor; and

a first storage capacitor electrically coupled to the first
gate electrode of the second thin film transistor, the first
storage capacitor comprising a first capacitor elec-
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trode and a second capacitor electrode overlapping the

first capacitor electrode, the first capacitor electrode
comprising at least a portion of the first gate electrode
of the second thin film transistor,

d wherein a portion of the insulating layver is between the

first capacitor electrode and the second capacitor elec-
trode, and

wherein the first active layer is coupled to an active layer

of the third thin film transistor.

11. The organic light emitting diode display of claim 10,
further comprising a fourth thin film transistor electrically
coupled to the first driving voltage line and the second thin
film transistor.

12. The organic light emitting diode display of claim 11,
wherein the first active layer of the second thin film tran-
sistor is coupled an active layer of the fourth thin film
transistor.

13. The organic light emitting diode display of claim 10,
20 further comprising:

a second data line crossing the first scanning line;

a second driving voltage line;

a fifth thin film transistor electrically coupled to the first
scanning line and the second data line;

sixth thin film transistor electrically coupled to the

second driving voltage line and the fifth thin film

transistor, the sixth thin film transistor comprising a

second gate electrode and a second active layer that is

curved under the second gate electrode;

a second organic light emitting diode electrically coupled
to the sixth thin film transistor,

a seventh thin film transistor electrically coupled to the
second organic light emitting diode and the sixth thin
film transistor; and

a second storage capacitor electrically coupled to the
sixth thin film transistor, the second storage capacitor
comprising a thivd storage capacitor electrode and a
fourth storage capacitor electrode overlapping the
third storage capacitor electrode, the thivd storage
capacitor electrode comprising at least a portion of the
second gate electrode of the sixth thin film transistor,

wherein a portion of the insulating layer is between the
third storage capacitor electrode and the fourth storage
capacitor electrode,

wherein the second active layer is coupled to an active
laver the seventh thin film transistor, and

wherein the first storage capacitor and the second storage
capacitor arve symmetrical to each other.

14. The organic light emitting diode display of claim 13,

50 further comprising an eighth thin film transistor electrically

coupled to the second driving voltage line and the sixth thin

film transistor.

15. The organic light emitting diode display of claim 14,
wherein the second active layer is coupled to an active layer
of the eighth thin film transistor.

16. The organic light emitting diode display of claim 13,
wherein the second capacitor electrode and the fourth
storage capacitor electrode are at a same layer.

17. The organic light emitting diode display of claim 16,
wherein the second capacitor electrode and the fourth
storage capacitor electrode are electrically coupled to one
of the first and second drviving voltage lines.

18. An organic light emitting diode display comprising:

a substrate;

a first scanning line on the substrate;

a first data line crossing the first scanning line;

a first dviving voltage line crvossing the first scanning line;
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a first thin film transistor electrically coupled to the first
scanning line and the first data line;

a second thin film transistor electrically coupled to the
first driving voltage line and the first thin film transis-
tov, the second thin film transistor comprising a first
gate electrode and a first active layer;

a first organic light emitting diode electrically coupled to
the second thin film transistor:

a thivd thin film transistor electrically coupled to the first
organic light emitting diode and the second thin film
transistor;

an insulating layver covering the second thin film transis-
tor; and

a first storage capacitor electrically coupled to the first
gate electrode of the second thin film transistor, the first
storage capacitor comprising a first capacitor elec-
trode and a second capacitor electrode overlapping the
first capacitor electrode, the first capacitor electrode
comprising at least a portion of the first gate electrode
of the second thin film transistor,

wherein a portion of the insulating laver is between the
first capacitor electrode and the second capacitor elec-
trode,

wherein the insulating layer has a first contact hole

exposing the first capacitor electrode, and

wherein the first active laver is coupled to an active layer

of the thivd thin film transistor.

19. The organic light emitting diode display of claim 18,
Jurther comprising a fourth thin film transistor electvically
coupled to the first driving voltage line and the second thin
film transistor.

20. The organic light emitting diode display of claim 19,

wherein the first active layer is coupled to an active layer of

the fourth thin film transistor.

21. The organic light emitting diode display of claim 20,
wherein the first active layer is curved under the first gate
electrode of the second thin film transistor.

22. The organic light emitting diode display of claim 18,
wherein the second capacitor electrode has an opening
portion overlapping the first contact hole.

23. The organic light emitting diode display of claim 22,
further comprising

a fourth thin film transistor electrically coupled to the

second thin film transistor; and

a contact node connecting the fourth thin film transistor

and the first gate electrode, an end of the contact node
contacting the first gate electrode via the opening
portion and the first contact hole.

24. The organic light emitting diode display of claim 18,
further comprising a neighboring capacitor comprising a
third capacitor electrode and a fourth capacitor electrode
overlapping the third capacitor electrode, the fourth capaci-
tor electrode and the second capacitor electrode being
electrically coupled to each other.

25. The organic light emitting diode display of claim 24,
wherein the second capacitor electrode has an opening
portion overlapping the first contact hole.

26. The organic light emitting diode display of claim 18,
further comprising:

a second data line crossing the first scanning line;

a second driving voltage line crossing the first scanning

line;

a fifth thin film transistor electrically coupled to the first

scanning line and a second data line;

a sixth thin film transistor electrvically coupled to the

second driving voltage line and the fifth thin film
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transistor, the sixth thin film transistor comprising a

second gate electrode and a second active layer,

a second organic light emitting diode electrically coupled

to the sixth thin film transistor;

5 a seventh thin film transistor electrically coupled to the
second organic light emitting diode and the sixth thin
film transistor; and

a second storage capacitor electrically coupled to the

second gate electrode of the sixth thin film transistor,

10 the second storage capacitor comprising a thivd
capacitor electrode and a fourth capacitor electrode
overlapping the thivd capacitor electrode, the thivd
capacitor electrode comprising at least a portion of the
second gate electrode of the sixth thin film transistor,

15 wherein a portion of the insulating laver is between the
third capacitor electrode and the fourth capacitor
electrode,

wherein the insulating laver has a second contact hole

exposing the third capacitor electrode,

20  wherein the second active layver is coupled to the second
active layer of the sixth thin film transistor, and

wherein the first active layver and the second active layer

are symmetrical to each other.

27. The organic light emitting diode display of claim 26,

25 further comprising an eighth thin film transistor electrically

coupled to the second driving voltage line and the sixth thin
film tramsistor.

28. The organic light emitting diode display of claim 27,
wherein the second active layer is coupled to an active layer

30 of the eighth thin film transistor.

29. The organic light emitting diode display of claim 26,
wherein the second capacitor electrode and the fourth
capacitor electrode are at a same layer.

30. The organic light emitting diode display of claim 29,

35 wherein the second capacitor electrode and the fourth

capacitor electrode ave electrically coupled to the first and
second driving voltage lines.

31. An organic light emitting diode display comprising:

a first scanning line;

40  a first data line and a second data line crossing the first
scanning line;

a first driving voltage line and a second driving voltage

line crossing the first scanning line; and

a first pixel circuit and a second pixel circuit neighboring

45 each other,

wherein the first pixel circuit comprises.

a first thin film transistor electrically coupled to the
first scanning line and the first data line;

a first capacitor comprising a first capacitor electrode

50 and a second capacitor electrode, the first capacitor

electrode being connected to the first driving voltage
[ine;

a second thin film transistor electrically coupled to the
first driving voltage line and comprising an active

55 layver that includes a curved portion which is under

and overlapping the first capacitor; and

a first organic light emitting diode electrically coupled
to the second thin film transistor,

wherein the second pixel civcuit comprises.:

60 a third thin film transistor electrically coupled to the

first scanning line and the second data line;

a second capacitor comprising a third capacitor elec-
trode and a fourth capacitor electrode, the third
capacitor electrode being comnnected to the second

65 driving voltage line;

a fourth thin film transistor electrically coupled to the
second driving voltage line and comprising an active
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layer that includes a curved portion which is under
and overlapping the second capacitor; and

a second organic light emitting diode electrically
coupled to the fourth thin film transistor.

32. The organic light emitting diode display of claim 31, 5
wherein the first capacitor and the second capacitor are
symmetrical to each other.

33. The organic light emitting diode display of claim 31,
wherein the first pixel civcuit further comprises a fifth thin
film transistor and a first contact node comnnecting the 10
second capacitor electrode and the fifth thin film transistor,
and

wherein the second pixel civcuit further comprises a sixth

thin film transistor and a second contact node connect-
ing the fourth capacitor electrode and the sixth thin film 15
fransistor.

34. The organic light emitting diode display of claim 31,
wherein the first pixel circuit comprises a first active layer,
the active layer of the second thin film transistor being part
of the first active layer, 20

wherein the first and second thin film tramnsistors ave

Jormed along the first active layer,
wherein the second pixel circuit comprises a second
active laver, the active laver of the fourth thin film
transistor being part of the second active layer, and 25
wherein the third and fourth thin film transistors ave
formed along the second active layer.
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