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(57)  Provided is an organic light-emitting display ap-
paratus (100) and a method of repairing the same. The
organic light-emitting display apparatus (100) includes:
an emission device (E) comprising a plurality of sub-
emission devices (SE1, SE2); an emission pixel circuit
(PCi) configured to supply a driving current to the emis-
sion device; a dummy pixel circuit (PCn+1) configured to
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supply the driving current to the emission device (E); and
a repair line (RL) coupling the emission device (E) to the
dummy pixel circuit (PCn+1), wherein the emission de-
vice (E)is configured to receive the driving current from
the emission pixel circuit (PCi) or the dummy pixel circuit
(PCn+1).

FIG. 27

RL DL
SLi

RL DL
SLi

Ep_l—" PCi —

cut——4-—

=

EP_|—"" PCi —

SLn+1
short |

e
Lo ot

SN2

Skn+1

PCn+1

SN2

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 806 458 A2 2

Description
BACKGROUND
1. Field

[0001] Embodiments of the present invention relate to
an organic light-emitting display apparatus and a method
of repairing the same.

2. Description of the Related Art

[0002] In an organic light-emitting display apparatus,
when a pixel is defective, the pixel may emit light all the
time or may display black (e.g., may not emit light), re-
gardless of a scan signal and a data signal applied to the
pixel. Pixels that emit light all the time, regardless of the
scan or data signals, are regarded as bright spots (or hot
spots). By contrast, pixels that do not emit light (e.g.,
displayed inblack), regardless of the scan or data signals,
is regarded as a dark spot (or a black spot).

[0003] As acircuitin the pixel becomes more complex,
bright spots or dark spots due to circuit defects may not
be easily solved or prevented.

SUMMARY

[0004] Embodiments of the present invention provide
a display apparatus for forming a redundancy pattern in
each column of pixels on a panel and normally driving a
defective pixel by using the redundancy pattern.

[0005] According to an embodiment of the present in-
vention, there is provided An organic light-emitting dis-
play apparatus including: an emission device including
a plurality of sub-emission devices; an emission pixel cir-
cuit configured to supply a driving current to the emission
device; a dummy pixel circuit configured to supply the
driving current to the emission device; and a repair line
coupling the emission device to the dummy pixel circuit,
wherein the emission device is configured to receive the
driving current from the emission pixel circuit or the dum-
my pixel circuit.

[0006] Each of the plurality of sub-emission devices
may include: a lower electrode among a plurality of sep-
arated lower electrodes; an upper electrode commonly
facing the plurality of separated lower electrodes; and an
emission layer between the lower electrode and the up-
per electrode, wherein the plurality of separated lower
electrodes are electrically coupled to each other through
an electrode connection wiring.

[0007] The electrode connection wiring may include at
least one of metal, amorphous silicon, crystalline silicon,
and an oxide semiconductor.

[0008] The electrode connection wiring may be at a
same layer and of a same material as an active layer of
the emission pixel circuit.

[0009] The electrode connection wiring may be inte-
grally formed with the plurality of separated lower elec-

10

15

20

25

30

35

40

45

50

55

trodes.

[0010] The electrode connection wiring may include: a
plurality of first connection units coupled to the plurality
of separated lower electrodes; a second connection unit
coupled to the emission pixel circuit; and a plurality of cut
nodes between the first connection units and the second
connection unit, wherein the cut nodes are cut to electri-
cally isolate the plurality of separated lower electrodes
from each other.

[0011] The electrode connection wiring may be cou-
pled to the plurality of separated lower electrodes in each
of the first connection units through a first contact hole
and may be coupled to the emission pixel circuit through
a second contact hole in the second connection unit.
[0012] The organic light-emitting display apparatus
may further include at least one circuit wiring having one
end coupled to the emission pixel circuit and another end
coupled to the second connection unit, wherein the at
least one circuit wiring may be configured to be cut to
electrically isolate the emission pixel circuit from the
emission device.

[0013] The organic light-emitting display apparatus
may furtherinclude a first repair connection wiring having
one end coupled to the repair line and another end over-
lapping with a first short wiring coupled to one of the first
connection units; and an insulating layer between the
first repair connection wiring and the first short wiring,
wherein the first repair connection wiring is configured to
be coupled to the first short wiring utilizing a laser beam.
[0014] Each of the first repair connection wiring and
the first short wiring may be at a same layer and of a
same material as respective conductive layers formed
on different layers of the emission pixel circuit.

[0015] The dummy pixel circuit may be on at least one
row among first and last rows of each column, or at least
one column among first and last columns of each row.
[0016] The emission pixel circuit may be in a display
area and the dummy pixel circuit is in a non-display area.
[0017] The emission pixel circuit and the dummy pixel
circuit may have a same component structure and/or
function.

[0018] The dummy pixel circuit may be coupled to the
emission device through a second repair connection wir-
ing having one end coupled to the repair line and another
end overlapping with a second short wiring coupled to
the dummy pixel circuit, wherein an insulating layer may
be between the second repair connection wiring and the
second short wiring.

[0019] The repair line may be coupled to a power volt-
age line through a power connection wiring and may be
configured to be electrically isolated from the power volt-
age line by cutting the power connection wiring.

[0020] The repair line may be in each column or row.
[0021] The emission pixel circuit may include: a first
transistor configured to transfer a data signal in response
to a scan signal; a capacitor configured to be charged
with a voltage corresponding to the data signal; and a
second transistor configured to transfer a driving current
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corresponding to the voltage charged in the capacitor to
the emission device.

[0022] The emission pixel circuit may include: a first
transistor configured to receive a data signal from a data
line in response to a scan signal; a second transistor
configured to transfer a driving current corresponding to
the data signal to the emission device; a third transistor
configured to diode-connect the second transistor; a first
capacitor configured to be charged with a voltage corre-
sponding to the data signal; and a second capacitor con-
nected to one electrode of the first capacitor and a gate
electrode of the second transistor.

[0023] The emission pixel circuit may further include:
a fourth transistor connected to between the first transis-
tor and the one electrode of the first capacitor; a fifth
transistor connected to between the data line and the
one electrode of the first capacitor; and a third capacitor
having one electrode connected to a node between the
first transistor and the fourth transistor and another elec-
trode connected to a gate electrode of the fifth transistor.
[0024] The emission pixel circuit may include: a first
transistor configured to receive a data signal from a data
line in response to a scan signal; a second transistor
configured to transfer a driving current corresponding to
the data signal to the emission device; a third transistor
configured to diode-connect the second transistor; a
fourth transistor connected to between the first transistor
and the second transistor; a fifth transistor connected to
between the second transistor and the emission device;
a sixth transistor connected to between a gate electrode
of the second transistor and an initial power; a first ca-
pacitor connected to between the gate electrode of the
second transistor and a first power source; and a second
capacitor having one electrode connected to a node be-
tween the first transistor and the fourth transistor and
another electrode connected to a second power source.
[0025] The dummy pixel circuit may be configured to
supply the driving current to the emission device at a
predetermined time.

[0026] The dummy pixel circuit may be configured to
supply a same data signal as that supplied by the emis-
sion pixel circuit to the emission device.

[0027] The plurality of sub-emission devices may in-
clude: a first sub-emission device including a first lower
electrode, an upper electrode facing the first lower elec-
trode, and a first emission layer between the first lower
electrode and the upper electrode; and a second sub-
emission device including a second lower electrode, the
upper electrode facing the second lower electrode, and
a second emission layer between the second lower elec-
trode and the upper electrode, wherein the first lower
electrode and the second lower electrode are coupled to
each other through an electrode connection wiring.
[0028] The electrode connection wiring may include: a
first connection unit coupled to the first lower electrode;
a second connection unit coupled to the second lower
electrode; a third connection unit coupled to the emission
pixel circuit; a first node between the first connection unit
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and the third connection unit and configured to be cut to
electrically isolate the first sub-emission device from the
emission pixel circuit; and a second node between the
second connection unit and the third connection unit and
configured to be cut to electrically isolate the second sub-
emission device from the emission pixel circuit.

[0029] The organic light-emitting display apparatus
may furtherinclude a first repair connection wiring having
one end coupled to the repair line and another end over-
lapping with a first short wiring coupled to the first con-
nection unit; afirstinsulating layer between the first repair
connection wiring and the first short wiring, wherein the
first repair connection wiring is configured to be coupled
to the first short wiring utilizing a laser beam; a second
repair connection wiring having one end coupled to the
repair line and another end overlapping with a second
short wiring coupled to the dummy pixel circuit; and a
second insulating layer between the second repair con-
nection wiring and the second short wiring, wherein the
second repair connection wiring is configured to be cou-
pled to the second short wiring utilizing the laser beam.
[0030] According to another embodiment of the
present invention there is provided a method of repairing
a defective pixel in an organic light emitting display ap-
paratus, the organic light emitting display apparatus in-
cluding a plurality of emission pixels including an emis-
sion device including a plurality of sub-emission devices,
the sub-emission devices being configured to receive a
corresponding driving current from one of an emission
pixel circuit and a dummy pixel circuit, the method includ-
ing: connecting the defective pixel to the dummy pixel
circuit through a repair line; and after connecting the de-
fective pixel to the dummy pixel circuit, if the defective
pixel does not normally emit light, separating the plurality
of sub-emission devices.

[0031] The separating of the plurality of sub-emission
devices may include: cutting between a connection unit
of the emission pixel circuit and a connection unit of each
of lower electrodes of the plurality of sub-emission de-
vices in an electrode connection wiring that couples the
lower electrodes to each other.

[0032] The method may further include after coupling
the defective pixel to the dummy pixel circuit, if the de-
fective pixel normally emits light, separating the emission
pixel circuit and the emission device from each other.
[0033] The separating of the emission pixel circuit and
the emission device may include: cutting at least one
wiring coupled between the emission pixel circuit and the
lower electrodes of the emission device.

[0034] The coupling of the defective pixel to the dummy
pixel circuit may include: shorting a first short wiring cou-
pled to the emission device and a second short wiring
coupled to the dummy pixel circuit by: irradiating a laser
beam onto afirst repair connection wiring having one end
coupled to the repair line and another end overlapping
with the first short wiring, wherein a first insulating layer
is between the first repair connection wiring and the first
short wiring, and irradiating the laser beam onto a second
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repair connection wiring having one end coupled to the
repair line and another end overlapping with the second
short wiring with a second insulating layer between the
second repair connection wiring and the second short
wiring.

[0035] The method may further include separating a
defective sub-emission device among a plurality of sub-
emission devices of the defective pixel from the other
sub-emission devices.

[0036] The separating of the defective sub-emission
device among the plurality of sub-emission devices of
the defective pixel from the other sub-emission devices
may include: cutting between a connection unit of a lower
electrode of the defective sub-emission device and a con-
nection unit of the emission pixel circuit in an electrode
connection wiring that couples lower electrodes of the
plurality of sub-emission devices to each other.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] The above and other features and aspects of
the present invention will become more apparent by de-
scribing in detail exemplary embodiments thereof with
reference to the attached drawings in which:

FIG. 1is a block diagram of a display apparatus ac-
cording to an embodiment of the present invention;
FIGS. 2 through 4 are schematic diagrams of exam-
ples of a display panel illustrated in FIG. 1;

FIG. 5 is a diagram for describing a method of re-
pairing a defective pixel by using a plurality of repair
lines of the display panel of FIG. 2, according to an
embodiment of the present invention;

FIGS. 6 and 7 show waveforms of scan signals and
data signals provided to the display panel repaired
by using the method illustrated in FIG. 5;

FIG. 8 is a diagram for describing a method of re-
pairing a defective pixel by using a plurality of repair
lines of the display panel of FIG. 3, according to an-
other embodiment of the present invention;

FIGS. 9 and 10 show waveforms of scan signals and
data signals provided to the display panel repaired
by using the method illustrated in FIG. 8;

FIG. 11 is a diagram for describing a method of re-
pairing a defective pixel by using a plurality of repair
lines of the display panel of FIG. 4, according to an-
other embodiment of the present invention;

FIGS. 12 and 13 show waveforms of scan signals
and data signals provided to the display panel re-
paired by using the method illustrated in FIG. 11;
FIG. 14 is a schematic diagram of an emission pixel
according to an embodiment of the present inven-
tion;

FIG. 15 is a plan view of an emission device of the
emission pixel of FIG. 14;

FIG. 16 is a cross-sectional view taken along the line
A-A’ of FIG. 15;

FIG. 17 is a schematic diagram of a dummy pixel
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according to an embodiment of the present inven-
tion;

FIG. 18 is a plan view of a part of the dummy pixel
of FIG. 17;

FIG. 19is a cross-sectional view taken along the line
B-B’ of FIG. 18;

FIG. 20 is a flowchart for explaining a method of re-
pairing a defective pixel, according to an embodi-
ment of the present invention;

FIGS. 21 through 26 are diagrams for explaining a
method of repairing a defective pixel in a case of a
visible defect of FIG. 20, according to embodiments
of the present invention;

FIGS. 27 through 29B are diagrams for explaining a
method of repairing a defective pixel in the case of
the invisible defect of FIG. 20, according to embod-
iments of the present invention;

FIGS. 30A through 32 are diagrams for explaining a
method of repairing a defective pixel in the case of
the invisible defect of FIG. 20, according to embod-
iments of the present invention;

FIGS. 33 through 36 are circuit diagrams of an emis-
sion pixel according to embodiments of the present
invention;

FIG. 37 is a schematic diagram of a display panel,
according to another embodiment of the present in-
vention;

FIG. 38 is a circuit diagram of an emission pixel ac-
cording to another embodiment of the presentinven-
tion;

FIG. 39 is a plan view of an emission pixel including
a pixel circuit of FIG. 38;

FIG. 40 is a plan view of a dummy pixel including a
pixel circuit of FIG. 38;

FIG. 41 is a plan view of an emission device of an
emission pixel according to another embodiment of
the present invention;

FIG. 42 is a cross-sectional view taken along a line
C-C’ of FIG. 41; and

FIG. 43 is a cross-sectional diagram of an organic
light emitting display apparatus including an emis-
sion pixel, according to an embodiment of the
present invention.

DETAILED DESCRIPTION

[0038] Hereinafter, embodiments of the presentinven-
tion will be described in some detail by explaining em-
bodiments of the invention with reference to the attached
drawings. Like reference numerals in the drawings de-
note like elements. In the following description of the
present invention, a detailed description of known func-
tions and configurations incorporated herein will be omit-
ted when it may make the subject matter of the present
invention unclear.

[0039] In the drawings, the thicknesses of layers and
regions are exaggerated for clarity. It will be understood
that when a layer is referred to as being "on" another
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layer or substrate, it can be directly on the other layer or
substrate, or intervening layers may also be present.
[0040] It will be further understood that the terms "com-
prises" and/or "comprising" when used in this specifica-
tion, specify the presence of stated features, integers,
steps, operations, elements, and/or components, but do
not preclude the presence or addition of one or more
other features, integers, steps, operations, elements,
components, and/or groups thereof. Also, the term "on"
refers to an upper or lower side of a target and does not
always mean an upper side in a direction of gravity.
[0041] It will be understood that, although the terms
first, second, etc. may be used herein to describe various
elements, these elements should not be limited by these
terms. These terms are only used to distinguish one el-
ement from another. For example, a first element could
be termed a second element, and, similarly, a second
element could be termed a first element, without depart-
ing from the scope of the present invention.

[0042] As used herein, the term "and/or" includes any
and all combinations of one or more of the associated
listed items. Expressions such as "at least one of," when
preceding a list of elements, modify the entire list of ele-
ments and do not modify the individual elements of the
list.

[0043] FIG. 1is ablock diagram of a display apparatus
100 according to an embodiment ofthe presentinvention.
[0044] Referring to FIG. 1, the display apparatus 100
includes a display panel 10 including a plurality of pixels,
a scandriving unit 20, a data driving unit 30, and a control
unit 40. The scan driving unit 20, the data driving unit 30,
and the control unit 40 may be separately formed on dif-
ferent semiconductor chips, or may be integrated on a
single semiconductor chip. Also, the scan driving unit 20
may be formed on the same substrate as the display
panel 10.

[0045] A plurality of scan lines SL extending in a hori-
zontal direction and a plurality of the data lines DL ex-
tending in a vertical direction and perpendicularly cross-
ing the scan lines SL are formed on the display panel 10.
Also, a plurality of repair lines RL extending almost par-
allel or substantially parallel with and spaced apart from
the data lines DL and perpendicularly crossing the scan
lines SL are formed on the display panel 10. A plurality
of pixels P aligned in a matrix-like shape are formed
where the scan lines SL, the data lines DL, and the repair
lines RL cross each other.

[0046] Although the data line DL is formed at a right
side of the pixel P and the repair line RL is formed at a
left side of the pixel P in FIG. 1, the present invention is
not limited thereto. For example, the positions of the data
line DL and the repair line RL may be switched according
to the design and function of the display panel 10. One
or more repair lines RL may be formed in each pixel col-
umn. The one or more repair lines RL may be formed or
arranged in parallel to the scan lines SL according to a
pixel design so that the one or more repair lines RL may
be formed or arranged in each pixel row. Although not
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shown in FIG. 1, additional signal or voltage lines such
as a plurality of emission control lines for providing an
emission control signal, an initialization voltage line for
providing an initialization voltage, and a driving voltage
line for providing a power voltage may be additionally
formed or arranged on the display panel 10.

[0047] The scan driving unit 20 may generate and se-
quentially provide scan signals via the scan lines SL to
the display panel 10.

[0048] The data driving unit 30 may sequentially pro-
vide data signals via the data lines DL to the display panel
10. The data driving unit 30 transforms input image data
DATA, input from the control unit 40 and having a gray-
scale (e.g., grey levels), into a voltage or current data
signal.

[0049] The control unit 40 generates and transmits a
scan control signal SCS and a data control signal DCS
respectively to the scan driving unit 20 and the data driv-
ing unit 30. As such, the scan driving unit 20 sequentially
provides or activates scan signals to the scan lines SL,
and the data driving unit 30 provides data signals to the
pixels P. Additional voltage or control signals such as a
first power voltage ELVDD, a second power voltage
ELVSS, an emission control signal EM, and an initializa-
tion voltage Vint may be provided to the pixels P under
the control of the control unit 40. The control unit 40 may
control a time when the scan driving unit 20 provides a
scan signal to a dummy pixel and may control the data
driving unit 30 to provide a data signal that is the same
as the data signal provided orto be provided to a defective
signal, to the dummy pixel when the scan signal is pro-
vided to the dummy pixel.

[0050] FIGS. 2 through 4 are schematic diagrams of
examples of the display panel 10 illustrated in FIG. 1.
[0051] Referring to FIGS. 2 through 4, a plurality of
pixels P aligned in a matrix-like shape are formed where
a plurality of scan lines SL, a plurality of data lines DL,
and a plurality of repair lines RL cross each other, on a
display panel 10a, 10b, or 10c. The pixels P include emis-
sion pixels EP formed on a display area AA and dummy
pixels DP formed on a non-display area NA. The non-
display area NA may be formed on at least one of top
and bottom regions or left and right regions of the display
area AA. As such, one or more dummy pixels DP may
be formed in each pixel column on at least one of top and
bottom regions of the pixel column, or one or more dum-
my pixels DP may be formed in each pixel row on at least
one of left and right regions of the pixel row. An example
of forming the dummy pixels DP in the pixel column of
the non-display area NA on the top and bottom regions
of the display area AA is explained with respect to FIGS.
2 through 4. This may apply to a case where the dummy
pixels DP are formed in the pixel row of the non-display
area NA on the left and right regions of the display area
AA.

[0052] Referring to FIG. 2, the display panel 10a in-
cludes a display area AA and a non-display area NA
formed below the display area AA. From among first
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through (n+1)th scan lines SL1 through SLn+1, the first
through nth scan lines SL1 through SLn are formed on
the display area AA, and the (n+1)th scan line SLn+1 is
formed on the non-display area NA. First through mth
data lines DL1 through DLm and first through mth repair
lines RL1 through RLm are formed separately in pixel
columns in the display area AA and extending into the
non-display area NA. A plurality of emission pixels EP
coupled to the first through nth scan lines SL1 through
SLn and the first through mth data lines DL1 through DLm
are formed in the display area AA, and a plurality of dum-
my pixels DP coupled to the (n+1)th scan line SLn+1 and
the first through mth data lines DL1 through DLm are
formed in the non-display area NA.

[0053] Referring to FIG. 3, the display panel 10b in-
cludes a display area AA and a non-display area NA
above the display area AA. From among zeroth through
nth scan lines SLO through SLn, the first through nth scan
lines SL1 through SLn are formed on the display area
AA, and the zeroth scan line SLO is formed on the non-
display area NA. First through mth data lines DL1 through
DLm and first through mth repair lines RL1 through RLm
are formed separately in pixel columns in the display area
AA and extending into the non-display area NA. A plu-
rality of emission pixels EP coupled to the first through
nth scan lines SL1 through SLn and the first through mth
data lines DL1 through DLm are formed in the display
area AA, and a plurality of dummy pixels DP coupled to
the zeroth scan line SLO and the first through mth data
lines DL1 through DLm are formed in the non-display
area NA.

[0054] Referring to FIG. 4, the display panel 10c in-
cludes a display area AA and a non-display area NA
formed above and below the display area AA. From
among zeroth through (n+1)th scan lines SLO through
SLn+1, the first through nth scan lines SL1 through SLn
are formed on the display area AA, and the zeroth and
(n+1)th scanlines SLO and SLn+1 are formed on the non-
display area NA. First through mth data lines DL1 through
DLm and first through mth repair lines RL1 through RLm
are formed separately in pixel columns on the display
area AA and the non-display area NA. A plurality of emis-
sion pixels EP coupled to the first through nth scan lines
SL1 through SLn and the first through mth data lines DL1
through DLm are formed on the display area AA, and a
plurality of dummy pixels DP coupled to the zeroth and
(n+1)th scan lines SLO and SLn+1 and the first through
mth data lines DL1 through DLm are formed on the non-
display area NA.

[0055] FIG. 5 is a diagram for describing a method of
repairing a defective pixel by using repair lines of the
display panel 10a of FIG. 2, according to an embodiment
of the present invention.

[0056] Referring to FIG. 5, the emission pixels EP
formed in the display area AA may include pixel circuits
PC that are coupled to the first through nth scan lines
SL1 through SLn and the first through mth data lines DL1
through DLm, and emission devices E that emit light by
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receiving a driving current from the pixel circuits PC. The
dummy pixels DP formed in the non-display area NA may
include only the pixel circuits PC that are coupled to the
(n+1)th scan line SLn+1 and the first through mth data
lines DL1 through DLm.

[0057] When an emission pixel EPi coupled to an ith
scan line SLi of a first column is defective, the emission
device E of the defective emission pixel EPi is discon-
nected from the corresponding pixel circuit PC, and the
disconnected emission device E is coupled to the pixel
circuit PC of the dummy pixel DP that is coupled to the
(n+1)th scan line SLn+1 through the repair line RL. The
disconnection of the emission device E and the corre-
sponding pixel circuit PC, the coupling of the repair line
RL and the emission device E, and the coupling of the
repair line RL and the dummy pixel DP may be performed
by cutting or shorting by irradiating a laser beam from a
substrate side or from an opposite side of a substrate.
[0058] FIGS. 6 and 7 show waveforms of scan signals
and data signals provided to the display panel repaired
by using the method illustrated in FIG. 5.

[0059] Referring to FIG. 6, the scan driving unit 20 se-
quentially provides or activates the first through nth scan
signals S1 through Sn to first through nth scan line SL1
through SLn and provides the (n+1)th scan signal Sn+1
to the (n+1)th scan line SLn+1 at the same time as the
scan signal Si is provided to the repaired emission pixel
EPi.

[0060] The data driving unit 30 sequentially provides
or activates the first through nth data signals D1 through
Dn to the data line DL1 in synchronization with the first
through (n+1)th scan signals S1 through Sn+1. In this
regard, a data signal Di that is the same as the data signal
Diprovided to the defective emission pixel EPiis concur-
rently provided to the dummy pixel DP. Accordingly, the
emission device E of the defective emission pixel EPi
may receive a current corresponding to the data signal
Di via the pixel circuits PC of the dummy pixels DP and
the repair lines RL1, thereby suppressing or reducing
generation of a bright spot or a dark spot of the defective
emission pixel EPi.

[0061] Referringto FIG. 7, the scan driving unit 20 se-
quentially provides or activates the first through (n+1)th
scan signals S1 through Sn+1 to the first through (n+1)th
scan lines SL1 through SLn+1.

[0062] The data driving unit 30 sequentially provides
or activates the first through nth data signals D1 through
Dn to the data line DL1 in synchronization with the first
through (n+1)th scan signals S1 through Sn+1. In this
regard, a data signal Di that is the same as the data signal
Di provided to the defective emission pixel EPi is again
provided to the dummy pixel DP. Accordingly, the emis-
sion device E of the defective emission pixel EPi may
receive a current corresponding to the data signal Di via
the pixel circuits PC of the dummy pixels DP and the
repair lines RL1, thereby suppressing or reducing gen-
eration of a bright spot or a dark spot of the defective
emission pixel EPi.
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[0063] Although a width of the first through (n+1)th
scan signals S1 through Sn+1 may be provided as one
horizontal period (1 H) in FIGS. 6 and 7, a width of a scan
signal may be provided as two horizontal periods (2H),
and widths of adjacent scan signals, for example, widths
of the (n-1)th scan signal Sn-1 and the nth scan signal
Sn, may be provided to overlap by 1 H or less. Accord-
ingly, a lack of charges due to a resistive-capacitive (RC)
delay of signal lines caused by a large-sized display area
may be solved or reduced.

[0064] FIG. 8 is a diagram for describing a method of
repairing a defective pixel by using the repair lines of the
display panel 10b of FIG. 3, according to another em-
bodiment of the present invention.

[0065] Referring to FIG. 8, the emission pixels EP
formed in the display area AA may include the pixel cir-
cuits PC and the emission devices E that emit light by
receiving a driving current from the pixel circuits PC. The
dummy pixels DP formed in the non-display area NA may
include only the pixel circuits PC.

[0066] When the emission pixel EPi coupled to the ith
scan line SLi of a first column is defective, the emission
device E of the defective emission pixel EPi is discon-
nected from the pixel circuit PC, and the disconnected
emission device E is coupled to the pixel circuit PC of
the dummy pixel DP that is coupled to the zeroth scan
line SLO through the repair line RL1. The disconnection
of the emission device E and the pixel circuit PC, the
coupling of the repair line RL and the emission device E,
and the coupling of the repair line RL and the dummy
pixel DP may be performed by cutting or shorting by ir-
radiating a laser beam from a substrate side or from an
opposite side of a substrate.

[0067] FIGS. 9and 10show waveforms of scan signals
and data signals provided to the display panel 10b re-
paired by using the method illustrated in FIG. 8.

[0068] Referring to FIG. 9, the scan driving unit 20 se-
quentially provides or activates the first through nth scan
signals S1 through Sn to the first through nth scan line
SL1 through SLn and provides the zeroth scan signal SO
to the zeroth scan line SO at the same time as the scan
signal Si is provided to the repaired emission pixel EPi.
[0069] The data driving unit 30 sequentially provides
or activates the first through nth data signals D1 through
Dn to the data line DL1 in synchronization with the zeroth
through nth scan signals SO through Sn. In this regard,
the data signal Di that is the same as the data signal Di
provided to the defective emission pixel EPi is concur-
rently provided to the dummy pixel DP. Accordingly, the
emission device E of the defective emission pixel EPi
may receive a current corresponding to the data signal
Di via the pixel circuits PC of the dummy pixels DP and
the repair lines RL1, thereby suppressing or reducing
generation of a bright spot or a dark spot of the defective
emission pixel EPi.

[0070] Referring to FIG. 10, the scan driving unit 20
sequentially provides or activates the zeroth through nth
scan signals SO through Sn to the zeroth through nth
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scan lines SLO through SLn.

[0071] The data driving unit 30 sequentially provides
or activates the first through nth data signals D1 through
Dn to the data line DL1 in synchronization with the zeroth
through nth scan signals SO through Sn. In this regard,
the data signal Di that is the same as the data signal Di
that is to be provided to the defective emission pixel EPi
is first provided to the dummy pixel DP. Accordingly, the
emission device E of the defective emission pixel EPi
may receive a current corresponding to the data signal
Di via the pixel circuits PC of the dummy pixels DP and
the repair lines RL1, thereby suppressing or reducing
generation of a bright spot or a dark spot of the defective
emission pixel EPi.

[0072] Although a width of the zeroth through nth scan
signals SO through Sn may be provided as one horizontal
period (1 H) in FIGS. 9 and 10, a width of a scan signal
may be provided as two horizontal periods (2H), and
widths of adjacent scan signals, for example, widths of
the (n-1)th scan signal Sn-1 and the nth scan signal Sn,
may be provided to overlap by 1 H or less. Accordingly,
alack of charges due to a RC delay of signal lines caused
by a large-sized display area may be solved or reduced.
[0073] FIG. 11 is a diagram for describing a method of
repairing a defective pixel by using repair lines of the
display panel 10c of FIG. 4, according to another embod-
iment of the present invention.

[0074] Referring to FIG. 11, the emission pixels EP
formed in the display area AA may include the pixel cir-
cuits PC and the emission devices E that emit light by
receiving a driving current from the pixel circuits PC. The
dummy pixels DP formed in the non-display area NA may
include only the pixel circuits PC.

[0075] When the emission pixel EPi coupled to the ith
scan line SLi of a first column and an emission pixel EPp
coupled to a pth scan line SLp of the first column are
defective, therepair line RL1 between the defective emis-
sion pixels EPi and EPp is disconnected, the emission
devices E of the defective emission pixels EPi and EPp
are disconnected from the pixel circuits PC, and the dis-
connected emission devices E are coupled to the pixel
circuits PC of a first dummy pixel DP1 and a second dum-
my pixie DP2 that are respectively coupled to the zeroth
scan line SLO and the (n+1)th scan line SLn+1 through
the repair lines RL1. The disconnection of the emission
devices E and the pixel circuits PC, the coupling of the
repair lines RL and the emission devices E, and the cou-
pling of the repair lines RL and the dummy pixels DP may
be performed by cutting or shorting by irradiating a laser
beam from a substrate side or from an opposite side of
a substrate.

[0076] FIGS. 12 and 13 show waveforms of the scan
signals and the data signals provided to the display panel
10c repaired by using the method illustrated in FIG. 11.
[0077] Referring to FIG. 12, the scan driving unit 20
sequentially provides or activates the first through nth
scan signals S1 through Sn to the first through nth scan
line SL1 through SLn and respectively provides the ze-
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roth and (n+1)th scan signals SO and Sn+1 to the zeroth
and (n+1)th scan line SLO and SLn+1 at the same time
as the scan signals Si and Sp are respectively provided
to the repaired emission pixels EPi and EPp.

[0078] The data driving unit 30 sequentially provides
or activates the first through nth data signals D1 through
Dn to the data line DL1 in synchronization with the zeroth
through (n+1)th scan signals SO through Sn+1. In this
regard, the data signals Di and Dp that are the same as
the data signals Diand Dp provided to the defective emis-
sion pixels EPi and EPp are concurrently provided to the
first and second dummy pixels DP1 and DP2. Accord-
ingly, the emission devices E of the defective emission
pixels EPi and EPp may receive current corresponding
to the data signals Di and Dp via the pixel circuits PC of
the first and second dummy pixels DP1 and DP2 and the
repair lines RL1, thereby suppressing or reducing gen-
eration of a bright spot or a dark spot of the defective
emission pixels EPi and EPp.

[0079] Referring to FIG. 13, the scan driving unit 20
sequentially provides or activates the zeroth through
(n+1)th scan signals SO through Sn+1 to the zeroth
through (n+1)th scan line SLO through SLn+1.

[0080] The data driving unit 30 sequentially provides
or activates the first through nth data signals D1 through
Dn to the data line DL1 in synchronization with the zeroth
through (n+1)th scan signals SO through Sn+1. In this
regard, the data signal Di that is the same as the data
signal Di that is to be provided to the defective emission
pixel EPi is first provided to the first dummy pixel DP1.
The data signal Dp that is the same as the data signal
Dp provided to the defective emission pixel EPp is again
provided to the second dummy pixel DP2. Accordingly,
the emission devices E of the defective emission pixels
EPi and EPp may receive current corresponding to the
data signals Di and Dp via the pixel circuits PC of the first
and second dummy pixels DP1 and DP2 and the repair
lines RL1, thereby suppressing or reducing generation
of a bright spot or a dark spot of the defective emission
pixels EPi and EPp.

[0081] Although a width of the zeroth through (n+1)th
scan signals S0 through Sn+1 may be provided as one
horizontal period (1 H) in FIGS. 12 and 13, a width of a
scan signal may be provided as two horizontal periods
(2H), and widths of adjacent scan signals (for example,
widths of the (n-1)th scan signal Sn-1 and the nth scan
signal Sn) may be provided to overlap by 1 H or less.
Accordingly, alack of charges due to a RC delay of signal
lines caused by a large-sized display area may be solved.
[0082] FIG. 14 is a schematic diagram of the emission
pixel EP according to an embodiment of the present in-
vention. FIG. 15 is a plan view of an emission device of
the emission pixel EP of FIG. 14. FIG. 16 is a cross-
sectional view taken along a line A-A’ of FIG. 15.
[0083] Referring to FIG. 14, the emission pixel EP that
is coupled to the scan line SL and the data line DL may
include the pixel circuit PC and the emission device E
that emits light by receiving a driving current from the
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pixel circuit PC. The pixel circuit PC may include at least
one thin film transistor (TFT) and at least one capacitor.
The emission device E may be an organic light emitting
diode (OLED) including an anode, a cathode, and an
emission layer formed or located between the anode and
the cathode. The anode of the emission device E may
be split or separated (e.g., physically separated by a gap
or space) into at least two anodes so that the emission
device E may include at least two sub-emission devices
SE1 and SE2.

[0084] ReferringtoFIGS. 15and 16, the first sub-emis-
sion device SE1 includes a first anode AD1, an organic
layer OL including an emission layer, and a cathode (not
shown). The second sub-emission device SE2 includes
a second anode AD2, the organic layer OL including the
emission layer, and a cathode. The organic layer OL may
be separately or commonly formed in the first and second
sub-emission devices SE1 and SE2. The cathode may
be commonly formed in the first and second sub-emis-
sion devices SE1 and SE2, and may be formed on an
entire surface of a substrate 101 so that the cathode may
be commonly formed in the first anode AD1 and the sec-
ond anode AD?2 to face each other.

[0085] An electrode connection wiring 11 is formed on
the substrate 101 and a buffer layer 102. The electrode
connection wiring 11 may be formed of a conductive ma-
terial. For example, the electrode connection wiring 11
may be formed of amorphous silicon, crystalline silicon,
or an oxide semiconductor. In this case, the electrode
connection wiring 11 may be formed on the same layer
and of the same material as an active layer included in
the TFT of the pixel circuit PC. The electrode connection
wiring 11 may be formed of metal. In this case, the elec-
trode connection wiring 11 may have a single layer struc-
ture including metal, semitransparent metal, or a trans-
parent conductive oxide or a three layer structure includ-
ing the semitransparent metal and the transparent con-
ductive oxide formed on top and bottom portions of the
semitransparent metal and protecting the semitranspar-
ent metal. The semitransparent metal may include silver
(Ag) or a silver alloy. The transparent conductive oxide
may include at least one selected from the group con-
sisting of indium tin oxide (ITO), indium zinc oxide (1Z0),
zinc oxide (ZnO), indium oxide (In,O3), indium gallium
oxide (IGO), and aluminum zinc oxide (AZO). A first in-
sulating film 103 is formed on the electrode connection
wiring 11. A repair connection wiring 13 is formed on the
first insulating film 103.

[0086] The repair connection wiring 13 may be formed
on the same layer and of the same material as a conduc-
tive electrode included in the TFT of the pixel circuit PC,
for example, a gate electrode. A second insulating layer
104 is formed on the repair connection wiring 13. In a
first connection unit CU1, a first contact metal CM1 and
a second contact metal CM2 formed on the second in-
sulating layer 104 are coupled to the electrode connec-
tion wiring 11 through contact holes. A circuit connection
wiring 12, that is coupled to a circuit wiring 15 coupled
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to the pixel circuit PC, is coupled to the electrode con-
nection wiring 11 through a contact hole, in a second
connection unit CU2. The circuit wiring 15, along with the
active layer included in the TFT of the pixel circuit PC,
may be formed of amorphous silicon, crystalline silicon,
or an oxide semiconductor or may be formed on the same
layer and of the same material as a source electrode and
a drain electrode that are included in the TFT. The circuit
connection wiring 12 is coupled to the electrode connec-
tion wiring 11 between the first connection units CU1 so
that a first cut node CN1 and a second cut node CN2 are
formed in the electrode connection wiring 11. A short
wiring 14 extending from the first contact metal CM1 over-
laps with a part of the repair connection wiring 13 in a
first short node SN1 and is provisionally coupled to the
repair connection wiring 13. The repair line RL is coupled
to the repair connection wiring 13 through a contact hole.
The repair line RL, the circuit connection wiring 12, the
first and second contact metals CM1 and CM2, and the
short wiring 14 may be formed on the same layer and of
the same material as a conductive electrode included in
the TFT of the pixel circuit PC, for example, the source
electrode and the drain electrode. A third insulating layer
105 is formed on the repair line RL, the first and second
contact metals CM1 and CM2, and the short wiring 14.
The first anode AD1 and the second anode AD2 are
formed on the third insulating layer 105.

[0087] A first protrusion unit AD1’ extending from the
first anode AD1 is coupled to the electrode connection
wiring 11 through the first contact meal CM1 in the first
connection unit CU1. A second protrusion unit AD2’ ex-
tending from the second anode AD2 is coupled to the
electrode connection wiring 11 through the second con-
tact meal CM2 in the first connection unit CU1. Accord-
ingly, the firstanode AD1 and the second anode AD2 are
electrically coupled to each other by the electrode con-
nectionwiring 11. Afourthinsulating layer 106 that covers
edges of the first anode AD1 and the second anode AD2
is formed on the first anode AD1 and the second anode
AD2.

[0088] FIG. 17 is a schematic diagram of the dummy
pixel DP according to an embodiment of the present in-
vention. FIG. 18 is a plan view of a part of the dummy
pixel DP of FIG. 17. FIG. 19 is a cross-sectional view
taken along a line B-B’ of FIG. 18.

[0089] Referring to FIG. 17, the dummy pixel DP that
is coupled to the zeroth scan line SLO and/or the (n+1)th
scan line SLn+1 and the data line DL may include only
the pixel circuit PC. The pixel circuit PC of the dummy
pixel DP may be the same (e.g., the same design, struc-
ture, and/or function) as the pixel circuit PC of the emis-
sion pixel EP.

[0090] Referring to FIGS. 18 and 19, a power connec-
tion wiring 18 is formed on the substrate 101 and the
buffer layer 102. The power connection wiring 18 may
be formed of amorphous silicon, crystalline silicon, or an
oxide semiconductor. The power connection wiring 18
may be formed on the same layer and of the same ma-
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terial as an active layer included in the TFT of the pixel
circuit PC. The first insulating layer 103 is formed on the
power connection wiring 18. A repair connection wiring
16 is formed on the first insulating layer 103.

[0091] The repair connection wiring 16 may be formed
on the same layer and of the same material as a conduc-
tive electrode included in a TFT of the pixel circuit PC,
for example, a gate electrode. The second insulating lay-
er 104 is formed on the repair connection wiring 16. On
the second insulating layer 104, a short wiring 17 coupled
to the pixel circuit PC overlaps with a part of the repair
connection wiring 16 in the first short node SN2 and is
provisionally coupled to the repair connection wiring 16.
The repair line RL is coupled to the repair connection
wiring 16 through a contact hole. The repair line RL and
a power voltage line ELVDDL in a boundary of the display
panel 10 are coupled to the power connection wiring 18
so that the repair line RL and the power voltage line
ELVDDL are electrically coupled to each other. When
the repair line RL is used to repair the emission pixel EP,
the power voltage line ELVDDL is disconnected from the
repair line RL by cutting the power connection wiring 18.
[0092] The repair line RL, the short wiring 17, and the
power voltage line ELVDDL may be formed on the same
layer and of the same material as a conductive electrode
included in the TFT of the pixel circuit PC, for example,
a source electrode and a drain electrode. The third insu-
lating layer 105 and the fourth insulating layer 106 are
sequentially formed on the repair line RL, the short wiring
17, and the power voltage line ELVDDL.

[0093] FIG. 20 is a flowchart for explaining a method
of repairing a defective pixel, according to an embodi-
ment of the present invention.

[0094] Referring to FIG. 20, after the display panel 10
is manufactured, the defective pixel of the display area
AA is detected through a panel test performed on the
display panel 10 (operation S21). The panel test may
include, for example, a lighting test, an aging test, etc.
The defective pixel is an emission pixel recognized as a
bright spot or a dark spot. The bright spot or the dark spot
may be generated due to a defective pixel circuit or a
defective emission device. When an anode and a cath-
ode of an emission device are shorted due to a defect
present therebetween, and when a value of a resistance
Rdef formed in parallel with the anode and the cathode
is small, a driving current generated in the pixel circuit
PC flows from the anode to the cathode through the re-
sistance Rdef, and thus a voltage of the anode is not
sufficiently higher than a turn-on voltage of the emission
device, which causes the dark spot in which the emission
device does not emit light.

[0095] A pixel thatis visibly recognized as a bright spot
or a dark spot of the display panel 10 may be detected
through an optical microscope of a lighting inspection
apparatus.

[0096] Ina case of avisible defectin which a sub-emis-
sion device that is the bright spot or the dark spot is visibly
recognized among a plurality of sub-emission devices,
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the sub-emission device having the defect of the bright
spot or the dark spot is separated or electrically isolated
from the pixel circuit PC (operation S22).

[0097] In a case of an invisible defect in which a de-
fective sub-emission device is not visibly recognized
among a plurality of sub-emission devices, an emission
device of the defective pixel is coupled to the repair line
RL and the pixel circuit PC of the dummy pixel DP is
coupled to the repair line RL so that the defective pixel
is coupled to the dummy pixel DP (operation S23). It is
determined whether the defective pixel normally emits
light (operation S24).

[0098] When the defective pixel normally emits light by
the coupling of the defective pixel and the dummy pixel
DP, the defective pixel is determined to have resulted
from the defective pixel circuit. Thus, in order to com-
pletely insulate the defective pixel circuit from the emis-
sion device, the pixel circuit PC of the defective pixel may
be selectively separated or electrically isolated from the
emission device (operation S25). Operation S25 may be
selectively performed.

[0099] When the defective pixel does not normally emit
light by the coupling of the defective pixel and the dummy
pixel DP, the defective pixel is determined to have result-
ed from the short defect of the emission device, and the
sub-emission devices are disconnected from each other
(operation S26).

[0100] FIGS.21through 26 are diagrams for explaining
a method of repairing a defective pixel (operation S22)
in a case of a visible defect of FIG. 20, according to em-
bodiments of the present invention.

[0101] The repairing method of FIGS. 21 through 26
describes an example of the dummy pixel DP coupled to
the (n+1)th scan line SLn+1 among the first through
(n+1)th scan lines SL1 through SLn+1 like the display
panel 10a of FIG. 2. This may apply to the display panels
10b and 10c of FIGS. 3 and 4.

[0102] Referringto FIGS. 21 through 23, when the first
sub-emission device SE1 of the defective emission pixel
EPi is visibly recognized to have a short defect, the first
sub-emission device SE1 is disconnected from the sec-
ond sub-emission device SE2. In this regard, the first cut
node CN1 of the electrode connection wiring 11 is cut by
irradiating a laser beam. Accordingly, the first sub-emis-
sion device SE1 becomes a dark spot and a driving cur-
rent flows from an emission pixel circuit PCi to the second
sub-emission device SE2 so that the second sub-emis-
sion device SE2 may emit light without any perceivable
brightness reduction.

[0103] Referringto FIGS. 24 through 26, when the sec-
ond sub-emission device SE2 of the defective emission
pixel EPi is visibly recognized to have a short defect, the
second sub-emission device SE2 is disconnected from
the first sub-emission device SE1. In this regard, the sec-
ond cut node CN2 of the electrode connection wiring 11
is cut by irradiating the laser beam. Accordingly, the sec-
ond sub-emission device SE2 becomes the dark spot,
and the driving current flows from the emission pixel cir-
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cuit PCi to the first sub-emission device SE1 so that the
first sub-emission device SE1 may emit light without any
perceivable brightness reduction.

[0104] In the embodiments described with reference
to FIGS. 21 through 26, the emission pixel EPi has a
short defect, and the emission pixel circuit PCi is normal,
and thus the emission pixel EPiis not necessarily coupled
to the dummy pixel DP through the repair line RL.
[0105] FIGS. 27 through 29B are diagrams for explain-
ing a method of repairing a defective pixel (operations
S23 and S25) in the case of an invisible defect of FIG.
20, according to embodiments of the present invention.
[0106] The repairing method of FIGS. 27 through 29B
describes an example of the dummy pixel DP coupled to
the (n+1)th scan line SLn+1 among the first through
(n+1)th scan lines SL1 through SLn+1 like the display
panel 10a of FIG. 2. This may apply to the display panels
10b and 10c of FIGS. 3 and 4.

[0107] Referring to FIGS. 27 through 29B, although
the emission pixel EPi coupled to the ith scan line SLi is
determined to be defective, when it is not determined
whether the defective emission pixel EPi has resulted
from a defective pixel circuit or a defective emission de-
vice, the provisionally coupled repair connection wiring
13 and the short wiring 14 are shorted by irradiating a
laser beam onto the first short node SN1, and then the
provisionally coupled repair connection wiring 16 and the
short wiring 17 are shorted by irradiating the laser beam
onto the second short node SN2, and thus the emission
pixel EPiand the dummy pixel DP are electrically coupled
to each other (operation S23). The power voltage line
ELVDDL and the repair line RL are disconnected from
each other by irradiating the laser beam onto the power
connection wiring 18.

[0108] After the coupling of the repair line RL and the
dummy pixel DP and defective emission pixel EPi, when
the first sub-emission device SE1 and the second sub-
emission device SE2 normally emit light, because the
defective emission pixel EPi is determined to have re-
sulted from the defective emission pixel circuit PCi, to
completely insulate the defective emission pixel circuit
PCifrom the defective emission pixel EPi, the circuit con-
nection wiring 12 and the circuit wiring 15 are separated
or electrically isolated from each other by cutting the cir-
cuit wiring 15 by irradiating the laser beam onto the circuit
wiring 15, and thus the emission pixel circuit PCi is sep-
arated or electrically isolated from the emission pixel EPi
(operation S25).

[0109] Accordingly, a driving current flows from a dum-
my pixel circuit PCn+1 to the first sub-emission device
SE1 and the second sub-emission device SE so that the
emission pixel EPi may emit light without any perceivable
brightness reduction.

[0110] FIGS. 30A through 32 are diagrams for explain-
ing a method of repairing a defective pixel (operations
S23 and S26) in the case of the invisible defect of FIG.
20, according to embodiments of the present invention.
[0111] The repairing method of FIGS. 30A through 32
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describes an example of the dummy pixel DP coupled to
the (n+1)th scan line SLn+1 among the first through
(n+1)th scan lines SL1 through SLn+1 like the display
panel 10a of FIG. 2. This may apply to the display panels
10b and 10c of FIGS. 3 and 4.

[0112] Referring to FIGS. 28B and 30A through 32,
although the emission pixel EPi coupled to the ith scan
line SLi is determined to be defective, when it is not de-
termined whether the defective emission pixel EPi has
resulted from a defective pixel circuit or a defective emis-
sion device, the provisionally coupled repair connection
wiring 13 and the short wiring 14 are shorted by irradiating
a laser beam onto the first short node SN1, and the pro-
visionally coupled repair connection wiring 16 and the
short wiring 17 are shorted by irradiating the laser beam
onto the second short node SN2, and thus the emission
pixel EPiand the dummy pixel DP are electrically coupled
to each other (operation S23). The power voltage line
ELVDDL and the repair line RL are disconnected from
each other by irradiating the laser beam onto the power
connection wiring 18.

[0113] After the coupling of the repair line RL, the dum-
my pixel DP, and the emission pixel EPi, when the first
sub-emission device SE1 and the second sub-emission
device SE2 do not normally emit light, because the de-
fective emission pixel EPi is determined to have resulted
from the defective emission device E, the first cut node
CN1 of the electrode connection wiring 11 is cut by irra-
diating the laser beam onto the electrode connection wir-
ing 11 (operation S26). Thus, the first sub-emission de-
vice SE1 and the second sub-emission device SE2 are
separated or electrically isolated from each other, the
first sub-emission device SE1 receives a driving current
from the dummy pixel circuit PCn+1, and the second sub-
emission device SE2 receives a driving current from the
emission pixel circuit PCi.

[0114] Ifthe defective emission pixel EPiis determined
to have resulted from a short defect of the first sub-emis-
sion device SE1, as shown in FIG. 30A, the first sub-
emission device SE1 becomes a dark spot, and the sec-
ond sub-emission device SE2 may emit light by the driv-
ing current from the emission pixel circuit PCi without any
perceivable brightness reduction.

[0115] Ifthe defective emission pixel EPiis determined
to have resulted from a short defect of the second sub-
emission device SE2, as shown in FIG. 30B, the second
sub-emission device SE2 becomes the dark spot, and
the first sub-emission device SE1 may emit light by the
driving current from the dummy pixel circuit PCn+1 with-
out any perceivable brightness reduction.

[0116] FIG. 33 is a circuit diagram of an emission pixel
EP1 according to an embodiment of the present inven-
tion.

[0117] Referring to FIG. 33, the emission pixel EP1
includes the emission device E and a pixel circuit 2A for
supplying a current to the emission device E. The dummy
pixel DP includes the pixel circuit 2A excluding the emis-
sion device E. The emission device E includes an anode,
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a cathode, and an emission layer formed or located be-
tween the anode and the cathode, and may be an OLED
having a structure in which the anode is split or separated
into a plurality of anodes. The emission device E may
include first through nth OLEDs OLED1 through OLEDn
that are coupled in parallel to each other by the plurality
of anodes resulting from the splitting of the anode. Ac-
cordingly, a driving current of the pixel circuit 2A is sep-
arately provided to the first through nth OLEDs OLED1
through OLEDN. If a defective OLED is separated or elec-
trically isolated from the corresponding pixel circuit, be-
cause the driving current is separately provided to the
other OLEDs, the OLEDs may emit light without any per-
ceivable brightness loss. The circuit connection wiring
12 coupled to the emission device E is disconnected from
the circuit wiring 15 coupled to the pixel circuit 2A by
cutting the circuit wiring 15, and thus the pixel circuit 2A
and the emission device E may be separated or electri-
cally isolated from each other.

[0118] The pixel circuit 2A may include first through
fourth transistors TA1 through TA4, and first and second
capacitors C1 and C2.

[0119] A gate electrode of the first transistor TA1 re-
ceives a scan signal S from a scan line. A first electrode
of the first transistor TA1 receives a data signal D from
a data line. A second electrode of the first transistor TA1
is coupled to a first node N1.

[0120] A gate electrode of the second transistor TA2
is coupled to a second node N2. A first electrode of the
second transistor TA2 receives a first power voltage
ELVDD from a first power source. A second electrode of
the second transistor TA2 is coupled to the anode of the
OLED. The second transistor TA2 functions as a driving
transistor.

[0121] The first capacitor C1 is coupled between the
first node N1, and the second electrode of the second
transistor TA2 and the first power source. The second
capacitor C2 is coupled between the first node N1 and
the second node N2.

[0122] A gate electrode of the third transistor TA3 re-
ceives a first control signal GC. A first electrode of the
third transistor TA3 is coupled to the gate electrode of
the second transistor TA2. A second electrode of the third
transistor TA3 is coupled to the anode of the OLED and
the second electrode of the second transistor TA2.
[0123] A gate electrode of the fourth transistor TA4 re-
ceives a second control signal SUS_ENB. A first elec-
trode of the fourth transistor TA4 receives an auxiliary
voltage Vsus. A second electrode of the fourth transistor
TA4 is coupled to the data line and receives the data
signal D.

[0124] Inaninitialization period, the scan signal S hav-
ing a low level is provided to the scan line, and a second
control signal SUS_ENB having a low level is provided
to the gate electrode of the fourth transistor TA4. In this
case, the data line is in a high impedance (Hi-Z) state.
As such, the first transistor TA1 and the fourth transistor
TA4 are turned on and thus the auxiliary voltage Vsus
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having a high level is provided to the first node N1, a
voltage of the second node N2 is reduced, and the sec-
ond node N2 is maintained at an initialization voltage
(e.g., a predetermined initialization voltage).

[0125] In a compensation period, the auxiliary voltage
Vsus having a high level is provided to the first node N1
through the data line. The first control signal GC is pro-
vided at a low level and thus the third transistor TA3 is
turned on. As such, the second transistor TA2 is diode-
connected and thus a current flows until a voltage corre-
sponding to a threshold voltage of the second transistor
TAZ2 is stored in the second capacitor C2. After that, the
second transistor TA2 is turned off.

[0126] In a scan/data input period, the scan signal S
having a low level is provided to the scan line and thus
the first transistor TA1 is turned on, and the data signal
D is provided through the data line. As such, a voltage
difference between the driving voltage ELVDD and a volt-
age of the first node N1 is stored in the first capacitor C1.
[0127] In an emission period, the first power voltage
ELVDD is provided at a high level, and the second power
voltage ELVSS is provided at a low level. A current path
from the first power voltage ELVDD to the cathode of the
OLED is formed via the second transistor TA2, and the
emission devices E of all the emission pixels EP1 emit
light at a brightness corresponding to the data signal.
[0128] FIG. 34 is a circuit diagram of an emission pixel
EP2 according to another embodiment of the present in-
vention.

[0129] Referring to FIG. 34, the emission pixel EP2
includes the emission device E and a pixel circuit 2B for
supplying a current to the emission device E. The dummy
pixel DP includes the pixel circuit 2B excluding the emis-
sion device E. The emission device E includes an anode,
a cathode, and an emission layer formed or located be-
tween the anode and the cathode, and may be an OLED
having a structure in which the anode is split or physically
separated into a plurality of anodes having agap or space
between the separated anodes. The emission device E
may include the first through nth OLEDs OLED1 through
OLEDN that are coupled in parallel to each other through
the plurality of anodes resulting from the splitting of the
anode. Accordingly, a driving current of the pixel circuit
2B is separately provided to the first through nth OLEDs
OLED1 through OLEDN. If a defective OLED is separated
orelectrically isolated, because the driving current is sep-
arately provided to the other OLEDs, the OLEDs may
emit light without any perceivable brightness loss. The
circuit connection wiring 12 coupled to the emission de-
vice E is disconnected from the circuit wiring 15 coupled
to the pixel circuit 2B by cutting the circuit wiring 15, and
thus the pixel circuit 2B and the emission device E may
be separated or electrically isolated from each other.
[0130] The pixel circuit 2B includes first through fifth
transistors TB1 through TB5, and first through third ca-
pacitors C1 through C3.

[0131] A gate electrode of the first transistor TB1 re-
ceives the scan signal S from a scan line. Afirst electrode
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of the first transistor TB1 is coupled to a data line and
receives the data signal D from the data line. A second
electrode of the first transistor TB1 is coupled to the first
node N1.

[0132] A gate electrode of the second transistor TB2
receives a first control signal GW. A first electrode of the
second transistor TB2 is coupled to the first node N1. A
second electrode of the second transistor TB2 is coupled
to the second node N2.

[0133] A gate electrode of the third transistor TB3 is
coupled to a third node N3. A first electrode of the third
transistor TB3 receives a first power voltage ELVDD from
afirst power source. A second electrode of the third tran-
sistor TB3 is coupled to the anode of the OLED. The third
transistor TB3 functions as a driving transistor.

[0134] A gate electrode of the fourth transistor TB4 re-
ceives a second control signal GC. A first electrode of
the fourth transistor TB4 is coupled to the third node N3
and the gate electrode of the third transistor TB3. A sec-
ond electrode of the fourth transistor TB4 is coupled to
the anode of the OLED.

[0135] A gate electrode of the fifth transistor TB5 re-
ceives the second control signal GC. A first electrode of
the fifth transistor TB5 is coupled to the data line and
receives the data signal D from the data line. A second
electrode of the fifth transistor TB5 is coupled to the sec-
ond node N2.

[0136] The first capacitor C1 is coupled between the
first node N1 and the gate electrode of the fifth transistor
TB5. The second capacitor C2 is coupled between the
second node N2 and the first power source providing the
first power voltage ELVDD. The third capacitor C3 is cou-
pled between the second node N2, and the third node
N3, and the gate electrode of the third transistor TB3.
When the first transistor TB1 is turned on, the first ca-
pacitor C1 is charged with a voltage corresponding to the
data signal D provided from the data line.

[0137] Inaninitialization period, the first power voltage
ELVDD and the second control signal GC are provided
at a low level. The data line is in a high impedance (Hi-
Z) state. As such, the fifth transistor TB5 and the fourth
transistor TB4 are sequentially turned on and thus the
third transistor TB3 is diode-connected, and a voltage of
the anode of the OLED and a voltage of the third node
N3 are initialized to a level of the driving voltage ELVDD.
[0138] In a compensation period, the second control
signal GC is provided at a low level, and an auxiliary
voltage Vsus having a high level is provided to the data
line. As such, the fifth transistor TB5 is turned on and
thus the auxiliary voltage Vsus is provided to the second
node N2. Also, the fourth transistor TB4 is turned on and
thus the third transistor TB3 is diode-connected, and a
current flows until a voltage corresponding to a threshold
voltage of the third transistor TB3 is stored in the third
capacitor C3. Thereafter, the third transistor TB3 is
turned off.

[0139] In a data transmission period, the first power
voltage ELVDD and the second power voltage ELVSS
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are provided at a high level, and the first control signal
GW is provided at a low level. As such, the second tran-
sistor TB2 is turned on and thus the data signal D written
in the emission pixel EP2 in a scan period of an (N-1)th
frame stored in the first capacitor C1 moves to the second
node N2. Accordingly, a voltage difference between the
driving voltage ELVDD and a voltage of the second node
N2 is stored in the second capacitor C2.

[0140] In a scan/emission period Scan/Emission, a
scan period and an emission period are concurrently
(e.g., simultaneously) performed. In the scan/emission
period Scan/Emission, the first power voltage ELVDD is
provided at a high level, and the second power voltage
ELVSS is provided at a low level. Also, the scan signal
S at a low level is input to the scan line and thus the first
transistor TB1 is turned on, and a data signal is input to
the emission pixel EP2 coupled to the scan line. As such,
a voltage corresponding to a data signal of an Nth frame
is stored in the first capacitor C1.

[0141] The second transistor TB2 is turned off to block
the first node N1 and the second node N2. Also, a current
path from the first power voltage ELVDD to the cathode
of the OLED is formed via the turned-on third transistor
TB3, and the OLED emits light to a brightness corre-
sponding to the data signal written in the emission pixel
EP2 in the scan period of the (N-1)th frame stored in the
second capacitor C2. In this regard, all emission pixels
EP2 in the display area AA concurrently (e.g., simulta-
neously) emit light. That is, in the scan/emission period
Scan/Emission, data signals of the Nth frame are se-
quentially input according to scan signals and, at the
same time, all emission pixels EP2 in the display area
AA concurrently (e.g., simultaneously) emit light in cor-
respondence with data signals of the (N-1)th frame.
[0142] FIG. 35is a circuit diagram of an emission pixel
EP3 according to another embodiment of the present in-
vention.

[0143] Referring to FIG. 35, the emission pixel EP3
includes the emission device E and a pixel circuit 2C for
supplying a current to the emission device E. The dummy
pixel DP includes the pixel circuit 2C excluding the emis-
sion device E. The emission device E includes an anode,
a cathode, and an emission layer formed or located be-
tween the anode and the cathode, and may be an OLED
having a structure in which the anode is split into a plu-
rality of anodes. The emission device E may include the
first through nth OLEDs OLED1 through OLEDn that are
coupled in parallel to each other according to the plurality
of anodes resulting from the splitting of the anode. Ac-
cordingly, a driving current of the pixel circuit 2B is sep-
arately provided to the first through nth OLEDs OLED1
through OLEDN. Ifa defective OLED is separated or elec-
trically isolated from the corresponding pixel circuit, be-
cause the driving current is separately provided to the
other OLEDs, the OLEDs may emit light without any per-
ceivable brightness loss. The circuit connection wiring
12 coupled to the emission device E is disconnected from
the circuit wiring 15 coupled to the pixel circuit 2C by
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cutting the circuit wiring 15, and thus the pixel circuit 2C
and the emission device E may be separated or electri-
cally isolated from each other.

[0144] The pixel circuit 2C includes first through eighth
transistors TC1 through TC8, and the first and second
capacitors C1 and C2.

[0145] A gate electrode of the first transistor TC1 re-
ceives the scan signal S from a scanline. Afirst electrode
of the first transistor TC1 is coupled to a data line and
receives a data signal D from the data line. A second
electrode of the first transistor TC1 is coupled to the first
node N1.

[0146] A gate electrode of the second transistor TC2
receives the first control signal GW. A first electrode of
the second transistor TC2 is coupled to the first node N1.
A second electrode of the second transistor TC2 is cou-
pled to the second node N2.

[0147] A gate electrode of the third transistor TC3 re-
ceives a second control signal GI. A first electrode of the
third transistor TC3 is coupled to an initialization power
source and receives an initialization voltage Vint from the
initialization power source. A second electrode of the
third transistor TC3 is coupled to the third node N3.
[0148] A gate electrode of the fourth transistor TC4 re-
ceives the first control signal GW. A first electrode of the
fourth transistor TC4 is coupled to the third node N3. A
second electrode of the fourth transistor TC4 is coupled
to a fourth node N4.

[0149] A gate electrode of the fifth transistor TC5 re-
ceives the second control signal Gl. A first electrode of
the fifth transistor TC5 is coupled to a first power source
and receives the first power voltage ELVDD from the first
power source. A second electrode of the fifth transistor
TC5 is coupled to the second node N2.

[0150] A gate electrode of the sixth transistor TC6 is
coupled to the third node N3. A first electrode of the sixth
transistor TC6 is coupled to the second node N2. A sec-
ond electrode of the sixth transistor TC6 is coupled to
the fourth node N4. The sixth transistor TC6 functions as
a driving transistor.

[0151] A gate electrode of the seventh transistor TC7
receives a third control signal GE. A first electrode of the
seventh transistor TC7 is coupled to the fourth node N4.
A second electrode of the seventh transistor TC7 is cou-
pled to the anode of the OLED.

[0152] A gate electrode of the eighth transistor TC8
receives the third control signal GE. A first electrode of
the eighth transistor TC8 is coupled to the first power
source and receives the first power voltage ELVDD from
the first power source. A second electrode of the eighth
transistor TC8 is coupled to the second node N2.
[0153] The first capacitor C1 is coupled between the
first node N1 and a third power source for providing a
third power voltage Vhold. When the first transistor TC1
is turned on, the first capacitor C1 is charged with a volt-
age corresponding to the data signal D provided from the
data line. The third power source may be set as a power
source fixed to a voltage (e.g., a predetermined voltage,
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for example, a direct current (DC) power source). For
example, the third power source may be set as the first
power source for providing the first power voltage ELVDD
or the initialization power source for providing the initial-
ization voltage Vint. The second capacitor C2 is coupled
between the third node N3 and the first power source.
[0154] Inaninitialization period, the first power voltage
ELVDD is provided at a high level, and the second power
voltage ELVSS and the second control signal Gl are pro-
vided at a low level. As such, the third transistor TC3 and
the fifth transistor TC5 are turned on, and thus the first
power voltage ELVDD is provided to the second node
N2 and the initialization voltage Vint is provided to the
third node N3.

[0155] In a compensation/data transmission period,
the first power voltage ELVDD, the second power voltage
ELVSS, and the first control signal GW are provided at
a low level. As such, the second transistor TC2 is turned
on, and thus the data signal D, written in the emission
pixel EP3 in a scan period of an (N-1)th frame stored in
the first capacitor C1, moves to the second node N2.
Also, the fourth transistor TC4 is turned on and thus the
sixth transistor TC6 is diode-connected, and a current
flows through the diode-connected sixth transistor TC6,
and thus a threshold voltage of the sixth transistor TC6
is compensated, and a voltage difference between the
driving voltage ELVDD and a voltage of the second node
N2 is stored in the second capacitor C2.

[0156] In a scan/emission period, a scan period and
an emission period are concurrently (e.g., simultaneous-
ly) performed. In the scan/emission period, the first power
voltage ELVDD is provided ata high level, and the second
power voltage ELVSS and the third control signal GE are
provided at a low level. Also, the scan signal S having a
low level is input to the scan line and thus the first tran-
sistor TC1 is turned on, and a data signal of an Nth frame
is input to the emission pixels EP3 coupled to the scan
line. As such, a voltage corresponding to the data signal
of the Nth frame is stored in the first capacitor C1.
[0157] The second transistor TC2 is turned off to block
the first node N1 and the second node N2. Also, the sev-
enth and eighth transistors TC7 and TC8 are turned on
and thus a current path from the first power voltage
ELVDD to the cathode of the OLED is formed via the
turned-on sixth transistor TC6, and the OLED emits light
at a brightness corresponding to a data signal written in
the emission pixel EP3 in the scan period of the (N-1)th
frame stored in the second capacitor C2. In this regard,
all emission pixels EP3 in the display area AA concur-
rently (e.g., simultaneously) emit light. That is, in the
scan/emission period, data signals of the Nth frame are
sequentially input according to scan signals and, at the
same time, all emission pixels EP3 in the display area
AA concurrently (e.g., simultaneously) emit light in cor-
respondence with data signals of the (N-1)th frame. The
emission period may partially overlap with the scan pe-
riod and may be shorter than the scan period.

[0158] FIG. 36 is a circuit diagram of an emission pixel
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EP4 according to another embodiment of the present in-
vention.

[0159] Referring to FIG. 36, the emission pixel EP4
includes the emission device E and a pixel circuit 2D for
supplying a currentto the emission device E. The dummy
pixel DP includes the pixel circuit 2D excluding the emis-
sion device E. The emission device E includes an anode,
a cathode, and an emission layer formed or located be-
tween the anode and the cathode, and may be an OLED
having a structure in which the anode is split into a plu-
rality of anodes. The emission device E may include the
first through nth OLEDs OLED1 through OLEDn that are
coupled in parallel to each other according to the plurality
of anodes resulting from the splitting of the anode. Ac-
cordingly, a driving current of the pixel circuit 2D is sep-
arately provided to the first through nth OLEDs OLED1
through OLEDN. If a defective OLED is separated or elec-
trically isolated, because the driving current is separately
provided to the other OLEDs, the OLEDs may emit light
without any perceivable brightness loss. The circuit con-
nection wiring 12 coupled to the emission device E is
disconnected from the circuit wiring 15 coupled to the
pixel circuit 2D by cutting the circuit wiring 15, and thus
the pixel circuit 2D and the emission device E may be
separated or electrically isolated from each other.
[0160] The pixel circuit 2D includes first and second
transistors TD1 and TD2, and a first capacitor C.
[0161] A gate electrode of the first transistor TD1 is
coupled to a scan line. A first electrode of the first tran-
sistor TD1 is coupled to a data line. A second electrode
of the first transistor TD1 is coupled to the first node N1.
[0162] A gate electrode of the second transistor TD2
is coupled to the first node N1. A first electrode of the
second transistor TD2 receives the first power voltage
ELVDD from a first power source. A second electrode of
the second transistor TD2 is coupled to the anode of the
OLED.

[0163] A first electrode of the capacitor C is coupled
between the first node N1. A second electrode of the
capacitor C receives (e.g., is coupled to) the first power
voltage ELVDD from the first power source.

[0164] When the scan signal S is provided from the
scan line, the first transistor TD1 transfers the data signal
D provided from the data line to the first electrode of the
capacitor C. As such, a voltage corresponding to the data
signal D is charged in the capacitor C, and a driving cur-
rent corresponding to the voltage charged in the capac-
itor C is transferred to the emission device E through the
second transistor TD2, and thus the emission device E
emits light.

[0165] Although the emission pixel EP4 of FIG. 36 has
a 2Tr-1Cap structure including two transistors and one
capacitor in one pixel, the presentinvention is not limited
thereto. Thatis, the emission pixel EP4 may have various
structures including two or more transistors and one or
more capacitors by forming additional wirings or omitting
the existing wirings.

[0166] FIG. 37 isaschematicdiagram ofadisplay pan-
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el 10d according to another embodiment of the present
invention.

[0167] Referring to FIG. 37, a plurality of pixels P
aligned in a matrix-like shape where the plurality of scan
lines SL, the plurality of data lines DL, and the plurality
of repair lines RL cross each other are formed on the
display panel 10d. The pixels P include emission pixels
EP formed on the display area AA, and dummy pixels
DP formed on the non-display area NA. The non-display
area NA may be formed on at least one of top and bottom
regions of the display area AA. As such, one or more
dummy pixels DP may be formed in each pixel column
on at least one of top and bottom regions of the pixel
column. FIG. 37 shows an example that the dummy pixel
DP is formed on the bottom region of the pixel column.

[0168] One emission pixel EP includes first through
third sub-emission pixels SEP1, SEP2, and SEP3
aligned in a column direction. Each of the first through
third sub-emission pixels SEP1, SEP2, and SEP3 in-
cludes the pixel circuit PC, and the emission device E
coupled to the pixel circuit PC. The emission device E
may be an OLED including an anode, a cathode, and an
emission layer between the anode and the cathode. The
anode of the emission device E may be split into at least
two anodes and thus the emission device E may include
at least two sub-emission devices.

[0169] The pixel circuits PC and/or the emission de-
vices E of the first through third sub-emission pixels
SEP1, SEP2, and SEP3 may differ in size. The first
through third sub-emission pixels SEP1, SEP2, and
SEP3 are commonly coupled to one scan line, for exam-
ple, an ith scan line SLi, and are respectively coupled to
first through third data lines DLj_1, DLj_2, and DLj_3.
Accordingly, if a scan signal is provided to the ith scan
line SLi, data signals are provided via the first through
third data lines DLj_1, DLj_2, and DLj_3 respectively to
the first through third sub-emission pixels SEP1, SEP2,
and SEP3, and thus each of the first through third sub-
emission pixels SEP1, SEP2, and SEP3 is charged with
a voltage corresponding to the provided data signal and
emits light at a brightness corresponding to the charged
voltage.

[0170] The dummy pixel DP includes first through third
sub-dummy pixels SDP1, SDP2, and SDP3 aligned in a
column direction. Each of the first through third sub-dum-
my pixels SDP1, SDP2, and SDP3 includes only a pixel
circuit PC excluding an emission device E. The pixel cir-
cuit PC of each of the first through third sub dummy pixels
SDP1, SDP2, and SDP3 may have the same or substan-
tially the same design and function as the pixel circuit PC
of each of the first through third sub-emission pixels
SEP1, SEP2, and SEP3. The first through third sub-dum-
my pixels SDP1, SDP2, and SDP3 are commonly cou-
pled to one scan line, for example, an (n+1)th scan line
SLn+1, and are respectively coupled to the first through
third data lines DLj_1, DLj_2, and DLj_3. Accordingly, if
a scan signal is provided to the (n+1)th scan line SLn+1,
data signals are provided via the first through third data
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lines DLj_1, DLj_2, and DLj_3 respectively to the first
through third sub-dummy pixels SDP1, SDP2, and SDP3.
[0171] From among the first through third sub-emis-
sion pixels SEP1, SEP2, and SEP3, if the pixel circuit
PC of the second sub-emission pixel SEP2 is defective,
the pixel circuit PC of the second sub-emission pixel
SEP2 is separated or electrically isolated from the sec-
ond sub-emission device SE2, and the second sub-emis-
sion device SE2 is coupled to the repair line RLj. Also,
from among the first through third sub-dummy pixels
SDP1, SDP2, and SDP3, the pixel circuit PC of the sec-
ond sub-dummy pixel SDP2 corresponding to the second
sub-emission pixel SEP2 is coupled to the repair line RLj.
[0172] FIG. 37 shows an example that a dummy pixel
is formed as a plurality of sub-pixels when a plurality of
sub-pixels included in one pixel have different character-
istics. However, even in this case, the same driving prin-
cipal may also be applied by forming a dummy pixel as
one sub-pixel and correcting a gamma value of a data
signal provided to the dummy pixel.

[0173] FIG. 38 is a circuit diagram of an emission pixel
EP5 according to another embodiment of the present in-
vention.

[0174] Referring to FIG. 38, the emission pixel EP5
includes the emission device E and a pixel circuit 2E for
supplying a currentto the emission device E. The dummy
pixel DP includes the pixel circuit 2E excluding the emis-
sion device E. The emission device E includes an anode,
a cathode, and an emission layer formed or located be-
tween the anode and the cathode, and may be an OLED
having a structure in which the anode is split into a plu-
rality of anodes. The emission device E may include the
first through nth OLEDs OLED1 through OLEDn that are
coupled in parallel to each other through the plurality of
anodes resulting from the splitting of the anode. Accord-
ingly, a driving current of the pixel circuit 2E is separately
provided to the first through nth OLEDs OLED1 through
OLEDRN. If a defective OLED is separated or electrically
isolated from the corresponding pixel circuit, because the
driving currentis separately provided to the other OLEDs,
the OLEDs may emit light without any perceivable bright-
ness loss. The circuit connection wiring 12 coupled to
the emission device E is disconnected from the circuit
wirings 15 and 19 coupled to the pixel circuit 2E by cutting
the circuit wirings 15 and 19, and thus the pixel circuit 2E
and the emission device E may be separated or electri-
cally isolated from each other.

[0175] The pixel circuit 2E of FIG. 38 which further in-
cludes a ninth transistor TC9 and accordingly further in-
cludes the circuitwiring 19 coupled to the emission device
E is the same as the pixel circuit 2C of FIG. 35 in terms
of structure and operation, and thus a detailed description
thereof will be omitted here.

[0176] A gate electrode of the ninth transistor TC9 re-
ceives the second control signal Gl. A first electrode of
the ninth transistor TC9is coupledto an initialization pow-
er line and receives the initialization voltage Vint from the
initialization power line. A second electrode of the ninth
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transistor TC9 is coupled to the anode of the emission
device E. The ninth transistor TC9 is turned on by the
second control signal Gl and provides the initialization
voltage Vint to the anode.

[0177] FIG. 39 is a plan view of the emission pixel EP
including the pixel circuit 2E of FIG. 38.

[0178] FIG. 39 shows the emission pixel EP including
three emission sub-pixels SEP_R, SEP_G, and SEP_B
that are coupled to the scan line SL and a plurality of data
lines DL_R, DL_G, and DL_B, respectively. The red sub-
pixel SEP_R includes two red sub-emission devices
OLED_R1 and OLED_R2 by an anode split and a red
pixel circuit PC_R. The green sub-pixel SEP_G includes
two green sub-emission devices OLED_G1 and
OLED_G2 by the anode split and a green pixel circuit
PC_G. The blue sub-pixel SEP_B includes two blue sub-
emission devices OLED_B1 and OLED_B2 by the anode
split and a blue pixel circuit PC_B. For convenience of
explanation and understanding, FIG. 39 shows only an
anode of each sub-emission device.

[0179] ReferringtoFIG. 39, therepairline RL is formed
or located in a pixel column direction to the left of the
three emission sub-pixels SEP_R, SEP_G, and SEP_B,
and afirst signal line GWL providing the first control signal
GW, a second signal line GIL providing the second con-
trol signal Gl, a third signal line GEL providing the third
control signal GE, the power voltage line ELVDDL, an
initialization voltage line VL, and the data lines DL_R,
DL_G, and DL_B are formed or located in the pixel col-
umn direction to the right of the three emission sub-pixels
SEP_R, SEP_G, and SEP_B.

[0180] Each of the emission sub-pixels SEP_R,
SEP_G, and SEP_B includes short nodes SN1_R,
SN1_G, and SN1_B that are provisionally coupled to the
repair line RL, and cut nodes CN1_R, CN2_R, CN1_G,
CN2_G, CN1_B, and CN2_B formed in electrode con-
nection wirings coupling the red sub-emission devices
OLED_R1 and OLED_RZ2, the green sub-emission de-
vices OLED_G1 and OLED_G2, and the blue sub-emis-
sion devices OLED_B1 and OLED_B2. The red sub-
emission devices OLED_R1 and OLED_R?2, the green
sub-emissiondevices OLED_G1and OLED_G2, andthe
blue sub-emission devices OLED_B1 and OLED_B2
may be separated or electrically isolated from the red
pixel circuit PC_R, the green pixel circuit PC_G, and the
blue pixel circuit PC_B by cutting the circuit wirings 15
and 19 coupled to the red pixel circuit PC_R, the green
pixel circuit PC_G, and the blue pixel circuit PC_B.
[0181] FIG. 40 is a plan view of the dummy pixel DP
including the pixel circuit 2E of FIG. 38.

[0182] FIG. 40 shows the dummy pixel DP including
the three dummy sub-pixels SDP_R, SDP_G, and
SDP_B that are coupled to the scan line SL and the plu-
rality of data lines DL_R, DL_G, and DL_B, respectively.
The red dummy sub-pixel SDP_R includes the red pixel
circuit PC_R. The green dummy sub-pixel SDP_G in-
cludes the green pixel circuit PC_G. The blue dummy
sub-pixel SDP_B includes the blue pixel circuit PC_B.
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[0183] Referringto FIG. 40, the repair line RL is formed
or located in a pixel column direction to the left of the
three dummy sub-pixels SDP_R, SDP_G, and SDP_B.
The first signal line GWL providing the first control signal
GW, the second signal line GIL providing the second con-
trol signal Gl, the third signal line GEL providing the third
control signal GE, the power voltage line ELVDDL, the
initialization voltage line VL, and the data lines DL_R,
DL_G, and DL_B are formed or located in the pixel col-
umn direction to the right of the three dummy sub-pixels
SDP_R, SDP_G, and SDP_B.

[0184] Eachofthe dummy sub-pixels SDP_R,SDP_G,
and SDP_B includes short nodes SN2_R, SN2_G, and
SN2_B that are provisionally coupled to the repair line
RL. The repair line RL is coupled to the power voltage
line ELVDDL, and when a defective pixel is repaired by
using the repair line RL in the future, the power voltage
line ELVDDL and the repair line RL may be separated or
electrically isolated from each other by cutting a region
X of the power connection wiring 18.

[0185] FIG. 41 is a plan view of the emission device E
of the emission pixel EP according to another embodi-
ment of the presentinvention. FIG. 42 is a cross-sectional
view taken along a line C-C’ of FIG. 41.

[0186] Referring to FIG. 41, split electrodes of the
emission device E according to an embodiment of the
present invention, i.e., the first and second anodes AD1
and AD2, the electrode connection wiring 11, and the
circuit connection wiring 12, may be integrally formed.
The electrode connection wiring 11 may include the first
connection units CU1 coupled to the first and second
anodes AD1 and AD2 and the second connection unit
CU2 coupled to the circuit connection wiring 12. The first
and second cutnodes CN1 and CN2 are formed between
the first connection unit CU1 and the second connection
unit CU2. As such, the first and second cut nodes CN1
and CN2 may be cut by irradiating a laser beam onto the
first and second cut nodes CN1 and CN2 in the future.
The electrode connection wiring 11 contacts the short
wiring 14 that overlaps with a part of the repair connection
wiring 13 in the first short node SN1 and is provisionally
coupled to the repair connection wiring 13. The repair
line RL is coupled to the repair connection wiring 13
through a contact hole. As such, the short wiring 14 and
the repair connection wiring 13 may be coupled to each
other by irradiating the laser beam onto the first short
node SN1 in the future.

[0187] The repair line RL and the short wiring 14 may
be formed on the same layer and of the same material
as a conductive electrode included in a TFT of the pixel
circuit PC, for example, a source electrode and a drain
electrode. The third insulating layer 105 is formed on the
repair line RLand the shortwiring 14. Thefirstand second
anodes AD1 and AD2, the electrode connection wiring
11, and the circuit connection wiring 12 are integrally
formed on the third insulating layer 105. The fourth insu-
lating layer 106 covering edges of the first and second
anodes AD1 and AD2 is formed on the first and second
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anodes AD1 and AD2.

[0188] FIG. 43 is a cross-sectional diagram of an or-
ganic light emitting display apparatus including the emis-
sion pixels EP, according to an embodiment of the
present invention.

[0189] Referring to FIG. 43, the display area AA that
includes the emission pixels EP and displays an image
are provided on the substrate 101 of the organic light
emitting display apparatus according to an embodiment
of the present invention. In the non-display area NA out-
side the display area AA, the dummy pixel DP and a pad
unit PAD that transfers a plurality of driving signals and
control signals to the display area AA are formed. The
emission pixels EP and the pad unit PAD are only shown
in FIG. 43.

[0190] The organic light emitting display apparatus in-
cludes the emission devices E including a plurality of sub-
emission devices, the pixel circuit PC including at least
one TFT TR and at least one capacitor CAP and supply-
ing a driving current to the emission device E, and the
pad unit PAD.

[0191] The emission device E includes an anode AD
including the split first and second anodes AD1 and AD2,
a cathode CD facing the anode AD, and an organic layer
OL including an emission layer formed or located be-
tween the anode AD and the cathode CD.

[0192] The anode AD may have a three layer structure
including semitransparent metal and a transparent con-
ductive oxide formed on top and bottom portions of the
semitransparent metal and protecting the semitranspar-
ent metal. The semitransparent metal may include silver
(Ag) or a silver alloy. The transparent conductive oxide
may include at least one selected from the group con-
sisting of ITO, 1ZO, ZnO, In,03,1G0O, and AZO. The semi-
transparent metal forms a micro-cavity structure along
with the cathode CD, thereby increasing light efficiency
of the organic light emitting display apparatus. The fourth
insulating layer 106 that is a pixel definition layer covering
the split first and second anodes AD1 and AD2 may be
formed in edges of the split first and second anodes AD1
and AD2. One of the split first and second anodes AD1
and AD2 may be coupled to one of a source electrode
217a and a drain electrode 217b of the transistor TR
through a contact metal 117.

[0193] Although not shown, the split first and second
anodes AD1 and AD2 may be coupled to each other by
the electrode connection wiring 11 (see FIGS. 15 and
41). The electrode connection wiring 11 may be formed
on the same layer and of the same material as the anode
AD or may be formed on the same layer and of the same
material as an active layer 212 of the transistor TR and
contact the anode AD. The electrode connection wiring
11 may contact one of the source electrode 217a and
the drain electrode 217b of the transistor TR. The tran-
sistor TR coupled to the electrode connection wiring 11
may be different from the transistor TR coupled to one
of the split first and second anodes AD1 and AD2.
[0194] The cathode CD may be configured as a reflec-
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tive electrode including a reflective material. In this re-
gard, the cathode CD may include at least one selected
from the group consisting of Al, Mg, Li, Ca, LiF/Ca, and
LiF/Al. The cathode CD may be configured as areflective
electrode so that light emitted from the organic layer OL
is reflected from the cathode CD, and is transmitted
through the anode AD formed of semitransparent metal,
and then is emitted through the substrate 101.

[0195] The transistor TR may include the active layer
212 formed on the buffer layer 102 of the substrate 101,
a gate electrode 215 formed on the active layer 212 with
the first insulating layer 103 that is a gate insulating layer
formed therebetween and located at a location corre-
sponding to a channel region 212c of the active layer
212, the source electrode 217a and the drain electrode
217b disposed on the gate electrode 215 with the second
insulating layer 104 that is an interlayer insulating layer
formed or located therebetween and respectively cou-
pled to a source region 212a and a drain region 212b.
[0196] The active layer 212 may be formed of a sem-
iconductor containing amorphous or crystalline silicon,
or an oxide semiconductor. The active layer 212 may
include the channel region 212¢ and the source region
212a and the drain region 212b that are doped with ion
impurities and located at opposite sides of the channel
region 212c. The gate electrode 215 may be formed from
a single layer or a plurality of layers including at least one
metal selected from the group consisting of aluminium
(Al), platinum (Pt), palladium (Pd), silver (Ag), magnesi-
um (Mg), gold (Au), nickel (Ni), neodymium (Nd), iridium
(Ir), chromium (Cr), lithium (Li), nickel (Ni), calcium (Ca),
molybdenum (Mo), titanium (Ti), tungsten (W), and cop-
per (Cu). The source electrode 217a and the drain elec-
trode 217b may be formed from two or more layers of
two different metals with different electron mobilities. For
example, the two different metals may be selected from
the group consisting of Al, Pt, Pd, Ag, Mg, Au, Ni, Nd, Ir,
Cr, Li, Ni, Ca, Mo, Ti, W, Cu, or an alloy thereof.

[0197] The capacitor CAP may include afirst electrode
312 formed on the same layer as the active layer 212, a
second electrode 314 formed on the same layer as the
gate electrode 215, and a third electrode 317 formed on
the same layer as the source electrode 217a and the
drain electrode 217b.

[0198] The first electrode 312 of the capacitor CAP
may be formed of a semiconductor doped with ion impu-
rities like the source region 212a and the drain region
212b of the active layer 212. The second electrode 314
of the capacitor CAP is formed on the firstinsulating layer
103 where the gate electrode 215 is formed or located,
but of a different material than the gate electrode 215.
The second electrode 314 may include a transparent
conductive oxide. The capacitor CAP may have a metal-
insulator-metal (MIM) structure by forming a semicon-
ductor doped with ion impurities as the first electrode 312
through the second electrode 314.

[0199] First and second pad electrodes 417 and 418
that are connection terminals of an external driver may
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be formed in the pad unit PAD.

[0200] The first pad layer 417 may include a plurality
of metal layers with different electron mobilities. For ex-
ample, the first pad layer 417 may be formed from mul-
tiple layers of at least one metal selected from the group
consisting of Al, Pt, Pd, Ag, Mg, Au, Ni, Nd, Ir, Cr, Li, Ni,
Ca, Mo, Ti, W, and Cu.

[0201] The second pad layer 418 may be formed of a
transparent conductive oxide containing atleast one ma-
terial selected from the group consisting of ITO, 120,
Zn0O, In,03, IGO, and AZO. The second pad layer 418
may prevent exposure of the first pad layer 417 to mois-
ture and oxygen, thereby preventing degradation in reli-
ability of a pad.

[0202] In the above-described embodiments, a pixel
circuitis formed as a p-channel metal-oxide semiconduc-
tor (PMOS) transistor and a low-level signal is an enable
signal while a high-level signal is a disable signal. How-
ever, the present invention may also be applied by form-
ing the pixel circuit as an n-channel metal-oxide semi-
conductor (NMOS) transistor and inverting the provided
signals. In this case, a high-level signal is an enable sig-
nal and a low-level signal is a disable signal.

[0203] Inthe above-described embodiments, an emis-
sion pixel circuit and a dummy pixel circuit may be the
same (e.g., having a same component structure or func-
tionality), or the dummy pixel circuit may be different (e.g.,
having a different component structure or functionality)
from the emission pixel circuit of which TFTs and/or ca-
pacitors are partially omitted and/or added.

[0204] Inthe above-described embodiments, although
an anode has a two split structure, the anode may have
a plural split structure, for example, three split anodes,
four split anodes, etc., as described above.

[0205] Accordingto embodiments ofthe presentinven-
tion, an operating pointofa TFTisincluded in a saturation
range and, if an anode of a defective pixel has a high
resistance, a current of the defective pixel may be cor-
rected by predicting a resistance value.

[0206] The embodiments of the present invention are
not limited to the above-described pixel structure and
driving method, may be applied to various pixels for emit-
ting light by using various methods, and may achieve
light emission without any perceivable brightness reduc-
tion by repairing a bright spot or a dark spot of a defective
pixel due to a defect of a pixel circuit or an emission de-
vice.

[0207] A darkspotora dark spot caused by a defective
pixelcircuit oremission device is relatively easily repaired
by using a dummy pixel of a display apparatus of the
present invention, thereby improving yield and reliability
of a panel.

Claims

1. An organic light-emitting display apparatus (100)
comprising:
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an emission device (E) comprising a plurality of
sub-emission devices (SE1, SE2);

an emission pixel circuit (PCi) configured to sup-
ply a driving current to the emission device (E);
a dummy pixel circuit (PCn+1) configured to
supply the driving current to the emission device
(E); and

a repair line (RL) coupling the emission device
(E) to the dummy pixel circuit (PCn+1),
wherein the emission device (E) is configured
to receive the driving current from the emission
pixel circuit (PCi) or the dummy pixel circuit
(PCn+1).

2. The organic light-emitting display apparatus of claim
1, wherein each of the plurality of sub-emission de-
vices (SE1, SE2) comprises:

a lower electrode among a plurality of separated
lower electrodes;

an upper electrode commonly facing the plural-
ity of separated lower electrodes; and

an emission layer between the lower electrode
and the upper electrode,

wherein the plurality of separated lower elec-
trodes are electrically coupled to each other
through an electrode connection wiring (11).

3. The organic light-emitting display apparatus of claim
2, wherein the electrode connection wiring (11) com-
prises at least one of metal, amorphous silicon, crys-
talline silicon, and an oxide semiconductor.

4. The organic light-emitting display apparatus of claim
2 or 3, wherein the electrode connection wiring (11)
is ata same layer and of a same material as an active
layer of the emission pixel circuit (PCi).

5. The organic light-emitting display apparatus of claim
2 or 3, wherein the electrode connection wiring (11)
is integrally formed with the plurality of separated
lower electrodes.

6. The organic light-emitting display apparatus of claim
2, wherein the electrode connection wiring compris-
es:

a plurality of first connection units (CU1) coupled
to the plurality of separated lower electrodes;
a second connection unit (CU2) coupled to the
emission pixel circuit (PCi); and

a plurality of cut nodes (CN1, CN2) between the
first connection units (CU1) and the second con-
nection unit (CU2), wherein the cut nodes (CN1,
CNZ2) are cut to electrically isolate the plurality
of separated lower electrodes from each other.

7. The organic light-emitting display apparatus of claim
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6, wherein the electrode connection wiring (11) is
coupled to the plurality of separated lower electrodes
in each of the first connection units (CU1) through a
first contact hole and is coupled to the emission pixel
circuit (PCi) through a second contact hole in the
second connection unit (CU2).

The organic light-emitting display apparatus of claim
6 or 7, further comprising:

at least one circuit wiring (15) having one end
coupled to the emission pixel circuit (PCi) and
another end coupled to the second connection
unit (CU2), wherein the at least one circuit wiring
is configured to be cut to electrically isolate the
emission pixel (PCi) circuit from the emission
device (E).

The organic light-emitting display apparatus of one
of claims 6 to 8, further comprising:

a first repair connection wiring (13) having one
end coupled to the repair line (RL) and another
end overlapping with a first short wiring (14) cou-
pled to one of the first connection units (CU1);
and

an insulating layer (104) between the first repair
connection wiring (13) and the first short wiring
(14), wherein the first repair connection wiring
(13) is configured to be coupled to the first short
wiring (14) utilizing a laser beam.

The organic light-emitting display apparatus of claim
9, wherein each of the first repair connection wiring
(13) and the first short wiring (14) are ata same layer
and of a same material as respective conductive lay-
ers formed on different layers of the emission pixel
circuit (PCi).

The organic light-emitting display apparatus of one
of claims 1 to 10, wherein the dummy pixel circuit
(PCn+1) is on at least one row among first and last
rows of each column, or at least one column among
first and last columns of each row.

The organic light-emitting display apparatus of one
of claims 1 to 11, wherein the emission pixel circuit
(PCi) is in a display area (AA) and the dummy pixel
circuit (PCn+1) is in a non-display area (NA).

The organic light-emitting display apparatus of one
of claims 1 to 12, wherein the emission pixel circuit
(PCi) and the dummy pixel circuit (PCn+1) have a
same component structure and/or function.

The organic light-emitting display apparatus of one
of claims 1 to 13, wherein the dummy pixel circuit
(PCn+1) is coupled to the emission device (E)
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through a second repair connection wiring (16) hav-
ing one end coupled to the repair line (RL) and an-
other end overlapping with a second short wiring (17)
coupled to the dummy pixel circuit (PCn+1), wherein
an insulating layer (104) is between the second re-
pair connection wiring (16) and the second short wir-
ing (17).

The organic light-emitting display apparatus of one
of claims 1 to 14, wherein the repair line (RL) is cou-
pled to a power voltage line (ELVDDL) through a
power connection wiring (18) and is configured to be
electrically isolated from the power voltage line
(ELVDDL) by cutting the power connection wiring
(18).

The organic light-emitting display apparatus of one
of claims 1 to 15, wherein the repair line (RL) is in
each column or row.

The organic light-emitting display apparatus of one
of claims 1 to 16, wherein the emission pixel circuit
(E) comprises:

a first transistor (TA1) configured to transfer a
data signal in response to a scan signal;

a capacitor (C1) configured to be charged with
a voltage corresponding to the data signal; and
a second transistor (TA2) configured to transfer
a driving current corresponding to the voltage
charged in the capacitor to the emission device

(E).

The organic light-emitting display apparatus of one
of claims 1 to 16, wherein the emission pixel circuit
(PCi) further comprises:

a first transistor (TA1) configured to receive a
data signal from a data line (DL) in response to
a scan signal;

a second transistor (TA2) configured to transfer
a driving current corresponding to the data sig-
nal to the emission device (E);

a third transistor (TA3) configured to diode-con-
nect the second transistor (TA1);

a first capacitor (C1) configured to be charged
with a voltage corresponding to the data signal;
and

a second capacitor (C2) connected to one elec-
trode of the first capacitor (C1) and a gate elec-
trode of the second transistor (TA2).

The organic light-emitting display apparatus of claim
18, wherein the emission pixel circuit (PCi) further
comprises:

a fourth transistor (TA4) connected to between
the first transistor (TA1) and the one electrode
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of the first capacitor (C1);

afifth transistor (TA5) connected to between the
data line (DL) and the one electrode of the first
capacitor (C1); and

a third capacitor (C3) having one electrode con-
nected to a node between the first transistor
(TA1) and the fourth transistor (TA4) and anoth-
er electrode connected to a gate electrode of
the fifth transistor (TA5).

The organic light-emitting display apparatus of one
of claims 1 to 16, wherein the emission pixel circuit
(PCi) further comprises:

a first transistor (TA1) configured to receive a
data signal from a data line (DL) in response to
a scan signal;

a second transistor (TA2) configured to transfer
a driving current corresponding to the data sig-
nal to the emission device (PCi);

a third transistor (TA3) configured to diode-con-
nect the second transistor (TA2);

a fourth transistor (TA4) connected to between
the first transistor (TA1) and the second transis-
tor (TA2);

afifth transistor (TA5) connected to between the
second transistor (TA2) and the emission device
(E);

a sixth transistor (TA6) connected to between a
gate electrode of the second transistor (TA2)
and an initial power;

a first capacitor (C1) connected to between the
gate electrode of the second transistor (TA2)
and a first power source; and

a second capacitor (C2) having one electrode
connected to a node between the first transistor
(TA1) and the fourth transistor (TA4) and anoth-
er electrode connected to a second power
source.

The organic light-emitting display apparatus of one
of claims 1 to 20, wherein the dummy pixel circuit
(PCn+1) is configured to supply the driving current
to the emission device (E) at a predetermined time.

The organic light-emitting display apparatus of one
of claims 1 to 21, wherein the dummy pixel circuit
(PCn+1) is configured to supply a same data signal
as that supplied by the emission pixel circuit (PCi)
to the emission device (E).

The organic light-emitting display apparatus of one
of claims 1 to 22, wherein the plurality of sub-emis-
sion devices (SE1, SE2) comprises:

a first sub-emission device (SE1) comprising a
first lower electrode, an upper electrode (AD1)
facing the first lower electrode, and a first emis-
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sion layer between the first lower electrode and
the upper electrode (AD1); and

asecond sub-emission device (SE2) comprising
a second lower electrode, the upper electrode
(AD2) facing the second lower electrode, and a
second emission layer between the second low-
er electrode and the upper electrode (AD2),
wherein the first lower electrode and the second
lower electrode are coupled to each other
through an electrode connection wiring (11).

24. The organic light-emitting display apparatus of claim

23, wherein the electrode connection wiring (11)
comprises:

a first connection unit coupled to the first lower
electrode;

a second connection unit coupled to the second
lower electrode;

a third connection unit coupled to the emission
pixel circuit;

a first node between the first connection unit
(CU1) and the third connection unit (CU3) and
configured to be cut to electrically isolate the first
sub-emission device (SE1) from the emission
pixel circuit (PCi); and

a second node between the second connection
unit (CU2) and the third connection unit (CU3)
and configured to be cut to electrically isolate
the second sub-emission (SE2) device from the
emission pixel circuit (PCi).

25. The organic light-emitting display apparatus of claim

23 or 24, further comprising:

a first repair connection wiring having one end
coupled to the repair line (RL) and another end
overlapping with a first short wiring coupled to
the first connection unit (CU1);

a first insulating layer between the first repair
connection wiring and the first short wiring,
wherein the first repair connection wiring is con-
figured to be coupled to the first short wiring uti-
lizing a laser beam;

a second repair connection wiring having one
end coupled to the repair line and another end
overlapping with a second short wiring coupled
to the dummy pixel circuit (PCn+1); and

a second insulating layer between the second
repair connection wiring and the second short
wiring, wherein the second repair connection
wiring is configured to be coupled to the second
short wiring utilizing the laser beam.

26. A method of repairing a defective pixel in an organic

light emitting display apparatus (100), the organic
light emitting display apparatus (100) comprising a
plurality of emission pixels (EP) comprising an emis-
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sion device (E) comprising a plurality of sub-emis-
sion devices (SE1, SE2), the sub-emission devices
(SE1, SE2) being configured to receive a corre-
sponding driving current from one of an emission
pixel circuit (PCi) and a dummy pixel circuit (PCn+1),
the method comprising:

connecting the defective pixel to the dummy pix-
el circuit (PCn+1) through a repair line (RL); and
after connecting the defective pixel to the dum-
my pixel circuit (PCn+1), if the defective pixel
does not normally emit light, separating the plu-
rality of sub-emission devices (SE1, SE2).

The method of claim 26, wherein the separating of
the plurality of sub-emission devices (SE1, SE2)
comprises:

cutting between a connection unit of the emis-
sion pixel circuit (PCi) and a connection unit of
each of lower electrodes of the plurality of sub-
emission devices (SE1, SE2) in an electrode
connection wiring that couples the lower elec-
trodes to each other.

The method of claim 26 or 27, further comprising:

after coupling the defective pixel to the dummy
pixel circuit (PCn+1), if the defective pixel nor-
mally emits light, separating the emission pixel
circuit (PCi) and the emission device (E) from
each other.

The method of claim 28, wherein the separating of
the emission pixel circuit (PCi) and the emission de-
vice (E) comprises:

cutting at least one wiring coupled between the
emission pixel circuit (PCi) and the lower elec-
trodes of the emission device (E).

The method of one of claims 26 to 29, wherein the
coupling of the defective pixel to the dummy pixel
circuit (PCn+1) comprises:

shorting a first short wiring (14) coupled to the
emission device (E) and a second short wiring
(17) coupled to the dummy pixel circuit (PCn+1)
by:

irradiating a laser beam onto a first repair
connection wiring (13) having one end cou-
pled to the repair line (RL) and another end
overlapping with the first short wiring (14),
wherein a first insulating layer is between
the first repair connection wiring (13) and
the first short wiring (14), and

irradiating the laser beam onto a second re-
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pair connection wiring (16) having one end
coupled to the repair line (RL) and another
end overlapping with the second short wir-
ing (17) with a second insulating layer be-
tween the second repair connection (16)
wiring and the second short wiring (17).

The method of one of claims 26 to 30, further com-
prising:

separating a defective sub-emission device
among a plurality of sub-emission devices (SE1,
SEZ2) of the defective pixel from the other sub-
emission devices.

The method of claim 31, wherein the separating of
the defective sub-emission device among the plural-
ity of sub-emission devices (SE1, SE2) of the defec-
tive pixel from the other sub-emission devices com-
prises:

cutting between a connection unit of a lower
electrode of the defective sub-emission device
and a connection unit of the emission pixel circuit
(PCi) in an electrode connection wiring that cou-
ples lower electrodes of the plurality of sub-
emission devices (SE1, SE2) to each other.
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