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ORGANIC LIGHT-EMITTING DISPLAY
DEVICE, METHOD OF REPAIRING THE
SAME, AND METHOD OF DRIVING THE

SAME

CROSS-REFERENCE TO RELATED PATENT
APPLICATIONS

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2013-0035459, filed on
Apr. 1, 2013 in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein in its entirety by
reference.

BACKGROUND

[0002] 1.Field

[0003] Embodiments of the present invention relate to an
organic light-emitting display device, a method of repairing
the same, and a method of driving the same.

[0004] 2. Description of the Related Art

[0005] If a certain pixel is defective, the pixel may con-
stantly emit light regardless of the presence of a scan signal
and a data signal. The pixel that emits light all the time is
regarded as a bright spot (or a hot spot), and has high visibil-
ity, and is thus easily recognized by a user. Accordingly, a
defective pixel having a high visibility and viewed as a bright
spot was conventionally converted to a dark spot to allow the
defective pixel to be less likely to be recognized. However, as
complexity of pixel circuitry becomes relatively complicated,
a bright spot due to a circuit defect may not be easily solved.

SUMMARY

[0006] Embodiments of the present invention provide a
display device for forming a redundancy pattern in each col-
umn of pixels on a panel and for normally driving a defective
pixel by using the redundancy pattern.

[0007] According to an aspect of embodiments of the
present invention, there is provided an organic light-emitting
display device including a plurality of emission pixels aligned
in columns and rows, each of the emission pixels including an
emission device and a first pixel circuit coupled to the emis-
sion device, adummy pixel including a second pixel circuit in
each column of the emission pixels, and a repair line in each
column, wherein a same data signal is provided to one of the
emission pixels coupled to the repair line and to the dummy
pixel coupled to the repair line, and wherein the emission
pixels are configured to simultaneously emit light.

[0008] The dummy pixel may be at a first row or a last row.
[0009] Theemission pixels may be at adisplay area, and the
dummy pixel may be at a non-display area.

[0010] The first and second pixel circuits may have the
same configuration.

[0011] The first pixel circuit of the emission pixel coupled
to the repair line may be decoupled from the emission device.
[0012] The emission device may include an anode, a cath-
ode, and an emission layer between the anode and the cath-
ode, and a wiring of the first pixel circuit of the emission pixel
coupled to the repair line may be decoupled from the anode of
the emission device.

[0013] The emission pixel coupled to the repair line may
include a first conductive unit contacting an anode of the
emission device, and first contact metal for coupling the first
conductive unit to the repair line, and the dummy pixel
coupled to the repair line may include a second conductive
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unit extending from the second pixel circuit, and second
contact metal for coupling the second conductive unit to the
repair line.

[0014] The first conductive unit and the repair line may be
at a same layer.
[0015] The repair line may be at a same layer and may

include a same material as source and drain electrodes of thin
film transistors of the first and second pixel circuits.

[0016] The repair line may be at a same layer and may
include a same material as the anode.

[0017] The organic light-emitting display device may fur-
ther include at least one insulating layer between the repair
line and a first conductive unit contacting an anode of the
emission device of the emission pixel coupled to the repair
line, and between the repair line and a second conductive unit
coupled to the second pixel circuit of the dummy pixel
coupled to the repair line, and the first and second conductive
units may be laser welded to the repair line.

[0018] The first and second conductive units may be at a
same layer and may include a same material as gate electrodes
of thin film transistors of the first and second pixel circuits,
and the repair line may be at a same layer and may include a
same material as source and drain electrodes of the thin film
transistor.

[0019] According to another aspect of embodiments of the
present invention, there is provided a method of driving an
organic light-emitting display device including a plurality of
emission pixels columns and rows, the emission pixels each
including an emission device and a first pixel circuit coupled
to the emission device, the organic light-emitting display
device also including a dummy pixel including a second pixel
circuit in each column, and a repair line in each column, the
method including sequentially providing data signals to the
emission pixels and to the dummy pixel, wherein a same data
signal is provided to one of the emission pixels coupled to the
repair line and to the dummy pixel coupled to the repair line,
and simultaneously emitting light from emission devices of
the emission pixels according to driving currents correspond-
ing to the data signals.

[0020] The dummy pixel may be at a top or at a bottom of
its corresponding column.

[0021] The sequentially providing data signals may be
before the simultaneously emitting light from emission
devices, in a frame.

[0022] The sequentially providing data signals and the
simultaneously emitting light from emission devices may
partially and temporally overlap.

[0023] According to another aspect of embodiments of the
present invention, there is provided a method of repairing an
organic light-emitting display device including a plurality of
emission pixels in columns and rows, each of the emission
pixels including an emission device and a first pixel circuit
coupled to the emission device, the organic light-emitting
display device further including a dummy pixel including a
second pixel circuit in each column, and a repair line in each
column, wherein the emission pixels are configured to simul-
taneously emit light, the method including decoupling the
emission device of a first defective pixel of the emission
pixels from the first pixel circuit of the first defective pixel,
coupling the emission device of the first defective pixel to the
repair line in a same column as the first defective pixel, and
coupling the repair line to the second pixel circuit of a first
dummy pixel in the same column as the first defective pixel
for enabling the first dummy pixel to receive a data signal that
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matches the data signal provided to the first defective pixel,
for providing a driving current corresponding to the received
data signal via the repair line to the emission device of the first
defective pixel, and for allowing the first defective pixel to
emit light simultaneously with the emission pixels.

[0024] The coupling the emission device of the first defec-
tive pixel to the repair line may include forming first contact
metal on a first conductive unit coupled to an anode of the
emission device of the first defective pixel, and the coupling
of the repair line to the second pixel circuit of the first dummy
pixel may include forming second contact metal on a second
conductive unit coupled to the second pixel circuit of the first
dummy pixel.

[0025] The coupling the emission device of the first defec-
tive pixel to the repair line may include using laser welding to
electrically couple a first conductive unit, which is coupled to
an anode of the emission device of the first defective pixel, to
the repair line, which is insulated from the first conductive
unit by at least one insulating layer, and the coupling the
repair line to the second pixel circuit of the first dummy pixel
may include using laser welding to electrically couple a sec-
ond conductive unit, which is coupled to the second pixel
circuit of the first dummy pixel, to the repair line, which
insulated from the second conductive unit by at least one
insulating layer.

[0026] The method may further include decoupling the
emission device of a second defective pixel, which is in the
same column as the first defective pixel, from the first pixel
circuit, cutting the repair line between the first and second
defective pixels, and coupling the second pixel circuit of a
second dummy pixel, which is in the same column as the first
defective pixel, to a portion of the repair line from which the
first defective pixel is electrically isolated due to the cutting of
the repair line, so as to be configured to receive a data signal
that matches the data signal provided to the second defective
pixel, to provide a driving current corresponding to the
received data signal via the repair line to the emission device
of the second defective pixel, and to allow the second defec-
tive pixel to emit light simultaneously with the plurality of
emission pixels.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The above and other aspects of embodiments of the
present invention will become more apparent by describing in
detail exemplary embodiments thereof with reference to the
attached drawings in which:

[0028] FIG.1isablock diagram of a display device accord-
ing to an embodiment of the present invention;

[0029] FIGS. 2 through 4 are schematic diagrams of
examples of a display panel illustrated in FIG. 1;

[0030] FIG. 5 is a schematic diagram of an emission pixel
according to an embodiment of the present invention;
[0031] FIG. 6 is a schematic diagram of a dummy pixel
according to an embodiment of the present invention;
[0032] FIGS.7 and 8 are diagrams for describing a method
of driving a display device, according to embodiments of the
present invention;

[0033] FIG. 9 is a diagram for describing a method of
repairing a defective pixel, according to an embodiment of the
present invention;

[0034] FIG. 10 shows waveforms of scan signals provided
by a scan driving unit and data signals provided by a data
driving unit of a display panel having a pixel repaired using
the method of the embodiment illustrated in FIG. 9;
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[0035] FIG. 11 is a diagram for describing a method of
repairing a defective pixel, according to another embodiment
of the present invention;

[0036] FIG. 12 shows waveforms of scan signals provided
by a scan driving unit and data signals provided by a data
driving unit of adisplay panel having a pixel repaired by using
the method of the embodiment illustrated in FIG. 11;

[0037] FIG. 13 is a diagram for describing a method of
repairing a defective pixel, according to another embodiment
of the present invention;

[0038] FIG. 14 shows waveforms of scan signals provided
by a scan driving unit and data signals provided by a data
driving unit of a display panel having pixels repaired by using
the method of the embodiment illustrated in FIG. 13;

[0039] FIG. 15 is a circuit diagram of an emission pixel
according to an embodiment of the present invention;
[0040] FIG. 16 is a timing diagram for describing a method
of driving the emission pixel of the embodiment illustrated in
FIG. 15;

[0041] FIG. 17 is a circuit diagram of an emission pixel
according to another embodiment of the present invention;
[0042] FIG. 18is a timing diagram for describing a method
of driving the emission pixel of the embodiment illustrated in
FIG. 17,

[0043] FIG. 19 is a circuit diagram of an emission pixel
according to another embodiment of the present invention;
[0044] FIG. 20is a timing diagram for describing a method
of driving the emission pixel of the embodiment illustrated in
FIG. 19;

[0045] FIGS. 21 and 22 are cross-sectional diagrams for
describing a method of repairing an emission pixel in a bot-
tom emission display device, according to an embodiment of
the present invention;

[0046] FIG. 23 is across-sectional diagram for describing a
method of coupling a dummy pixel in a bottom emission
display device, according to an embodiment of the present
invention;

[0047] FIG. 24 is across-sectional diagram for describing a
method of repairing an emission pixel in a top emission
display device, according to an embodiment of the present
invention;

[0048] FIG. 25 1is across-sectional diagram for describing a
method of coupling a dummy pixel in a top emission display
device, according to an embodiment of the present invention;
[0049] FIG. 26 is across-sectional diagram for describing a
method of repairing an emission pixel in a bottom emission
display device, according to another embodiment of the
present invention;

[0050] FIG.27is across-sectional diagram for describing a
method of coupling a dummy pixel in a bottom emission
display device, according to another embodiment of the
present invention; and

[0051] FIG. 28 is a schematic diagram of a display panel
according to another embodiment of the present invention.

DETAILED DESCRIPTION

[0052] Hereinafter, embodiments of the present invention
will be described in detail by explaining exemplary embodi-
ments of the invention with reference to the attached draw-
ings. Like reference numerals in the drawings denote like
elements. In the following description of embodiments of the
present invention, a detailed description of known functions
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and configurations incorporated herein will be omitted when
it may make the subject matter of the present invention less
clear.

[0053] In the drawings, the thicknesses of layers and
regions may be exaggerated for clarity. It will be understood
that when a layer is referred to as being “on” another layer or
substrate, it can be directly on the other layer or substrate, or
one or more intervening layers may also be present.

[0054] It will be further understood that the terms “com-
prises” and/or “comprising” when used in this specification,
specify the presence of stated features, integers, steps, opera-
tions, 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 a lower side
of a target, and does not always mean an upper side with
respect to a direction of gravity.

[0055] 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 element from another.
For example, a first element could be termed a second ele-
ment, and, similarly, a second element could be termed a first
element, without departing from the scope of the present
invention.

[0056] 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 elements, and do not
modify the individual elements of the list.

[0057] FIG. 1is a block diagram of a display device 100
according to an embodiment of the present invention.

[0058] Referring to FIG. 1, the display device 100 includes
a display panel 10 including a plurality of pixels, a scan
driving 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 located on different semi-
conductor chips, or may be integrated on one semiconductor
chip. Also, the scan driving unit 20 may be formed on the
same substrate as the display panel 10.

[0059] A plurality of scanlines SL extending in a horizontal
direction, and a plurality of the data lines DL extending in a
vertical direction and perpendicularly crossing the scan lines
SL, are formed at the display panel 10. Also, a plurality of
repair lines RL extending to be substantially parallel with,
and spaced apart from, the data lines DL, and to be perpen-
dicularly crossing the scan lines SL, are formed at the display
panel 10. A plurality of pixels P aligned in a substantial matrix
shape/configuration are formed where the scan lines SL, the
data lines DL, and the repair lines RL cross each other.

[0060] 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
and the positions of the data line DL and the repair line RL
may be switched. Also, according to the design of the pixels
P, the repair lines RL may be formed to be parallel with the
scan lines SI and one or more repair lines RL may be formed
in each pixel column. Although not shown in FIG. 1, a plu-
rality of emission control lines for providing an emission
control signal, an initialization voltage line for providing an
initialization voltage, a driving voltage line for providing a
power voltage, etc. may be additionally formed at the display
panel 10.
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[0061] The scan driving unit 20 may generate and sequen-
tially provide scan signals via the scan lines SL to the display
panel 10.

[0062] The data driving unit 30 may sequentially provide
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 grayscale, into a voltage
or current data signal.

[0063] 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 driving unit 30. As
such, the scan driving unit 20 sequentially provides scan
signals to the scan lines SL, and the data driving unit 30
provides data signals to the pixels P. Also, a first power volt-
age ELVDD, a second power voltage ELVSS, an emission
control signal EM, an initialization voltage Vint, etc. may be
provided to the pixels P under the control of the control unit
40. Furthermore, the control unit 40 controls the scan driving
unit 20 to provide a scan signal to a dummy pixel and controls
the data driving unit 30 to provide a data signal the same as the
data signal provided or to be provided to a defective signal, to
the dummy pixel when the scan signal is provided to the
dummy pixel.

[0064] FIGS. 2 through 4 are schematic diagrams of
examples of the display panel 10 illustrated in FIG. 1.

[0065] Referring to FIGS. 2 through 4, a plurality of pixels
P aligned in a substantial matrix shape are formed where a
plurality of scanlines SL cross a plurality of data lines DL and
a plurality of repair lines RL on a display panel 104, 105, or
10c. The pixels P include emission pixels EP formed at a
display area AA and dummy pixels DP formed at a non-
display area NA. The non-display area NA may be formed at
regions either above, below, or both above and below, 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.

[0066] Referring to FIG. 2, the display panel 10q includes a
display area AA and a non-display area NA formed under the
display area AA. First through nth scan lines SL1 through
SLn are formed at the display area AA, and an (n+1)th scan
line SLn+1 is formed at 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 at the display area AA and 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 at the display
area AA. A plurality of dummy pixels DP coupled to the
(n+1)th scan line SLn+1 and the first through mth data lines
DL1 through DLm are formed at the non-display area NA.

[0067] Referring to FIG. 3, the display panel 105 includes a
display area AA and a non-display area NA at the display area
AA. From among zeroth through nth scan lines SL0 through
SLn, the first through nth scan lines SL1 through SLn are
formed at the display area AA, and the zeroth scan line SL0 is
formed at 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 at
both of the display area AA and the non-display area NA. A
plurality of emission pixels EP coupled to the first through nth
scan lines SL1 through SLn and to the first through mth data
lines DL1 through DLm are formed at the display area AA,
and a plurality of dummy pixels DP coupled to the zeroth scan
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line SLO and to the first through mth data lines DL1 through
DLm are formed at the non-display area NA.

[0068] Referring to FIG. 4, the display panel 10¢ includes a
display area AA and a non-display area NA formed both
above and below the display area AA. First through nth scan
lines SL1 through SLn are formed at the display area AA, and
the zeroth and (n+1)th scan lines SLO and SLn+1 are formed
at the non-display area NA. First through mth data lines DL.1
through DLm and first through mth repair lines RL1 through
RLm are formed separately in pixel columns at both of the
display area AA and the non-display area NA. A plurality of
emission pixels EP coupled to the first through nth scan lines
SL.1 through SLn and to the first through mth data lines DL.1
through DLm are formed at the display area AA. A plurality
of dummy pixels DP coupled to the zeroth and (n+1)th scan
lines SLO and SLn+1 and to the first through mth data lines
DL1 through DLm are formed at the non-display area NA.

[0069] FIG. 5 is a schematic diagram of an emission pixel
according to an embodiment of the present invention. Refer-
ring to FIG. 5, an emission pixel EPij coupled to an ith scan
line SLi (where i=1, . . ., n, and n is a natural number) and a
jth data line DLj (where j=1, . . ., m, and m is a natural
number) includes a pixel circuit PC and an emission device E
for emitting light using a driving current received from the
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
therebetween.

[0070] FIG. 6 is a schematic diagram of a dummy pixel
according to an embodiment of the present invention. Refer-
ring to FIG. 6, a dummy pixel DPkj coupled to a kth scan line
SLk (where k=0 or n+1, and n is a natural number) and a jth
data line DLj (wherej=1, . .., m, and m is a natural number)
includes only a pixel circuit PC, and does not include an
emission device E. The pixel circuit PC of the dummy pixel
DPKj is the same as the pixel circuit PC of the emission pixel
EPjj.

[0071] FIGS.7 and 8 are diagrams for describing a method
of driving a display device 100, according to embodiments of
the present invention. Referring to FIG. 7, the display device
100 is driven with a scan period 1 (e.g., SCAN (1)) and an
emission period 2 (e.g., EMISSION (2)) during one frame. In
the scan period 1, scan signals are sequentially provided to a
plurality of scan lines, and a voltage corresponding to a data
signal is charged in a capacitor of each emission pixel EP. In
the emission period 2, OLEDs of all emission pixels EP
receive a current corresponding to the charged voltage, and
emit light (e.g., simultaneously emit light) of a respective
brightness corresponding to the received current.

[0072] If one of the emission pixels EP is defective, and
thus a dummy pixel DPin the same column s used, in the scan
period 1, scan signals are sequentially provided to scan lines
including a scan line coupled to the dummy pixel DP. In this
case, a data signal the same as the data signal provided to the
defective pixel is provided to the dummy pixel DP. In the
emission period 2, the OLEDs of all emission pixels EP
(including the defective pixel) receive a current correspond-
ing to the charged voltage, and emit light (e.g., simulta-
neously emit light) to a respective brightness corresponding
to the received current. Here, the OLED of the defective pixel
receives a current from the dummy pixel DP, and emits light
to a brightness corresponding to the received current.
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[0073] Thescan period 1 is performed prior to the emission
period 2. A voltage corresponding to a data signal of an Nth
frame is charged in each emission pixel EP and in the dummy
pixel DP in the scan period 1, and the OLEDs of all of the
emission pixels EP may emit light according to a current
corresponding to the data signal of the Nth frame in the
emission period 2.

[0074] Referring to FIG. 8, the display device 100 is driven
with ascan and emission period 3 (e.g., SCAN & EMISSION
(3)) during one frame. In the scan and emission period 3, scan
signals are sequentially provided to the scan lines, and a
voltage corresponding to a data signal of an Nth frame is
charged in a capacitor of each emission pixel EP. At the same
time, in the scan and emission period 3, OLEDs of all emis-
sion pixels EP receive a current corresponding to a voltage
charged corresponding to a data signal of an (N-1)th frame,
and emit light (e.g., simultaneously emit light) to a respective
brightness corresponding to the received current. In the scan
and emission period 3, an emission period may be the same as
a scan period, or may start simultaneously (e.g., substantially
simultaneously) with the scan period while ending prior to the
scan period.

[0075] If there is a defective emission pixel EP, and thus a
dummy pixel DP in the same column is used, in the scan and
emission period 3, scan signals and data signals of an Nth
frame are sequentially provided to scan lines including a scan
line coupled to the dummy pixel DP. In this case, a data signal,
which is the same as the data signal provided to the defective
pixel, is provided to the dummy pixel DP. At the same time, in
the scan and emission period 3, the OLEDs of all emission
pixels EP (including the defective pixel) receives a current
corresponding to a voltage charged corresponding to a data
signal of an (N-1)th frame, and emit light (e.g., simulta-
neously emit light) of a respective brightness corresponding
to the received current. Here, the OLED of the defective pixel
receives a current from the dummy pixel DP, and emits light
of a brightness corresponding to the received current.

[0076] Although only a scan period and an emission period
are performed in one frame in FIGS. 7 and 8, other periods
(e.g., aninitialization period, a compensation period for com-
pensating a threshold voltage, an emission off period, etc.)
may be additionally performed in the one frame.

[0077] FIG. 9 is a diagram for describing a method of
repairing adefective pixel, according to an embodiment of the
present invention. Like the display panel 10q illustrated in
FIG. 2, FIG. 9 shows a case that a dummy pixel DPn+1 is
coupled to an (n+1)th scan line SLn+1 from among first
through (n+1)th scan lines SL1 through SLo+1. In FIG. 9,
only a jth column is illustrated for the sake of convenience,
and an OLED is illustrated as an emission device E.

[0078] Referring to FIG. 9, if a pixel circuit PCi of an
emission pixel EPi coupled to an ith scan line is defective, an
OLED coupled to the pixel circuit PCi is decoupled from the
pixel circuit PCI. For this, a cutting unit 130 for electrically
coupling the pixel circuit PCi to the OLED is cut by irradiat-
ing a laser beam onto the cutting unit 130, thereby electrically
separating the pixel circuit PCi from the OLED. For example,
a connection region of an anode of the OLED and the pixel
circuit PCi of the defective emission pixel EPi may be cut to
electrically isolate the pixel circuit PCi from the OLED.
[0079] Then, a first repairing unit 140a couples the OLED
of the defective emission pixel EPi to a repair line RLj, and a
second repairing unit 1405 couples a pixel circuit PCn+1 of
the dummy pixel DPn+1 to the repair line RLj. For example,
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an anode of the OLED of the defective emission pixel EPi
may be coupled to the repair line RLj, and one electrode of a
TFT in the pixel circuit PCn+1 of the dummy pixel DPn+1
may be coupled to the repair line RLj. As such, the OLED of
the defective emission pixel EPi is decoupled from the pixel
circuit PCi of the defective emission pixel EPi, and is electri-
cally coupled via the repair line RLj to the pixel circuit PCn+1
of the dummy pixel DPn+1.

[0080] FIG. 10 shows waveforms of scan signals provided
by a scan driving unit, and of data signals provided by a data
driving unit, of a display panel having a pixel repaired using
the method illustrated in FIG. 9.

[0081] Referring to FIG. 10, in a scan period, first through
(n+1)th scan signals S1 through Sn+1 are sequentially pro-
vided to respective ones of first through (n+1)th scan lines
SL1 through SLn+1. First through nth data signals D1
through Dn are sequentially provided to a jth data line DL in
synchronization with the first through (n+1)th scan signals S1
through Sn+1. In this case, a data signal Di, which is the same
as the data signal Di provided to a defective emission pixel
EPi, is provided again to adummy pixel DPn+1. Accordingly,
an OLED of the defective emission pixel EPi may receive a
current corresponding to the data signal Di via a pixel circuit
PCn+1 of the dummy pixel DPn+1 and via a repair line RL;.
As such, in an emission period, all emission pixels including
the defective emission pixel EPi may emit light (e.g., may
emit light simultaneously), and thus generation of a bright
spot or a dark spot may be suppressed.

[0082] FIG. 11 is a diagram for describing a method of
repairing a defective pixel, according to another embodiment
ofthe present invention. Like the display panel 105 illustrated
in FIG. 3, FIG. 11 shows a dummy pixel DP0 is coupled to a
zeroth scan line SLO, which is among zeroth through nth scan
lines SL.O through SLn. In FIG. 11, only a jth column is
illustrated for the sake of convenience, and an OLED is illus-
trated as an emission device E.

[0083] Referring to FIG. 11, if a pixel circuit PCi of an
emission pixel EPi coupled to an ith scan line is defective, an
OLED, which would otherwise be coupled to the pixel circuit
PCj, is decoupled from the pixel circuit PCi. For this, a cutting
unit 130 for coupling the pixel circuit PCi to the OLED is cut
by irradiating a laser beam onto the cutting unit 130, thereby
electrically separating the pixel circuit PCi from the OLED.
For example, a connection region of an anode of the OLED
may be cut to be electrically isolated from the pixel circuit
PCi of the defective emission pixel EPi.

[0084] Then, a first repairing unit 140a couples the OLED
of the defective emission pixel EPi to a repair line RLj, and a
second repairing unit 1405 couples a pixel circuit PCO of a
dummy pixel DPO to the repair line RLj. For example, an
anode ofthe OLED of the defective emission pixel ER may be
coupled to the repair line RLj, and one electrode of a TFT in
the pixel circuit PC0 of the dummy pixel DP0 may also be
coupled to the repair line RLj. As such, the OLED of the
defective emission pixel ER is decoupled from the pixel cir-
cuit PCiofthe defective emission pixel EPi, and is electrically
coupled via the repair line RLj to the pixel circuit PCO of the
dummy pixel DP0.

[0085] FIG. 12 shows waveforms of scan signals provided
by a scan driving unit, and data signals provided by a data
driving unit, of a display panel having a pixel repaired using
the method illustrated in FIG. 11. Referring to FIG. 12, in a
scan period, zeroth through nth scan signals S0 through Sn are
sequentially and respectively provided to zeroth through nth
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scan lines SL0 through SLn. First through nth data signals D1
through Dn are sequentially provided to a jth data line DLj in
synchronization with the zeroth through nth scan signals S0
through Sn. In this case, a data signal Di, which is the same as
the data signal Di to be provided to a defective emission pixel
EPj, is initially provided to a dummy pixel DP0 (e.g., the data
signal Di is provided to the dummy pixel DPO prior to being
provided to the defective emission pixel EPi). Accordingly,
an OLED of the defective emission pixel EPi may receive a
current corresponding to the data signal Di via a pixel circuit
PC0 of the dummy pixel DP0 and a repair line RLj. As such,
in an emission period, all emission pixels including the defec-
tive emission pixel EPi may emit light (e.g., simultaneously
emit light), and thus generation of a bright spot or a dark spot
may be suppressed.

[0086] FIG. 13 is a diagram for describing a method of
repairing a defective pixel, according to another embodiment
of the present invention. Like the display panel 10¢ illustrated
in FIG. 4, FIG. 13 shows dummy pixels DP0 and DPn+1 are
coupled to zeroth and (n+1)th scan lines SLO and SLn+1 from
among zeroth through (n+1)th scan lines SLO through SLn+1.
In FIG. 13, only a jth column is illustrated for the sake of
convenience, and an OLED is illustrated as an emission
device E.

[0087] Referring to FIG. 13, if a pixel circuit PCi of an
emission pixel EPi coupled to an ith scan line and a pixel
circuit PCp of an emission pixel EPp coupled to a pthscan line
are defective, OLEDs otherwise respectively coupled to the
pixel circuits PCi and PCp are decoupled from the pixel
circuits PCi and PCp. For this, cutting units 130 for coupling
the pixel circuits PCiand PCp to therespective OLEDs are cut
by irradiating laser beams onto the cutting units 130, thereby
electrically separating the pixel circuits PCi and PCp from the
OLED:s. For example, connection regions of anodes of the
OLEDs and the pixel circuits PCi and PCp of the defective
emission pixels EPi and EPp may be cut to electrically isolate
the OLED:s from the pixel circuits PCi and PCp.

[0088] Additionally, a separation unit 150 of the repair line
RLj is cut by irradiating a laser beam onto the separation umt
150, thereby separating the repair line RLj into an upper
portion and a lower portion. As such, pixel circuits PC0 and
PCn+1 of the two dummy pixels DP0 and DPn+1 are electri-
cally separated from each other.

[0089] Then, first repairing units 140a connect the OLEDs
of the defective emission pixels EPi and EPp to the upper and
lower portions of the repair line RLj, and second repairing
units 1405 connect the pixel circuits PCO and PCn+1 of the
dummy pixel DP0 and DPn+1 to the repair line RLj. For
example, anodes of the OLEDs of the defective emission
pixels EPi and EPp may be coupled to the repair line RLj, and
an electrode of respective TFTs in the pixel circuits PC0O and
PCn+1 of the dummy pixels DP0 and DPn+1 may be coupled
to the repair line R14. As such, the OLEDs of the defective
emission pixels EPi and EPp are decoupled from the pixel
circuits PCi and PCp of the defective emission pixels EPiand
EPp, and are electrically coupled via the repair line RLj to the
pixel circuits PCO and PCn+1 of the dummy pixels DP0 and
DPn+1.

[0090] FIG. 14 shows waveforms of scan signals provided
by a scan driving unit, and data signals provided by a data
driving unit, of a display panel having pixels repaired using
the method illustrated in FIG. 13. Referring to FIG. 14, in a
scan period, zeroth through (n+1)th scan signals S0 through
Sn+1 are sequentially provided to respective ones of zeroth



US 2014/0292827 Al

through (n+1)th scan lines SL0 through SLn+1. First through
nth data signals D1 through Dn are sequentially provided to a
jth data line DL in synchronization with the zeroth through
(n+1)th scan signals SO through Sn+1. In this case, a data
signal Di, which is the same as the data signal Di to be later
provided to a defective emission pixel EPi, is initially pro-
vided to a dummy pixel DP0. Also, a data signal Dp, which is
the same as the data signal Dp provided to a defective emis-
sion pixel EPp is provided again to a dummy pixel DPn+1.
[0091] Accordingly, an OLED of the defective emission
pixel EPi may receive a current corresponding to the data
signal Di via a pixel circuit PC0 of the dummy pixel DP0 and
a repair line RLj. Also, an OLED of the defective emission
pixel EPp may receive a current corresponding to the data
signal Dp via a pixel circuit PCn+1 of the dummy pixel
DPn+!1 andthe repairline RLj. As such, in an emission period,
all emission pixels (including the defective emission pixels
EPiand EPp) may emit light (e.g., simultaneously emit light)
and thus generation of a bright spot or a dark spot may be
suppressed.

[0092] FIG.15is acircuit diagram of an emission pixel EP1
according to an embodiment of the present invention. FIG. 16
is a timing diagram for describing a method of driving the
emission pixel EP1 of the embodiment illustrated in FIG. 15.
[0093] Referring to FIG. 15, the emission pixel EP1
includes an OLED and a pixel circuit 2A for providing a
current to the OLED. Although not shown in FIG. 15, a
dummy pixel DP1 includes a pixel circuit 2A, but does not
include an OLED.

[0094] Ananode of the OLED is coupled to the pixel circuit
2A, and a cathode of the OLED is coupled to a second power
source for providing a second power voltage ELVSS. The
OLED emits light of a brightness corresponding to a current
provided from the pixel circuit 2A. If the emission pixel EP1
is determined to be a defective pixel, a cutting unit 130
located at or near a location where the OLED is coupled to the
pixel circuit 2A may be cut using a laser beam.

[0095] The pixel circuit 2A includes first through fourth
transistors TA1 through TA4, and first and second capacitors
Cland C2.

[0096] A gateelectrode of the first transistor TA1 receives a
scan signal S from a scan line, and 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.

[0097] 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, and 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.
[0098] The first capacitor C1 is coupled between the first
node N1 and the first electrode of the second transistor TA2/
the first power source. The second capacitor C2 is coupled
between the first node N1 and the second node N2.

[0099] A gate electrode of the third transistor TA3 receives
a first control signal GC, afirst electrode of the third transistor
TA3 is coupled to the gate electrode of the second transistor
TA2, and a second electrode of the third transistor TA3 is
coupled to the anode of the OLED and to the second electrode
of the second transistor TA2.

[0100] A gate electrode of the fourth transistor TA4
receives a second control signal SUS_ENB, a first electrode
of the fourth transistor TA4 receives an auxiliary voltage
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Vsus, and a second electrode of the fourth transistor TA4 is
coupled to the data line and to the first electrode of the first
transistor TA1.

[0101] InFIG. 16, it is assumed that the emission pixel EP1
and the dummy pixel DP1, each including the pixel circuit 2A
illustrated in FIG. 15, are formed at the display panel 10a
illustrated in FIG. 2, and are repaired using the method illus-
trated in FI1G. 9.

[0102] Referring to FIG. 16, a plurality of emission pixels
EP1 are driven using a simultaneous emission method, and
operate by dividing each frame into an initialization period
Int, a compensation period Vth, a scan/data input period Scan/
Data, and an emission period Emission. In the scan/data input
period Scan/Data, scan signals are sequentially input to a
plurality of scan lines, and data signals corresponding to the
scan signals are sequentially input to the emission pixels EP1
and the dummy pixel DP1.

[0103] In the initialization period Int and in the compensa-
tion period Vth, scan signals are provided (e.g., simulta-
neously provided) to all emission pixels EP1 and to the
dummy pixel DP1. Initialization and threshold voltage com-
pensation of a driving transistor included in each of the emis-
sion pixels EP1 and in the dummy pixel DP1. and light emis-
sion of each emission pixel EP1, are all performed in a frame.
[0104] In the initialization period Int, first through (n+1)th
scan signals S1 through Sn+1 having a low level are simulta-
neously provided to all scan lines. The second control signal
SUS_ENB having a low level is provided to the gate electrode
of the fourth transistor TA4, and 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 having a high level is provided to the first node
N1, a voltage of the second node N2 is reduced, and the
second node N2 is maintained at an initialization voltage Vint.
Then, the second control signal SUS_ENB changes from a
low level to a high level, the fourth transistor TA4 is turned
off, and the auxiliary voltage Vsus of the data line having a
high level is provided to the first node N1. Since the voltage of
the second node N2 is reduced, the second transistor TA2 is
turned on, and a voltage of the anode of the OLED is reset to
a level of the driving voltage ELVDD.

[0105] In the compensation period Vth, the auxiliary volt-
age Vsus having a high level, and which is provided to the data
line, is provided to the first node N1. The first control signal
GCis provided at a low level, and thus the third transistor TA3
is turned on. As such, the second transistor TA2 is diode-
coupled, and thus a current flows until a voltage correspond-
ing to a threshold voltage of the second transistor TA2 is
stored in the second capacitor C2. After that, the second
transistor TA2 is turned off.

[0106] In the scan/data input period Scan/Data, the first
through (n+1)th scan signals S1 through Sn+1 having a low
level are sequentially input to a plurality of scan lines, and
thus the first transistor TA1 is turned on, and data signals are
sequentially input to the emission pixels EP1 and the dummy
pixel DP1 coupled to each scan line. Accordingly, a data
signal, which is the same as the data signal provided to a
defective emission pixel, is provided to the dummy pixel
DP1. As such, a voltage difference between the driving volt-
age ELVDD and a voltage of the first node N1 is stored in the
first capacitor C1.

[0107] In this case, a width of sequentially provided scan
signals may be provided as two horizontal periods (2H), and
widths of adjacent scan signals, for example, widths of the
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(n=1)th scan signal Sn-1 and the nth scan signal Sn, may
overlap by one horizontal period (1H) or less. This is to
improve a deficiency in charge caused by a resistive-capaci-
tive (RC) delay of signal lines, which may occur due to a
large-sized display area.

[0108] In the emission period Emission, 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 OLEDs of
all emission pixels EP1 emit light of a brightness correspond-
ing to a data signal. In this case, an OLED of a defective pixel
emits light due to a current provided from the dummy pixel
DP1 via the repair line.

[0109] Although not shown in FIG. 16, after an emission
period of an Nth frame, for black insertion or dimming before
an (N+1)th frame starts, an emission off period for stopping
light emission may be added.

[0110] FIG.17is acircuit diagram of an emission pixel EP2
according to another embodiment of the present invention.
FIG. 18 is atiming diagram for describing a method of driving
the emission pixel EP2 of the embodiment illustrated in FIG.
17.

[0111] Referring to FIG. 17, the emission pixel EP2
includes an OLED and a pixel circuit 2B for providing a
current to the OLED. Although not shown in FIG. 17, a
dummy pixel DP2 includes a pixel circuit 2B, but does not
include an OLED.

[0112] Ananode of the OLED is coupled to the pixel circuit
2B, and a cathode of the OLED is coupled to a second power
source for providing a second power voltage ELVSS. The
OLED emits light (e.g., emits light of a predetermined bright-
ness) corresponding to a current provided from the pixel
circuit 2B. If the emission pixel EP2 is determined as a
defective pixel, a cutting unit 130, which is located at or near
aregion where the OLED is coupled to the pixel circuit 2B, is
cut using a laser beam.

[0113] The pixel circuit 2B includes first through fifth tran-
sistors TB1 through TB5, and first through third capacitors
C1 through C3.

[0114] A gate electrode of the first transistor TB1 receives
ascansignal S from a scan line, and a first electrode of the first
transistor TB1 1s coupled to, and receives a data signal 1D
from, a data line. A second electrode of the first transistor TB1
is coupled to a first node N1.

[0115] 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, and a
second electrode of the second transistor TB2 is coupled to a
second node N2.

[0116] 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 a
first power source, and 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.

[0117] A gate electrode of the fourth transistor TB4
receives a second control signal GC, a first electrode of the
fourth transistor TB4 is coupled to the third node N3 and to
the gate electrode of the third transistor TB3, and a second
electrode of the fourth transistor TB4 is coupled to the anode
of the OLED.

[0118] A gate electrode of the fifth transistor TB5 receives
the second control signal GC, a first electrode of the fifth
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transistor TB3 is coupled to, and receives the data signal D
from, the data line, and a second electrode of the fifth tran-
sistor TB5 is coupled to the second node N2.

[0119] The first capacitor C1 is coupled between the first
node N1 and the gate electrode of the fifth transistor TBS, the
second capacitor C2 is coupled between the second node N2
and the first power source, and the third capacitor C3 is
coupled between the second node N2, and the third node
N3/the gate electrode of the third transistor TB3. When the
first transistor TB1 is turned on, the first capacitor C1 charges
a voltage corresponding to the data signal D provided from
the data line.

[0120] InFIG. 18, itis assumed that the emission pixel EP2
and the dummy pixel DP2, each including the pixel circuit 2B
of the embodiment illustrated in FIG. 17, are formed at the
display panel 10a illustrated in FIG. 2, and are repaired using
the method illustrated in FI1G. 9.

[0121] Referring to FIG. 18, a plurality of emission pixels
EP2 are driven by using a simultaneous emission method, and
operate by dividing each frame into an initialization period
Int, a compensation period Vth, a data transmission period
Dtrans, and a scan/emission period Scan/Emission. In the
scan/emission period Scan/Emission, scan signals are
sequentially input to a plurality of scan lines, and data signals
corresponding to the scan signals are sequentially input to the
emission pixels EP2 and to the dummy pixel DP2. Initializa-
tion, threshold voltage compensation, and data transmission
of a driving transistor included in each of the emission pixels
EP2 and in the dummy pixel DP2, as well as light emission of
each emission pixel EP2, are respectively performed in the
divided periods of frames.

[0122] In the initialization period Int, the first power volt-
age ELVDD and the second control signal GC are provided at
alow level. The data line is in a high impedance (Hi-Z) state.
As such, the fifth transistor TB5 and the fourth transistor TB4
are turned on, and thus the third transistor TB3 is diode-
coupled, 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.

[0123] In the compensation period Vth, 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-coupled, and a current flows until a voltage
corresponding to a threshold voltage of the third transistor
TB3 is stored in the third capacitor C3. After that, the third
transistor TB3 is turned off.

[0124] In the data transmission period Dtrans, the first
power voltage ELVDD and the second power voltage ELVSS
are provided at their respective high levels, and the first con-
trol signal GW is provided at a low level. As such, the second
transistor TB2 is turned on, and thus the data signal D, which
is written in the emission pixel EP2 in a scan period of an
(N-1)th frame and 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.

[0125] In the scan/emission period Scan/Emission, a scan
period and an emission period are 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 first
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through (n+1)th scan signals S1 through Sn+1 having a low
level are sequentially input to respective scan lines, and thus
the first transistor TB1 is turned on, and data signals are
sequentially input to the emission pixels EP2 and to the
dummy pixel DP2 coupled to each scan line. In this case, a
data signal, which is the same as the data signal provided to a
defective pixel, is provided to the dummy pixel DP2. As such,
a voltage corresponding to a data signal of an Nth frame is
stored in the first capacitor C1.

[0126] The second transistor TB2 is turned off to block the
first node N1 from 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 of a brightness corresponding to the
data signal that is written in the emission pixel EP2 in the scan
period of the (N-1)th frame and stored inthe second capacitor
C2.1Inthis case, all emission pixels EP2 inthe display area AA
simultaneously emit light. The OLED of a defective pixel
emits light due to a current provided from the dummy pixel
DP2 via a repair line. That is, in the scan/emission period
Scan/Emission, data signals of the Nth frame are sequentially
input according to scan signals and, at the same time, all
emission pixels EP2 in the display area AA emit light corre-
sponding to data signals of the (N-1)th frame.

[0127] Here, a width of sequentially provided scan signals
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 overlap by
one horizontal period (1H) or less. This is to solve lack of
charges due to an RC delay of signal lines according to a
large-sized display area.

[0128] FIG.19is acircuit diagram of an emission pixel EP3
according to another embodiment of the present invention.
FIG. 20 is atiming diagram for describing amethod of driving
the emission pixel EP3 of the embodiment illustrated in FIG.
19.

[0129] Referring to FIG. 19, the emission pixel EP3
includes an OLED and a pixel circuit 2C for providing a
current to the OLED. Although not shown in FIG. 19, a
dummy pixel DP3 includes a pixel circuit 2C, but does not
include an OLED.

[0130] Ananode of the OLED is coupled to the pixel circuit
2C, and a cathode of the OLED is coupled to a second power
source for providing a second power voltage ELVSS. The
OLED emits light of a brightness corresponding to a current
provided from the pixel circuit 2C. If the emission pixel EP3
is determined to be a defective pixel, a cutting unit 130, which
is at or near a location where the OLED is coupled to the pixel
circuit 2C, may be cut by using a laser beam.

[0131] The pixel circuit 2C includes first through eighth
transistors TC1 through TC8, and first and second capacitors
C1and C2.

[0132] A gate electrode of the first transistor TC1 receives
a scan signal S from a scan line, a first electrode of the first
transistor TC1 is coupled to, and receives a data signal D
from, a data line, and a second electrode of the first transistor
TC1 is coupled to a first node N1.

[0133] A gate electrode of the second transistor TC2
receives a first control signal GW, a first electrode of the
second transistor TC2 is coupled to the first node N1, and a
second electrode of the second transistor TC2 is coupled to a
second node N2.

[0134] A gate electrode of the third transistor TC3 receives
a second control signal GI, a first electrode of the third tran-
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sistor TC3 is coupled to, and receives an initialization voltage
Vint from, an initialization power source, and a second elec-
trode of the third transistor TC3 is coupled to a third node N3.
[0135] A gate electrode of the fourth transistor TC4
receives the first control signal GW, a first electrode of the
fourth transistor TC4 is coupled to the third node N3, and a
second electrode of the fourth transistor TC4 is coupled to a
fourth node N4.

[0136] A gate electrode of the fifth transistor TCS also
receives the second control signal GI, a first electrode of the
fifth transistor TCS is coupled to, and receives a first power
voltage ELVDD from, a first power source, and a second
electrode of the fifth transistor TCS is coupled to the second
node N2.

[0137] 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, and a second
electrode of the sixth transistor TC6 is coupled to the fourth
node N4. The sixth transistor TC6 functions as a driving
transistor.

[0138] 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, and
a second electrode of the seventh transistor TC7 is coupled to
the anode of the OLED.

[0139] A gate electrode of the eighth transistor TC8 also
receives the third control signal GE, a first electrode of the
eighth transistor TC8 is coupled to, and receives the first
power voltage ELVDD from, the first power source, and a
second electrode of the eighth transistor TC8 is coupled to the
second node N2.

[0140] 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 receives/charges a voltage corresponding to
the data signal D provided from the data line. The third power
source may be a power source of a fixed voltage (for example,
a direct current power source). For example, the third power
source may be set as the first power source for providing the
first power voltage ELVDD, or as the initialization power
source for providing the initialization voltage Vint. The sec-
ond capacitor C2 is coupled between the third node N3 and
the first power source.

[0141] InFIG.20,itis assumed that the emission pixel EP3
and the dummy pixel DP3, each of which including the pixel
circuit 2C illustrated in FIG. 19, are formed at the display
panel 10q illustrated in FIG. 2, and are repaired by using the
method illustrated in FIG. 9.

[0142] Referring to FIG. 20, a plurality of emission pixels
EP3 are driven by using a simultaneous emission method, and
operate by dividing each frame into an initialization period
Int, a compensation/data transmission period Vth/Dtrans, and
a scan/emission period Scan/Emission. In the scan/emission
period Scan/Emission, scan signals are sequentially inputto a
plurality of scan lines, and data signals corresponding to the
scan signals are sequentially input to the emission pixels EP3
and to the dummy pixel DP3. Initialization, threshold voltage
compensation, and data transmission of a driving transistor
included in each of the emission pixels EP3 and the dummy
pixel DP3, as well as light emission of each emission pixel
EP3, are all performed in respective periods of a given frame.
[0143] Inthe initialization period Int (e.g., at the beginning
of the initialization period Int), the first power voltage
ELVDD is provided at a high level, and the second power
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voltage ELVSS and the second control signal GI are provided
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 initial-
ization voltage Vint is provided to the third node N3.

[0144] In the compensation/data transmission period Vth/
Dtrans, the first power voltage ELVDD, the second power
voltage ELVSS, and the first control signal GW are provided
at alow level. As such, the second transistor TC2 is turned on,
and thus the data signal D, which is written in the emission
pixel EP3 in a scan period of an (N-1)th frame and 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-coupled, causing a current to flow therethrough,
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.

[0145] In the scan/emission period Scan/Emission, a scan
period and an emission period are 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 and the third control signal GE are
provided at a low level (e.g., the third control signal GE is
provided at a low level at the beginning of the scan/emission
period Scan/Emission, during the emission period Emission
of the scan/emission period Scan/Emission).

[0146] Also during the scan/emission period Scan/Emis-
sion, the first through (n+1)th scan signals S1 through Sn+1
having a low level are sequentially input to respective scan
lines, and thus the first transistor TC1 is turned on, and data
signals of an Nth frame are sequentially input to the emission
pixels EP3 coupled to each scan line. In this case, a data
signal, which is the same as the data signal provided to a
defective pixel and to the emission pixels EP3, is provided to
the dummy pixel DP3. As such, a voltage corresponding to
the data signal of the Nth frame is stored in the first capacitor
Cl1.

[0147] The second transistor TC2 is turned off to block/
electrically isolate the first node N1 from the second node N2.
Also, the seventh 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, seventh, and eighth transistors TC6, TC7, and TCS,
and the OLED emits light of a brightness corresponding to a
data signal written in the emission pixel EP3 in the scan
period ofthe (N-1)th frame and stored in the second capacitor
C2.Inthis case, allemission pixels EP3 inthe display area AA
simultaneously emit light. The OLED of a defective pixel
emits light due to a current provided from the dummy pixel
DP3 via a repair line. That is, in the scan/emission period
Scan/Emission, data signals of the Nth frame are sequentially
input according to the scan signals and, at the same time, all
emission pixels EP3 in the display area AA simultaneously
emit light corresponding to data signals of the (N-1)th frame.
The emission period Emission may partially overlap the scan
period Scan, and may be shorter than the scan period Scan.
[0148] Here, a width of sequentially provided scan signals
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 overlap by
one horizontal period (1H) or less. This helps to avoid a
problem of insufficient/lacking charge, which may be caused
by an RC delay of signal lines in a large-sized display area.
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[0149] FIGS. 21 and 22 are cross-sectional diagrams for
describing a method of repairing an emission pixel EP in a
bottom emission display device, according to an embodiment
of the present invention.

[0150] InFIGS.21 and 22, for convenience of explanation,
only a pixel electrode 31 for forming an OLED in each emis-
sion pixel EP, and a TFT coupled to the pixel electrode 31 in
a pixel circuit, are illustrated. The TFT may be the second
transistor TA2 of the pixel circuit 2A illustrated in FIG. 15,
the third transistor TB3 of the pixel circuit 2B illustrated in
FIG. 17, or the seventh transistor TC7 of the pixel circuit 2C
illustrated in FIG. 19.

[0151] Referring to FIG. 21, an active layer 21 of the TFT is
formed on a substrate 11. Although not shown in FIG. 21, an
auxiliary layer(s) for preventing diffusion of impurity ions,
for preventing penetration of moisture or external air, and for
planarizing the surface, for example, a barrier layer, a block-
ing layer, and/or a buffer layer, may be further formed on atop
surface of the substrate 11.

[0152] The active layer 21 may include a semiconductor,
and may include doped ion impurities. Also, the active layer
21 may be formed of an oxide semiconductor. The active
layer 21 includes source and drain regions and a channel
region.

[0153] A gateinsulating layer GIis formed on the substrate
11 on which the active layer 21 is formed. A gate electrode 24
and the pixel electrode 31 are formed on the gate insulating
layer GI. The gate electrode 24 is formed to correspond to the
channel region of the active layer 21.

[0154] The gate electrode 24 and the pixel electrode 31 are
formed by sequentially stacking and then etching first and
second conductive layers on the gate insulating layer GI. The
gate electrode 24 may include a first gate electrode 22 formed
of a part of the first conductive layer, and a second gate
electrode 23 formed of a part of the second conductive layer.
The pixel electrode 31 may be formed of a part of the first
conductive layer that is exposed after the second conductive
layer is partially removed. An interlayer insulating layer ILD
is formed on the substrate 11 on which the gate electrode 24
and the pixel electrode 31 are formed.

[0155] Source and drain electrodes 25 and 26, which
respectively contact the source and drain regions of the active
layer 21 through contact holes, are formed on the interlayer
insulating layer ILD. One of the source and drain electrodes
25 and 26 contacts/is electrically coupled to the pixel elec-
trode 31 through a contact hole above a part of the second
conductive layer that remains on an edge region of the pixel
electrode 31. Also, a repair line RL and a first connection umt
41 formed of a conductive material are formed on the inter-
layer insulating layer ILD. The first connection unit 41 is
electrically coupled to the pixel electrode 31 by contacting a
part of the second conductive layer that remains on an edge
region of the pixel electrode 31 (e.g., opposite the edge region
of the pixel electrode contacting the source or drain electrode
25 or 26). The repair line RL and the first connection unit 41
may be formed of the same material as, or of a different
material from, the source and drain electrodes 25 and 26.

[0156] After a backplane is formed as described above, if
the pixel circuitis tested and is determined to be defective, the
TFT is electrically separated from the pixel electrode 31 by
irradiating a laser beam onto a cutting unit 130, which other-
wise couples one of the source and drain electrodes 25 and 26
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to the pixel electrode 31. As such, the pixel circuit of the
defective emission pixel EP is electrically separated from the
pixel electrode 31.

[0157] Referring to FIG. 22, in a first repairing unit 140a,
the repair line RL is electrically coupled to the pixel electrode
31 via the first connection unit 41 by forming first contact
metal CM1 on the repair line RL and the first connection unit
41. The first contact metal CM1 may be formed by using a
method such as chemical vapor deposition (CVD). After
being repaired, a pixel defining layer PDL having a hole for
exposing the pixel electrode 31 is formed on the substrate 11
on which the first contact metal CM1 is formed.

[0158] Then, an organic layer including an emission layer,
and a counter electrode are sequentially formed on the pixel
electrode 31. If the organic layer emits red light, green light,
or blue light, the emission layer may be patterned as a red
emission layer, a green emission layer, or a blue emission
layer, respectively. Otherwise, if the organic layer emits white
light, the emission layer may have a multilayer structure in
which a red emission layer, a green emission layer, and a blue
emission layer are stacked to emit white light, or amonolayer
structure including a red emission material, a green emission
material, and a blue emission material. The counter electrode
may be deposited on the entire surface of the substrate 11, and
thus may be formed as a common electrode. According to an
embodiment of the present invention, the pixel electrode 31 is
used as an anode, and the counter electrode is used as a
cathode. The polarities of the pixel electrode 31 and the
counter electrode may be switched.

[0159] FIG.23 is across-sectional diagram for describing a
method of coupling a dummy pixel DP in a bottom emission
display device, according to an embodiment of the present
invention.

[0160] In FIG. 23, for convenience of explanation, only a
TFT coupled to a repair line RL in a pixel circuit of the
dummy pixel DP is illustrated. The pixel circuit of the dummy
pixel DP may be formed simultaneously with, and may be
formed of the same material as, the pixel circuit of the emis-
sion pixel EP illustrated in FIGS. 21 and 22. Accordingly, the
TFT illustrated in FIG. 23 may be the second transistor TA2
of the pixel circuit 2A 72986151437 illustrated in FIG. 15, the
third transistor TB3 of the pixel circuit 2B illustrated in FIG.
17, or the seventh transistor TC7 of the pixel circuit 2C
illustrated in FIG. 19.

[0161] Referring to FIG. 23, an active layer 51 of the TFT is
formed on a substrate 11. The active layer 51 may include a
semiconductor and may include doped ion impurities. Also,
the active layer 51 may be formed of an oxide semiconductor.
The active layer 51 includes source and drain regions, and a
channel region therebetween. A gate insulating layer GI is
formed on the substrate 11 on which the active layer 51 is
formed. A gate electrode 54 is formed on the gate insulating
layer GI.

[0162] The gate electrode 54 is formed at a position corre-
sponding to the channel region of the active layer 51. The gate
electrode 54 is formed by sequentially stacking and then
etching first and second conductive layers on the gate insu-
lating layer GI. The gate electrode 54 may include a first gate
electrode 52 formed of a part of the first conductive layer, and
a second gate electrode 53 formed of a part of the second
conductive layer. An interlayerinsulating layer ILD is formed
on the substrate 11 on which the gate electrode 54 is formed.
[0163] Source and drain electrodes 55 and 56 respectively
contacting the source and drain regions of the active layer 51

Oct. 2,2014

through contact holes are formed on the interlayer insulating
layer ILD. Also, the repair line RL and a second connection
unit 61 formed of a conductive material is formed on the
interlayer insulating layer ILD. The second connection unit
61 may extend from one of the source and drain electrodes 55
and 56. The repair line RL may be formed of the same mate-
rial as, or of a different material from, the source and drain
electrodes 55 and 56.

[0164] Inasecondrepairingunit 1405, the repair line RL is
electrically coupled to the second connection unit 61 by form-
ing second contact metal CM2 on the repair line RL and the
second connection unit 61. The second contact metal CM2
may be formed simultaneously with, and may be formed of
the same material as, the first contact metal CM1, and may be
formed using a method such as CVD. A pixel defining layer
PDL is formed on the substrate 11 on which the second
contact metal CM2 is formed.

[0165] According to an embodiment of the present inven-
tion, if a pixel circuit of an emission pixel is defective when a
backplane is formed, to solve a bright spot due to the defective
pixel circuit, connection between a pixel electrode of the
emission pixel and a TFT of the emission pixel is cut, and a
connection unit coupled to the pixel electrode is coupled to a
repair line. The repair line coupled to the pixel electrode of the
emission pixel is also coupled to a pixel circuit of a dummy
pixel. As such, a data signal, which is the same as the data
signal input to the pixel circuit of the emission pixel, may be
input to the pixel circuit of the dummy pixel, and an emission
device of the emission pixel may emit light of a brightness
corresponding to the input data signal.

[0166] FIG.24is across-sectional diagram for describing a
method of repairing an emission pixel EP in a top emission
display device, according to an embodiment of the present
invention. FIG. 25 is a cross-sectional diagram for describing
a method of coupling a dummy pixel EP in a top emission
display device, according to an embodiment of the present
invention.

[0167] InFIGS.24 and 25, for convenience of explanation,
only aTFT coupled to a repair line RL in a pixel circuit of the
emission pixel EP or of the dummy pixel DP is illustrated.

[0168] Referring to FIGS. 24 and 25, an active layer 21 of
the TFT of the emission pixel EP (FIG. 24), and an active
layer 51 of the TFT of the dummy pixel DP (FIG. 25) are
formed on a substrate 11. Although not shown in FIGS. 24
and 25, an auxiliary layer(s) for preventing diffusion of impu-
rity ions, for preventing penetration of moisture or external
air, and for planarizing the surface, for example, a barrier
layer, a blocking layer, and/or a buffer layer, may also be
formed on a top surface of the substrate 11.

[0169] The active layers 21 and 51 may include a semicon-
ductor, and may include doped ion impurities. Also, the active
layers 21 and 51 may be formed of an oxide semiconductor.
Each of the active layers 21 and 51 includes source and drain
regions, and a channel region therebetween. A gate insulating
layer GI is formed on the substrate 11 on which the active
layers 21 and 51 are formed.

[0170] A gate electrode 24 of the emission pixel EP, and a
gate electrode 54 of the dummy pixel DP, are formed on the
gate insulating layer GI. The gate electrodes 24 and 54 may be
formed to respectively correspond to the channel regions of
the active layers 21 and 51. An interlayer insulating layer ILD
is formed on the substrate 11 on which the gate electrodes 24
and 54 are formed.
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[0171] Source and drain electrodes 25 and 26, and 55 and
56, which respectively contact the source and drain regions of
the active layers 21 and 51 through contact holes, are formed
on the interlayer insulating layer ILD. A planarization layer
PL is formed on the substrate 11 on which the source and
drain electrodes 25 and 26, and 55 and 56 are formed. The
planarization layer PL. may be formed to have an embossed
surface on a region corresponding to a pixel electrode 31.
[0172] The pixel electrode 31 and a first connection unit 41
of the emission pixel EP, a repair line RL, and a second
connection unit 61 of the dummy pixel DP coupled to one of
the source and drain electrodes 55 and 56, are formed on the
planarization layer PL. The first connection unit 41 may
extend from the pixel electrode 31. The repair line R may be
formed adjacent to the pixel electrode 31. The repair line RL,
the second connection unit 61, and the pixel electrode 31 may
be formed of the same material or of different materials. The
pixel electrode 31 may have an embossed structure according
to the shape of the planarization layer PL.

[0173] After a backplane is formed as described above, if
the pixel circuit is tested and is determined as being defective,
the TFT of the emission pixel EP is electrically separated
from the pixel electrode 31 by irradiating a laser beam onto a
cutting unit 130, which otherwise couples one of the source
and drain electrodes 25 and 26 to the pixel electrode 31. As
such, the pixel circuit of the defective emission pixel EP is
electrically separated from the pixel electrode 31.

[0174] Also, in a firstrepairing unit 140q, the repair lineRL
1s electrically coupled to the first connection unit 41 by using
first contact metal CM1. Furthermore, in a second repairing
unit 1405, the repair line RL is electrically coupled to the
second connection unit 61 by using second contact metal
CM2. The first contact metal CM1 may be formed simulta-
neously with (e.g., during the same process as), and may be
formed of the same material as, the second contact metal
CM2 by using a method such as CVD. After being repaired, a
pixel defining layer PDL is formed on the substrate 11 on
which the first contact metal CM1 and the second contact
metal CM2 are formed.

[0175] Although not shown in FIGS. 24 and 25, an organic
layer including an emission layer, and a counter electrode are
formed on the pixel electrode 31. Like the pixel electrode 31,
the organic layer and the counter electrode may also have an
embossed structure according to the shape of the planariza-
tion layer PL. In this case, if elements located in a proceeding
direction of light emitted from an emission layer have
embossed surfaces, although a total reflection condition is
satisfied and thus total reflection occurs, an incident angle of
reflected light may vary, and thus continuous total reflection
in one element might not occur. Accordingly, the amount of
light transmitted toward a user may be increased, and thus the
efficiency of light may be maximized.

[0176] FIG.26is across-sectional diagram for describing a
method of repairing an emission pixel EP in a bottom emis-
sion display device, according to another embodiment of the
present invention. FIG. 27 is a cross-sectional diagram for
describing a method of coupling a dummy pixel DP in a
bottom emission display device, according to another
embodiment of the present invention.

[0177] InFIGS.26 and 27, for convenience of explanation,
only aTFT coupled to a repair line RL in a pixel circuit of the
emission pixel EP or of the dummy pixel DP is illustrated.
FIGS. 26 and 27 show a case that repairing is performed after
performing a vision test of a display panel.
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[0178] Referring to FIGS. 26 and 27, an active layer 21 of
the TFT ofthe emission pixel EP, and an active layer 51 of the
TFT of the dummy pixel DP, are formed on a substrate 11.
Although not shown in FIGS. 26 and 27, an auxiliary layer(s)
for preventing diffusion of impurity ions, for preventing pen-
etration of moisture or external air, and for planarizing the
surface, for example, a barrier layer, a blocking layer, and/or
a buffer layer, may be further formed on a top surface of the
substrate 11.

[0179] The active layers 21 and 51 may include a semicon-
ductor and may include doped ion impurities. Also, the active
layers 21 and 51 may be formed of an oxide semiconductor.
Each of the active layers 21 and 51 includes source and drain
regions, and a channel region therebetween. A gate insulating
layer GI is formed on the substrate 11 on which the active
layers 21 and 51 are formed.

[0180] A gate electrode 24 of the emission pixel EP and a
gate electrode 54 of the dummy pixel DP are formed on the
gate insulating layer GI. The gate electrodes 24 and 54 may be
formed to respectively correspond to the channel regions of
the active layers 21 and 51. The gate electrodes 24 and 54 are
formed by sequentially stacking and then etching first and
second conductive layers on the gate insulating layer GI. The
gate electrode 24 and 54 may respectively include first gate
electrodes 22 and 52 formed of parts of the first conductive
layer, and second gate electrodes 23 and 53 formed of parts of
the second conductive layer.

[0181] Also, a pixel electrode 31 and a first connection unit
41 of the emission pixel EP, and a second connection unit 61
of the dummy pixel DP, are formed on the gate insulating
layer GI. The pixel electrode 31 may be formed of a part of the
first conductive layer exposed after the second conductive
layer is partially removed. The first connection unit 41 may
extend from the pixel electrode 31, and may be a part of the
first and second conductive layers. The second connection
unit 61 may include a first layer 62 formed of a part of the first
conductive layer, and a second layer 63 formed of a part of the
second conductive layer. An interlayer insulating layer ILD is
formed on the substrate 11 on which the gate electrodes 24
and 54 and the first and second connection units 41 and 61 are
formed.

[0182] Source and drain electrodes 25 and 26, and 55 and
56, respectively contacting the source and drain regions of the
active layers 21 and 51 through contact holes, are formed on
the interlayer insulating layer ILD. Also, the repair line RL is
formed on the interlayer insulating layer ILD to at least par-
tially overlap the first and second connection units 41 and 61.
A pixel defining layer PDL is formed on the substrate 11 on
which the source and drain electrodes 25 and 26, and 55 and
56, and the repair line RL are formed.

[0183] In the emission pixel EP that is detected as a defec-
tive pixel after a vision test, the TFT of the emission pixel EP
is electrically separated from the pixel electrode 31 by irra-
diating a laser beam onto a cutting unit 130 to thereby cut the
cutting unit 130, which is otherwise for coupling one of the
source and drain electrodes 25 and 26 to the pixel electrode
31. As such, the pixel circuit of the defective emission pixel
EP is electrically separated from the pixel electrode 31.
[0184] Also, laser welding is performed by irradiating a
laser beam onto a first repairing unit 140a of the emission
pixel EP. As such, the interlayer insulating layer ILD between
the repair line RL and the first connection unit 41 is broken,
and thus the repair line RL is electrically coupled to the first
connection unit 41. Also, laser welding is performed by irra-
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diating a laser beam onto a second repairing unit 1405 of the
dummy pixel DP. As such, the interlayer insulating layer ILD
between the repair line RL and the second connection unit 61
is broken, and thus the repair line RL is electrically coupled to
the second connection unit 61.

[0185] Before or after avision test, an organic layer includ-
ing an emission layer, and a counter electrode are sequentially
formed on the pixel electrode 31. If the organic layer emits red
light, green light, or blue light, the emission layer may be
respectively patterned as a red emission layer, a green emis-
sion layer, or a blue emission layer. Otherwise, if the organic
layer emits white light, the emission layer may have a multi-
layer structure in which a red emission layer, a green emission
layer, and a blue emission layer are stacked to emit white
light, or a monolayer structure including a red emission mate-
rial, a green emission material, and a blue emission material.
The counter electrode may be deposited on the entire surface
of the substrate 11, and thus may be formed as a common
electrode. According to an embodiment of the present inven-
tion, the pixel electrode 31 is used as an anode and the counter
electrode is used as a cathode. The polarities of the pixel
electrode 31 and the counter electrode may be switched.

[0186] According to an embodiment of the present inven-
tion, when a certain circuit is defective, repairing may be
simply performed using a repair line and laser welding, and
thus a manufacturing yield rate of a display device may be
improved.

[0187] FIG. 28 is a schematic diagram of a display panel
104 according to another embodiment of the present inven-
tion.

[0188] Referring to FIG. 28, a plurality of pixels P aligned
in asubstantial matrix shape where a plurality of scan lines SL
crossing a plurality of data lines DL and a plurality of repair
lines RL are formed at the display panel 10d4. The pixels P
include emission 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 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 upper or lower regions of the pixel column. FIG.
28 shows an example that the dummy pixel DP is formed on
the lower region of the pixel column.

[0189] 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 includes a pixel circuit PC, and
an 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 pixel circuits PC and/or the emission devices 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 example, an ith scan line SLi, and are respec-
tively 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 charges a voltage correspond-
ing to the provided data signal, and emits light of a brightness
corresponding to the charged voltage.
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[0190] One dummy pixel DP includes first through third
sub dummy pixels SDP1, SDP2, and SDP3 aligned in a col-
umn direction. Each of the first through third sub dummy
pixels SDP1, SDP2, and SDP3 includes only a pixel circuit
PC and does not include an emission device E. The pixel
circuit PC of each of the first through third sub dummy pixels
SDP1, SDP2, and SDP3 is otherwise the same as the pixel
circuit PC of each of the first through third sub emission
pixels SEP1, SEP2, and SEP3. The first through third sub
dummy pixels SDP1, SDP2, and SDP3 are commonly
coupled 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 DIj_1, DLj_2, and DLj_3. Accordingly, if a scan
signal is provided to the (n+1)th scan line SL.n+1, data signals
are provided via the first through third data lines DLj_1,
DLj_2, and DL;_3 respectively to the first through third sub
dummy pixels SDP1, SDP2, and SDP3.

[0191] From among the first through third sub emission
pixels SEP1, SEP2, and SEP3, if the pixel circuit PC of the
second sub emission pixel SEP2 is defective, a cutting unit
130 for coupling the pixel circuit PC of the second sub emis-
sion pixel SEP2 to the emission device E is cut, and the
emission device Eis 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 second sub dummy pixel
SDP2 corresponding to the second sub emission pixel SEP2 is
coupled to the repair line RLj.

[0192] If scan signals are sequentially provided to first
through nth scan lines SL1 through SLn in a scan period, 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. Ifalast scan
signalis provided to the (n+1)th scan line SL.n+1, data signals
the same as the data signals provided to the first through third
sub emission pixels SEP1, SEP2, and SEP3 are provided to
the first through third sub dummy pixels SDP1, SDP2, and
SDP3, and a current according to a voltage corresponding to
the data signal charged in the second sub dummy pixel SDP2
coupled to the repair line RLj is provided via the repair line
RI;j to the second sub emission pixel SEP2. As such, in an
emission period, all emission pixels EP may simultaneously
emit light.

[0193] FIG. 28 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 characteristics.
However, even in the present embodiment, the same driving
principal may also be applied by forming a dummy pixel as
one sub-pixel and by correcting a gamma value of a data
signal provided to the dummy pixel.

[0194] Inthe above-described embodiments, a pixel circuit
is formed as a p-channel metal-oxide semiconductor (PMOS)
transistor, and a low-level signal is an enable signal while a
high-level signal is a disable signal. However, embodiments
of the present invention may also be applied by forming the
pixel circuit as an n-channel metal-oxide semiconductor
(NMOS) transistor and inverting the provided signals. In this
case, a high-level signal is an enable signal and a low-level
signal is a disable signal.

[0195] According to embodiments of the present invention,
an operating point of a TFT is included in a saturation range
and, if an anode of a defective pixel has a high resistance, a
current of the defective pixel may be corrected by predicting
a resistance value.
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[0196] Embodiments of the present invention are not lim-
ited to the above-described pixel structure and simultaneous
emission driving, and may be applied to various pixels for
simultaneously emitting light by using various methods, and
may achieve simultaneous light emission without a bright
spot or a dark spot even when a pixel circuit of an emission
pixel is defective by separating the pixel circuit from an
emission device and coupling a pixel circuit of a dummy pixel
via a repair line.

[0197] According to embodiments of the present invention,
a simultaneous emission driving display device may be nor-
mally driven without changing a bright spot into a dark spot
by easily repairing a defective pixel by using a dummy pixel.
[0198] While embodiments of the present invention have
been particularly shown and described with reference to
exemplary embodiments thereof, it will be understood by
those of ordinary skill in the art that various changes in form
and details may be made therein without departing from the
spirit and scope of the present invention as defined by the
following claims and their equivalents.

What is claimed is:

1. An organic light-emitting display device comprising:

aplurality of emission pixels aligned in columns and rows,

each of the emission pixels comprising an emission
device and a first pixel circuit coupled to the emission
device;

a dummy pixel comprising a second pixel circuit in each

column of the emission pixels; and

arepair line in each column,

wherein a same data signal is provided to one of the emis-

sion pixels coupled to the repair line and to the dummy
pixel coupled to the repair line, and

wherein the emission pixels are configured to simulta-

neously emit light.

2. The organic light-emitting display device of claim 1,
wherein the dummy pixel is at least one of at a first row and a
last row.

3. The organic light-emitting display device of claim 1,
wherein the emission pixels are at a display area, and wherein
the dummy pixel is at a non-display area.

4. The organic light-emitting display device of claim 1,
wherein the first and second pixel circuits have the same
configuration.

5. The organic light-emitting display device of claim 1,
wherein the first pixel circuit of the emission pixel coupled to
the repair line is decoupled from the emission device.

6. The organic light-emitting display device of claim 5,
wherein the emission device comprises an anode, a cathode,
and an emission layer between the anode and the cathode, and

wherein a wiring of the first pixel circuit of the emission

pixel coupled to the repair line is decoupled from the
anode of the emission device.

7. The organic light-emitting display device of claim 1,
wherein the emission pixel coupled to the repair line com-
prises a first conductive unit contacting an anode of the emis-
sion device, and first contact metal for coupling the first
conductive unit to the repair line, and

wherein the dummy pixel coupled to the repair line com-

prises a second conductive unit extending from the sec-
ond pixel circuit, and second contact metal for coupling
the second conductive unit to the repair line.

8. The organic light-emitting display device of claim 7,
wherein the first conductive unit and the repair line are at a
same layer.
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9. The organic light-emitting display device of claim 7,
wherein the repair line is at a same layer and comprises a same
material as source and drain electrodes of thin film transistors
of the first and second pixel circuits.

10. The organic light-emitting display device of claim 7,
wherein the repair line is at a same layer and comprises a same
material as the anode.

11. The organic light-emitting display device of claim 1,
further comprising at least one insulating layer between the
repair line and a first conductive unit contacting an anode of
the emission device of the emission pixel coupled to the repair
line, and between the repair line and a second conductive unit
coupled to the second pixel circuit of the dummy pixel
coupled to the repair line,

wherein the first and second conductive units are laser

welded to the repair line.

12. The organic light-emitting display device of claim 11,
wherein the first and second conductive units are at a same
layer and comprise a same material as gate electrodes of thin
film transistors of the first and second pixel circuits, and

wherein the repair line is at a same layer and comprises a

same material as source and drain electrodes of the thin
film transistor.

13. A method of driving an organic light-emitting display
device comprising a plurality of emission pixels columns and
rows, the emission pixels each comprising an emission device
and a first pixel circuit coupled to the emission device, the
organic light-emitting display device also comprising a
dummy pixel comprising a second pixel circuit in each col-
umn, and a repair line in each column, the method compris-
ing:

sequentially providing data signals to the emission pixels

and to the dummy pixel, wherein a same data signal is
provided to one of the emission pixels coupled to the
repair line and to the dummy pixel coupled to the repair
line; and

simultaneously emitting light from emission devices of the

emission pixels according to driving currents corre-
sponding to the data signals.

14. The method of claim 13, wherein the dummy pixel is at
least one of ata top and a bottom of its corresponding column.

15. The method of claim 13, wherein the sequentially pro-
viding datasignals is before the simultaneously emitting light
from emission devices, in a frame.

16. The method of claim 13, wherein the sequentially pro-
viding data signals and the simultaneously emitting light
from emission devices partially and temporally overlap.

17. A method of repairing an organic light-emitting display
device comprising a plurality of emission pixels in columns
and rows, each of the emission pixels comprising an emission
device and a first pixel circuit coupled to the emission device,
the organic light-emitting display device further comprising a
dummy pixel comprising a second pixel circuit in each col-
umn, and a repair line in each column, wherein the emission
pixels are configured to simultaneously emit light, the method
comprising:

decoupling the emission device of a first defective pixel of

the emission pixels from the first pixel circuit of the first
defective pixel,

coupling the emission device of the first defective pixel to

the repair line in a same column as the first defective
pixel; and

coupling the repair line to the second pixel circuit of a first

dummy pixel in the same column as the first defective
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pixel for enabling the first dummy pixel to receive a data
signal that matches the data signal provided to the first
defective pixel, for providing a driving current corre-
sponding to the received data signal via the repair line to
the emission device of the first defective pixel, and for
allowing the first defective pixel to emit light simulta-
neously with the emission pixels.

18. The method of claim 17, wherein the coupling the
emission device of the first defective pixel to the repair line
comprises forming first contact metal on a first conductive
unit coupled to an anode of the emission device of the first
defective pixel, and

wherein the coupling of the repair line to the second pixel
circuit of the first dummy pixel comprises forming sec-
ond contact metal on a second conductive unit coupled
to the second pixel circuit of the first dummy pixel.

19. The method of claim 17, wherein the coupling the
emission device of the first defective pixel to the repair line
comprises using laser welding to electrically couple a first
conductive unit, which is coupled to an anode of the emission
device of the first defective pixel, to the repair line, which is
insulated from the first conductive unit by at least one insu-
lating layer, and

14
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wherein the coupling the repair line to the second pixel
circuit of the first dummy pixel comprises using laser
welding to electrically couple a second conductive unit,
which is coupled to the second pixel circuit of the first
dummy pixel, to the repair line, which insulated from the
second conductive unit by at least one insulating layer.

20. The method of claim 17, further comprising:

decoupling the emission device of a second defective pixel,
which is in the same column as the first defective pixel,
from the first pixel circuit;

cutting the repair line between the first and second defec-
tive pixels; and

coupling the second pixel circuit ofa second dummy pixel,
which is in the same column as the first defective pixel,
to a portion of the repair line from which the first defec-
tive pixel is electrically isolated due to the cutting of the
repair line, so as to be configured to receive a data signal
that matches the data signal provided to the second
defective pixel, to provide a driving current correspond-
ing to the received data signal via the repair line to the
emission device of the second defective pixel, and to
allow the second defective pixel to emit light simulta-
neously with the plurality of emission pixels.

I S S T



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

BNAKXETREE , HEERERERF HE

US20140292827A1 NI (»&E)B
US14/062816 RiEHR
ZEERAERLNA

=EDISPLAY CO., LTD.

=EDISPLAY CO., LTD.

patsnap

2014-10-02

2013-10-24

100
v

10

[$R] & B8 A KANG KI NYENG
KIM NA YOUNG
JO SO0 BEOM
LEE JAE HO
HUR MYUNG KOO
KB A KANG, KI-NYENG
KIM, NA-YOUNG
JO, SOO-BEOM
LEE, JAE-HO
HUR, MYUNG-KOO
IPCH#E G09G3/32
CPCH#E G09G3/3241 HO1L27/3276 GO2F1/136259 G09G3/20 G09G3/3225 G09G3/3233 G09G2230/00
G09G2300/0413 G09G2300/0426 G09G2300/0819 G09G2300/0852 G09G2300/0861 G09G2330/08
G09G2330/10 H01L27/3223 H01L2251/568
£ 5 1020130035459 2013-04-01 KR
H T SCEk US9256109
S\EBEEE Espacenet USPTO
WEGR)
BUANEREESEUNMITEINZNEHEERE , BINREHEES 40 30
EASFEENBEIAFEENE—BEZLR  SNNDEBEEF-GS
~ ~ e oo | CONTROL | DATA DATA DRIVING UNIT
BERNERGEURE—IIHNEEL AP RBARMRMEELIAT UNIT DCS
BESBEHFHN —ERBAIFREERNFTREGEFN —EEE oo -
HEMREES , BEEFFHRAHEELREBURNZ X, 20
sL
AL oL
sL
SCAN
DRIVING

UNIT



https://share-analytics.zhihuiya.com/view/a3f7aeab-a74e-4b1b-9e2a-c30932bd3788
https://worldwide.espacenet.com/patent/search/family/050389351/publication/US2014292827A1?q=US2014292827A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220140292827%22.PGNR.&OS=DN/20140292827&RS=DN/20140292827

