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Description
CROSS-REFERENCE TO RELATED APPLICATION

[0001] Thisapplication claims priority to and the benefit
of Korean Patent Application No. 10-2013-0141476, filed
on November 20, 2013

BACKGROUND
1. Field

[0002] Aspects of embodiments of the present inven-
tion relate to an organic light emitting display apparatus
and a method of repairing the same.

2. Description of the Related Art

[0003] When adefectoccurs in a certain pixel, the pixel
may always emit light regardless of a scanning signal
and data signal. The pixel always emitting light as de-
scribed above is recognized as a bright spot, which may
be easily perceived by an observer due to high visibility
thereof. Accordingly, generally, a defective pixel becom-
ing a bright spot having high visibility may be repaired to
become a dim spot, such that the defective pixel may be
relatively less perceptible by an observer.

SUMMARY

[0004] Aspects of embodiments of the present inven-
tion include an organic light emitting display apparatus
and a method of repairing the same.

[0005] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent
from the description, or may be learned by practice of
the presented embodiments.

[0006] According to aspects of embodiments of the
present invention, an organic light emitting display appa-
ratus includes a plurality of emission pixels arranged in
a matrix of a plurality of rows and a plurality of columns,
wherein the emission pixels each include a light emitting
diode (LED); a plurality of dummy pixels; a plurality of
repair lines, wherein at least one of the plurality of emis-
sion pixels is coupled to at least one of the plurality of
dummy pixels through one of the repair lines; and at least
one auxiliary repair line coupling at least two of the plu-
rality of repair lines.

[0007] Each row or column may include at least one
of the repair lines, each row or column may include at
least one of the auxiliary repair lines, and the at least one
of the repair lines and the at least one of the auxiliary
repairs line may be formed on different layers and over-
lap, and the organic light emitting display apparatus may
further include at least one insulating layer between the
at least one of the repair lines and the at least one of the
auxiliary repair lines.

[0008] The repair lines and auxiliary repair lines may
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be perpendicular to each other.

[0009] Eachrow may include a repair line of the repair
lines, and a column of the columns may include an aux-
iliary repair line of the auxiliary repair lines.

[0010] The emission pixel may be in a display region
and the dummy pixels may be in a non-display region,
and the non-display region may be in at least one of a
top, a bottom, a left, or a right of the display region.
[0011] The auxiliary repair lines may be in at least one
of an upper portion or a lower portion of a display region.
[0012] Each of the emission pixels may include a plu-
rality of sub-emission pixels, each of the dummy pixels
may include a plurality of sub-dummy pixel, and one or
more of the repair lines may couple the sub-emission
pixels to the sub-dummy pixels.

[0013] The sub-emission pixels in each of the emission
pixels may emit different colors of light, respectively, and
a pixel circuit of each of the sub-dummy pixels may cor-
respond to an emission pixel circuit of each of the sub-
emission pixels, and the one or more of the repair lines
may couple at least one of the plurality of sub-emission
pixels to one of the plurality of sub-dummy pixels, corre-
sponding to the sub-emission pixel.

[0014] The apparatus may further include a dummy
scanning line coupled to one of the dummy pixels, and
the dummy scanning line may be configured to supply a
scanning signal to the one of the dummy pixels, the emis-
sion pixels may each be coupled to arespective scanning
line and a respective data line, the one of the dummy
pixels may be coupled to the dummy scanning line and
the respective data line, and the dummy pixels and the
repair lines may be formed at least one for each row.
[0015] The dummy scanning line may be configured
to apply a dummy scanning signal to the one of the dum-
my pixels while providing a certain time difference from
scanning signals applied to the emission pixels by the
respective scanning line, and the data line may be con-
figured to apply a data signal identical to that applied to
an emission pixel coupled to the one of the dummy pixels
by the repair line concurrently with applying the dummy
scanning signal to the one of the dummy pixels.

[0016] Each of the emission pixels may further include
an emission pixel circuit coupled to the LED, and each
of the dummy pixels may include a dummy pixel circuit,
and one of the repair lines couples the LED of one of the
emission pixels, in which the emission pixel circuit and
the LED are separated from each other, to the dummy
pixel circuit of one of the dummy pixels.

[0017] The emission pixel circuit of the emission pixels
may further include: a first transistor configured to trans-
mit a data signal in response to a scanning signal; a ca-
pacitor configured to store a voltage corresponding to
the data signal; and a second transistor configured to
transfer a driving current corresponding to the voltage
stored in the capacitor to the LED.

[0018] An arrangement of the dummy pixel circuit of
the dummy pixels may be identical to that of the emission
pixel circuit of the emission pixels, and the emission pix-



3 EP 2 876 683 A2 4

els may emit at a same time.

[0019] The LED of the emission pixels may include an
anode, a cathode, an emission layer between the anode
and cathode, and a wiring of the emission pixel circuit
coupled to the anode of the LED may be broken in an
emission pixel of the emission pixels that is coupled to a
repair line of the repair lines.

[0020] The apparatus may further include at least one
insulating layer between a first conductive portion in con-
tact with an anode of the LED of the emission pixels and
a corresponding one of the repair lines, and between a
second conductive portion in contact with a dummy pixel
circuit of the dummy pixel and the corresponding one of
the repair lines, and the first conductive portion of the at
least one emission pixel may be electrically coupled to
the corresponding one of the repair lines, and the second
conductive portion of the at least one dummy pixel may
be electrically coupled to the corresponding one of the
repair lines.

[0021] According to aspects of embodiments of the
present invention, in a method of repairing an organic
light emitting display apparatus, the organic light emitting
display apparatus including: a plurality of emission pixels
arranged in a matrix of rows and columns, wherein each
ofthe emission pixels includes an LED; a plurality of dum-
my pixels; a plurality of repair lines coupling at least one
of the emission pixels to at least one of the plurality of
dummy pixels; and at least one auxiliary repair line cou-
pling atleast two of the plurality of repair lines, the method
including: electrically isolating the LED of a first defective
pixel and of a second defective pixel located in a first row
from an emission pixel circuit of the first defective pixel
and an emission pixel circuit of the second defective pixel,
respectively; electrically coupling a first repair line corre-
sponding to the first row to the LED of the first defective
pixel; electrically coupling a second repair line corre-
sponding to a second row to the LED of the second de-
fective pixel; electrically coupling a first dummy pixel cir-
cuit of a first dummy pixel to the first repair line for ena-
bling a first data signal to be applied to the first defective
pixel and to the first dummy pixel, thereby supplying a
first driving current corresponding to the first data signal
to the LED of the first defective pixel through the first
repair line; and electrically coupling a second dummy pix-
el circuit of a second dummy pixel to the second repair
line for enabling a second data signal to be applied to
the second defective pixel and the second dummy pixel,
thereby supplying a second driving current correspond-
ing to the second data signal to the LED of the second
defective pixel through the second repair line.

[0022] The electrical coupling of the LED of the second
defective pixel may include: electrically coupling the first
repair line to the LED of the second defective pixel; and
electrically coupling the first repair line to the second re-
pair line using the at least one auxiliary repair line.
[0023] The method may furtherinclude electrically iso-
lating a portion of the first repair line, between a position
in which the first repair line is coupled to the first defective
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pixel and a position in which the first repair line is coupled
to the second defective pixel; and electrically isolating at
least one of both outer sides of a portion in the auxiliary
repair line used for the first repair line and second repair
line.

[0024] Each emission pixel of the emission pixels may
include a conductive portion coupled to the each emis-
sion pixel and overlapped with a corresponding one of
the repair lines, at least one insulating layer may be be-
tween the conductive portion and the corresponding one
of the repair lines, the conductive portion of the each
emission pixel may be coupled to an anode of the LED
of the each emission pixel, and electrically coupling the
first repair line to the LED of the first defective pixel further
comprises electrically coupling a conductive portion of
the first defective pixel to the first repair line.

[0025] The electrically coupling of the conductive por-
tion of the first defective pixel to the first repair line may
further include destructing a portion of the insulating layer
between the conductive portion of the first defective pixel
and the first repair line.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] These and/or other aspects will become more
apparentand more readily appreciated from the following
description of some of the embodiments, taken in con-
junction with the accompanying drawings in which:

FIG. 1 is a schematic block diagram of a display ap-
paratus according to an embodiment of the present
invention;

FIG. 2 is a schematic view illustrating an example of
the display panel shown in FIG. 1;

FIG. 3 is a view illustrating a method of repairing a
defective pixel by using a repair line in the display
panel shown in FIG. 2;

FIGS. 4 and 5 are waveform diagrams illustrating a
scanning signal and data signal supplied to the re-
paired display panel shown in FIG. 3;

FIG.6is a flowchart schematically illustrating a meth-
od of repairing a defective pixel according to an em-
bodiment of the present invention;

FIGS. 7 to 9 are views illustrating the method of re-
pairing the defective pixel, for example, operations
62 and 63 shown in FIG. 6;

FIGS. 10 and 11 are views illustrating a method of
repairing a defective pixel according to embodiments
of the present invention;

FIGS. 12 and 13 are views illustrating a display panel
according to another embodiment of the present in-
vention;

FIG. 14 is a circuit diagram illustrating an emission
pixel according to an embodiment of the present in-
vention;

FIG. 15 is a view schematically illustrating a method
of repairing an emission pixel using a dummy pixel
according to an embodiment of the present inven-
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tion;

FIG. 16 is a view illustrating a dummy pixel according
to an embodiment of the present invention;

FIG. 17 is a top view illustrating a portion of the dum-
my pixel of FIG. 16;

FIG. 18 is a cross-sectional view illustrating a portion
taken along the line B-B’ shown in FIG. 17;

FIG. 19 is a cross-sectional view illustrating a repair
of an emission pixel in an organic light emitting dis-
play apparatus according to an embodiment of the
present invention; and

FIG. 20 is a cross-sectional view illustrating a con-
nection of a dummy pixel in an organic light emitting
display apparatus according to an embodiment of
the present invention.

DETAILED DESCRIPTION

[0027] Because the present invention may have vari-
ous modifications and several embodiments, example
embodiments are shown in the drawings and will be de-
scribed in some detail. Aspects, features, and a method
of achieving the same will be specified with reference to
embodiments described below in detail together with the
attached drawings. However, the embodiments may
have different forms and should not be construed as be-
ing limited to the descriptions set forth herein.

[0028] Hereinafter, the embodiments of the present in-
vention will be described in some detail with reference
to the attached drawings, in which like reference numer-
als refer to like elements and a repetitive explanation
thereof will be omitted.

[0029] It will be understood that although the terms
"first", "second", etc. may be used herein to describe var-
ious components, these components should not be lim-
ited by these terms. These components are only used to
distinguish one component from another. As used herein,
the singular forms "a," "an", and "the" are intended to
include the plural forms as well, unless the context clearly
indicates otherwise.

[0030] Inthe embodiments below, it will be further un-
derstood that the terms "comprise" and/or "have" used
herein specify the presence of stated features or com-
ponents, but do not preclude the presence or addition of
one or more other features or components. In the em-
bodiments below, it will be understood that when a layer,
region, or component is referred to as being "formed on"
another layer, region, or component, it can be directly or
indirectly formed on the other layer, region, or compo-
nent. That is, for example, intervening layers, regions, or
components may be present.

[0031] Also, for convenience of description, in the
drawings, sizes of elements may be exaggerated or con-
tracted. Sizes of elements in the drawings may be exag-
gerated for convenience of explanation. In other words,
because sizes and thicknesses of components in the
drawings are illustrated for convenience of explanation,
the following embodiments are not limited thereto.
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[0032] When a certain embodiment may be imple-
mented differently, a specific process order may be per-
formed differently from the described order. For example,
two consecutively described processes may be per-
formed substantially at the same time or performed in an
order opposite to the described order. 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 ele-
ments, modify the entire list of elements and do not mod-
ify the individual elements of the list.

[0033] FIG. 1is aschematic block diagram of a display
apparatus 100 according to an embodiment of the
present invention.

[0034] Referring to FIG. 1, the display apparatus 100
includes a display panel 10 including a plurality of pixels
P, a scanning driving unit 20, a data driving unit 30, and
a control unit 40. The scanning driving unit 20, data driv-
ing unit 30, and control unit 40 may be formed on indi-
vidual semiconductor chips, respectively, or may be in-
tegrated on one semiconductor chip. Also, the scanning
driving unit 20 may be formed on the same substrate
together with the display panel 10.

[0035] In the display panel 10, a plurality of scanning
lines SL are formed in a horizontal direction and a plurality
of data lines DL vertically intersect with the scanning lines
SL in a vertical direction. Also, in the display panel 10, a
plurality of repair lines RL separated from the data lines
DL extend approximately parallel thereto with a certain
interval, and intersecting where the scanning lines SL
are formed. On intersecting points of the pluralities of
scanning lines SL, data lines DL, and repair lines RL, the
plurality of pixels P arranged as an approximate matrix
shape are formed.

[0036] InFIG.1,the dataline DL is located on the right
of the pixel P and the repair line RL is located in the left
of the pixel P, but embodiments of the present invention
are not limited thereto, and the relative locations of the
data line DL and the repair line RL may be reversed and
may be formed to include one or more for each pixel row
or column. Also, the repair line RL is formed to be parallel
to the data line DL and may be formed to include one or
more for each pixel row according to the design of pixel.
An auxiliary repair line in addition to the repair line RL
may be formed to be parallel to the scanning line SL and
at least one auxiliary repair line may be included in the
display panel 10. It will be described below with reference
to FIGS. 7 and 8. Additionally, in the display panel 10, a
plurality of emission control lines supplying emission con-
trol signals, an initialization voltage line supplying an in-
itialization voltage, and a power voltage line supplying
power voltages may be additionally formed.

[0037] The scanning driving unit 20 may generate and
sequentially supply scanning signals to the display panel
10 through the plurality of scanning lines SL.

[0038] The datadriving unit30 may sequentially supply
data signals to the display panel 10 through the plurality
of data lines DL. The data driving unit 30 converts input
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image data DATA having gradation, inputted from the
control unit 40, into a data signal having a voltage or
current shape.

[0039] The control unit 40 generates and transmits a
scanning control signal SCS and data control signal DCS
to the scanning driving unit 20 and the data driving unit
30, respectively. According thereto, the scanning driving
unit 20 applies a scanning signal to the scanning lines
SLin order (e.g., in sequential order) and the data driving
unit 30 applies a data signals to the respective pixels P.
A first power voltage ELVDD, a second power voltage
ELVSS, an emission control signal EM, an initialization
voltage Vint, or other voltage or power may be applied
to the respective pixels P under the control of the control
unit 40.

[0040] FIG. 2is a schematic view illustrating an exam-
ple of the display panel 10 shown in FIG. 1.

[0041] Referring to FIG. 2, in the display panel 10, on
intersecting (e.g., overlapping) points of the pluralities of
scanning lines SL, data lines DL, and repair lines RL, the
plurality of pixels P are arranged as an approximate ma-
trix shape. The pixel P includes an emission pixel EP
formed in a display region AA and a dummy pixel DP
formed in a non-display region NA. The non-display re-
gion NA may be formed on at least one position of top,
bottom, left, or right of the display region AA. For exam-
ple, one or more dummy pixels DP may be formed for
each pixel row in at least one region of top and bottom
of the pixel row or may be formed for each pixel column
in at least one region of left and right of the pixel column.
Although the dummy pixels DP are formed in the pixel
row of the non-display region NA below the display region
AA in FIG. 2, the dummy pixels DP may alternatively be
formed in the pixel row or column of the non-display re-
gions NA on the top, left, or right of the display region AA.
[0042] Referring to FIG. 2, the display panel 10 in-
cludes the display region AA and the non-display region
NA below the display region AA. A first to nth scanning
lines SL1 to SLn of a plurality of scanning lines SL1 to
SLn+1 are formed in the display region AA, and an
(n+1)th scanning line SLn+1, the last one, is formed in
the non-display region NA. A plurality of data lines DL1
to DLm and a plurality of repair lines RL1 to RLm are
formed for each pixel row in the display region AA and
non-display region NA. The repair line RL may be formed
to be capable of being coupled to at least one of the
plurality of emission pixels EP and at least one of the
dummy pixels DP.

[0043] In the display region AA, the plurality of emis-
sion pixels EP coupled to the first to nth scanning lines
SL1 to SLn and the plurality of data lines DL1 to DLm,
respectively, are arranged in a matrixin a plurality of rows
and columns. In the non-display region NA, the plurality
of dummy pixels DP connected to the (n+1)th scanning
line SLn+1, the last one, and the plurality of data lines
DL1 to DLm, respectively, are formed.

[0044] The control unit 40 (shown, e.g., in FIG. 1) may
control a point in time when the scanning driving unit 20
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of FIG. 1 applies the scanning signal to the dummy pixel
DP and may control the data driving unit 30 of FIG. 1 to
apply a data signal identical to a data signal applied to a
defective pixel to the dummy pixel DP when the scanning
signal is applied to the dummy pixel DP.

[0045] FIG. 3isaview illustratinga method of repairing
a defective pixel by using a repair line in the display panel
shown in FIG. 2.

[0046] Referring to FIG. 3, the emission pixel EP
formed in the display region AA may include a pixel circuit
PC coupled to the scanning line SL and data line DL and
a light emitting diode (LED) E receiving a driving current
from the pixel circuit PC and emitting light. The dummy
pixel DP formed in the non-display region NA may include
only the pixel circuit PC coupled to the scanning line SL
and data line DL without an LED E. However, the dummy
pixel DP may include an LED according to some embod-
iments. When the dummy pixel DP includes the LED, the
LED may not actually emit light and may function as a
circuit diode or other circuit element. For example, the
LED may function as a capacitor. Hereinafter, the em-
bodiments will be described with respectto embodiments
in which the dummy pixel DP includes only the pixel circuit
PC. However, the dummy pixel DP is not limited thereto.
[0047] When an emission pixel EPi coupled to a scan-
ning line SLi that is an ith of a first row is defective, an
LED E of the defective emission pixel EPi is separated
from the pixel circuit PC and is coupled to the pixel circuit
PC of the dummy pixel DP coupled to the (n+1)th scan-
ning line SLn+1 through the repair line RL. The separa-
tion between the LED E and the pixel circuit PC may be
performed by cutting or separating a conductive portion
electrically coupling the LED E and the pixel circuit PC
to electrically isolate the LED E from the pixel circuit PC.
The cutting of the conductive portion, for example, may
be performed using a laser beam emitted toward the sub-
strate or an opposite side of the substrate, but is not lim-
ited thereto.

[0048] An electrical coupling between the repair line
RL and the LED E and an electrical coupling between
the repair line RL and the dummy pixel DP may be per-
formed by a short-circuit between two conductive por-
tions caused by a destruction of an insulating portion or
by forming the conductive portions. The destruction of
the insulating portion, for example, may be performed
using the laser beam emitted toward the substrate or the
opposite side of the substrate but is not limited thereto.
[0049] In some embodiments, the emission pixels EP
each include the conductive portion. The conductive por-
tion may be coupled to the LED E of the emission pixel
EP and may be partially overlapped with the repair line
RL while arranging or forming atleast one insulating layer
therebetween. The conductive portion may be coupled
to an anode forming the LED E of the emission pixel EP.
On the other hand, the dummy pixel DP may include a
conductive portion coupled to the pixel circuit PC of the
dummy pixel DP and partially overlapped with the repair
line RL, with atleast one insulating layer located between
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the conductive portion of the dummy pixel DP and the
repair line RL. An operation of coupling the repair line RL
tothe LED E and coupling the repair line RL to the dummy
pixel DP may include electrically coupling the conductive
portion to the repair line RL. In some embodiments, the
electrically coupling the conductive portion to the repair
line RL may be performed by destructing a portion of the
insulating layer positioned between the conductive por-
tion and the repair line RL.

[0050] FIGS. 4 and 5 are waveform diagrams illustrat-
ing a scanning signal and data signal supplied to a re-
paired display panel shown in FIG. 3.

[0051] Referring to FIG. 4, the scanning driving unit 20
sequentially applies scanning signals S1 to Sn to the first
to nth scanning lines SL1 to SLn and applies a scanning
signal

[0052] Sn+1 to the (n+1)th scanning line SLn+1 con-
currently (e.g., simultaneously) with applying a scanning
signal Si to the repaired emission pixel EPi.

[0053] Also, the data driving unit 30 sequentially ap-
plies data signals D1 to Dn to the data line DL while being
synchronized with the respective scanning signals S1 to
Sn+1.Inthis case, a datasignal Diidentical to that applied
to the defective emission pixel EPi is applied to the dum-
my pixel DP at the same time. Accordingly, the LED E of
the defective emission pixel EPi may receive a current
corresponding to the data signal Di through the pixel cir-
cuit PC of the dummy pixel DP and the repair line RL.
According thereto, occurrence of a bright spot or a dim
spot of the defective emission pixel EPi may be reduced.
A method of driving signals as described above may be
applied to an embodiment, in which the defective emis-
sion pixel EPi and the dummy pixel DP coupled to the
LED E of the defective emission pixel EPi share the data
line DL and receive the same data signal.

[0054] Referring to FIG. 5, the scanning driving unit 20
sequentially applies the scanning signals S1 to Sn+1 to
the first to (n+1)th scanning lines SL1 to SLn+1. The
scanning signal Sn+1 applies an on-level to the dummy
pixel DP while providing a certain time difference from
on-level signals of the scanning signals S1 to Sn applied
to the plurality of emission pixels EP.

[0055] Also, the data driving unit 30 sequentially ap-
plies data signals D1 to Dn to the data line DL while being
synchronized with the respective scanning signals S1 to
Sn+1. In this case, the data signal Di identical to that
applied to the defective emission pixel EPi is applied to
the dummy pixel DP again. According thereto, the LED
E of the defective emission pixel EPi may receive a cur-
rent corresponding to the data signal Di through the pixel
circuit PC of the dummy pixel DP and the repair line RL.
According thereto, occurrence of a bright spot or a dim
spot of the defective emission pixel EPi may be reduced.
[0056] A method of driving signals as described above
may be applied not only to embodiments in which the
defective emission pixel EPi and the dummy pixel DP
coupled to the LED E of the defective emission pixel EPi
share the data line DL and receive the same data signal,
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but also to embodiments in which data signals are re-
ceived from different data lines DL.

[0057] Hereinafter, for convenience of description, the
embodiments will be described based on the method of
FIG. 5. However, the embodiments are not limited to the
method of FIG. 5. The method of FIG. 4 may also be
applied and various driving methods not shown in the
drawings may be applied. It may be known to a person
with ordinary skill in the art that the embodiments to be
described below in some detail may be applied while be-
ing variously modified according to a driving method.
[0058] In FIGS. 4 and 5, a width of a scanning signal
is shown as 1 horizontal time 1 H but it is possible to
apply the width of the scanning signal as two horizontal
times 2H while overlapping widths of adjacent scanning
signals, for example, a width of an (n-1)th scanning signal
Sn-1 and a width of the nth scanning signal Sn with each
other as the 1 horizontal time 1 Hor less. According there-
to, a lack of charge according to an RC delay of a signal
line caused by enlarging the display region AA may be
overcome. FIG. 6 is a flowchart schematically illustrating
a method of repairing a defective pixel according to an
embodiment of the present invention.

[0059] Referring to FIG. 6, in operation 61, after the
display panel 10 is completed, a defective pixel in the
display region AA is detected using a panel test for the
display panel 10. The panel test may include a lighting
test and an aging test. The defective pixel is an emission
pixel recognized as a bright spot or dim spot. The bright
spot or dim spot may occur due to a defect of a pixel
circuit.

[0060] A pixel of the display panel 10, viewed as the
bright spot or dim spot, may be detected by an optical
microscope of a lighting test apparatus.

[0061] In operation 62, an LED of the emission pixel
having the bright spot or dim spot, which is a defective
pixel, is separated from a pixel circuit.

[0062] In operation 63, the LED of the defective pixel
is coupled to the repair line RL and a pixel circuit of a
dummy pixel is coupled to the repair line RL, thereby
coupling the defective pixel to the dummy pixel (S23) and
determining whether the defective pixel is normalized or
not.

[0063] FIGS. 7 to 9 are views illustrating the method
of repairing the defective pixel, particularly, the opera-
tions 62 and 63 shown in FIG. 6.

[0064] The repair method shownin FIGS. 7 to 9 will be
described based on a case, in which a dummy pixel DP
is coupled to an (n+1)th scanning line SLn+1 of a plurality
of scanning lines SL1 to SLn+1 as the display panel 10
of FIG. 2. However, the embodiment is not limited thereto
but may be identically applied to a method of repairing a
display panel, in which the dummy pixel DP is coupled
to a first scanning line SLO of a plurality of scanning lines
SLO to SLn or is coupled to a first scanning line SLO and
an (n+1)th scanning SLn+1 of a plurality of scanning lines
SLO to SLn+1.

[0065] FIG.7illustrates acase, in which afirstemission
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pixel EPij and a second emission pixel EP(i+1)j of a jth
row are detected as defective. The defective emission
pixels may be caused by a defect of a pixel circuit.
[0066] Referring to FIG. 7, an emission pixel EP may
include a pixel circuit PC coupled to a scanning line SL
and data line DL and an LED E receiving a driving current
from the pixel circuit PC and emitting light. A dummy pixel
DP may include only the pixel circuit PC coupled to the
scanning line SL and data line DL without the LED E.
[0067] Referring to FIG. 7, the dummy pixel DP may
be formed at least one for each pixel row, a repair line
V.RL formed in a vertical direction (hereinafter, referred
to as a main repair line) may be formed at least one for
each pixel row, and a repair line H.RL formed in a hori-
zontal line (hereinafter, referred to as an auxiliary repair
line) may be formed at least one for each pixel column.
The auxiliary repair line H.RL may be formed to couple
at least two main repair lines V.RL and may be used for
coupling the main repair lines V.RL while repairing. The
auxiliary repair line H.RL may form an electric path from
a defective pixel in a certain row to a dummy pixel in
another row by coupling the main repair lines V.RL.
[0068] On the other hand, in some embodiments, di-
rections of the main repair line V.RL and the auxiliary
repair line H.RL may be reversed. For example, when a
non-display region NA is formed on the left or right of a
display region AA and a dummy pixel is formed in the
non-display region NA, a main repair line V.RL coupling
the dummy pixel and a defective pixel may be formed in
a horizontal direction and an auxiliary repair line H.RL
coupling different main repair lines V.RL may be formed
in a vertical direction. However, hereinafter, the embod-
iments will be described based on the directions shown
in FIG. 7.

[0069] The main repair line V.RL and the auxiliary re-
pair line H.RL may be formed on different layers while
arranging or forming at least one insulating layer there-
between. The main repair line V.RL and the auxiliary re-
pair line H.RL may be formed to intersect each other, for
example, to be perpendicular to each other. The main
repair line V.RL and the auxiliary repair line H.RL may
be electrically coupled by destructing the insulating layer
at an intersection between the main repair line V.RL and
the auxiliary repair line H.RL. In order to electrically cou-
ple the main repair line V.RL and the auxiliary repair line
H.RL, the method of coupling the conductive portion to
the repair line RL, described above, may be identically
applied.

[0070] FIG. 8 illustrates a case, in which a plurality of
emission pixels in one row are defective. For example,
there is shown a repairing method applied when a first
emission pixel EPij coupled to an ith scanning line SLi of
a jth row and a second emission pixel EP(i+1)j coupled
to an (i+1)th scanning line SLi+1 of the jth row are de-
fective. Referring to FIG. 8, an LED E of the first emission
pixel EPij is separated from a pixel circuit PC and the
separated emission diode E is coupled to a pixel circuit
PC of a dummy pixel DPj+1 of a (j+1)th column coupled
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to an (n+1)th scanning line SLn+1 through a main repair
line V.RLj, an auxiliary repair line H.RLi, and amain repair
line V.RL(j+1). For example, the LED E of the first emis-
sion pixel EPij is coupled to a first main repair line V.RLj,
the dummy pixel DPj+1 is coupled to a second main repair
line V.RLj+1, and the first main repair line V.RLj and sec-
ond main repair line V.RLj+1 are coupled to each other
using an auxiliary repair line H.RLi.

[0071] InFIG.8,itis shown thatthe dummy pixel DPj+1
ina (j+1)th row is used in order to repair the first emission
EPij. However, the embodiment is not limited thereto and
a dummy pixel in another row may be used.

[0072] An LED E of the second emission pixel EP(i+1)j
is separated from a pixel circuit PC and the separated
emission diode E is coupled to a pixel circuit PC of a
dummy pixel DPj of a jth row coupled to an (n+1)th scan-
ning line SLn+1 through a main repair line V.RLj.
[0073] According to the repairing method as described
above, not only when one defective pixel is detected in
one row, the defective pixel may be repaired using a dum-
my pixel in a corresponding row, but also when a plurality
of defective pixels are detected in one row, the plurality
of defective pixels may be repaired using corresponding
dummy pixels formed in other rows.

[0074] For this, the auxiliary repair line H.RL and the
mainrepair line V.RL may be properly used. Forexample,
in order to couple the first defective pixel EPij located in
the jth row to the dummy pixel DPj+1 located in the (j+1)th
row, the main repair line V.RLj and the main repair line
V.RLj+1 may be coupled. In order to couple the main
repair line V.RLj to the main repair line V.RLj+1, the aux-
iliary repair line H.RLi may be used. The main repair line
V.RL and the auxiliary repair line H.RL may be electrically
coupled at intersections 823 and 824. The auxiliary repair
line H.RLi, to form the electric path from the LED E of the
first emission pixel EPij in the jth row to the dummy pixel
DPj+1 in the (j+1)th row, couples the main repair line
V.RLj to the main repair line V.RLj+1.

[0075] On the other hand, the main repair line V.RLj in
the jth row is used to repair the plurality of defective pixels
EPij and EP(i+1)j in the jth row. Accordingly, in the main
repair line V.RLj, a portion of forming a path between the
first emission pixel EPij and the dummy pixel DPj+1 and
a portion of forming a path between the second emission
pixel EP(i+1)j and the dummy pixel DPj are separated
from each other, thereby allowing the respective paths
to independently transmit signals. For this, a portion out-
side the used portions of the main repair line V.RLj may
be cut off. For example, an outer portion 831 of portions
821 to 825 used for forming the path between the second
emission pixel EP(i+1)j and the dummy pixel DPj may be
cut off.

[0076] As a same reason as described above, also in
the case of the auxiliary repair line H.RLi, outer portions
832 and 833 of the portion used for forming the path
between the first emission pixel EPijand the dummy pixel
EPj+1 may be cut off. According thereto, other portions
of the auxiliary repair line H.RLi may be used to repair
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another defective pixel.

[0077] Theseparationbetweenthe LED E and the pixel
circuit PC may be performed by cutting off conductive
portions 811 and 812. The cutting off, for example, may
be performed using a laser beam emitted toward a front
side of the substrate or an opposite side of the substrate
but is not limited thereto. Connections 821 and 822 be-
tween the repair line RL and the LED E, connections 825
and 826 between the repair line RL and the dummy pixel
DP, and connections 823 and 824 may be performed by
a short-circuit between two conductive portions caused
by a destruction of an insulating portion or forming the
conductive portions. The destruction of the insulating por-
tion, for example, may be performed using the laserbeam
emitted toward a front side of the substrate or the oppo-
site side of the substrate but is not limited thereto.
[0078] FIG. 9 is a waveform diagram illustrating scan-
ning signals supplied from a scanning driving unit and
data signals supplied form a data driving unit in the dis-
play panel repaired using the methods shown in FIGS.
7 and 8.

[0079] ReferringtoFIG.9, scanningsignals S1toSn+1
are sequentially applied to first to last scanning lines SL1
to SLn+1.

[0080] While being synchronized with the scanning
signals S1 to Sn+1, data signals Dj and Dj+1 are applied
to respective data lines DLj and DLj+1. To the data line
DLj, data signals D1j to Dnj are sequentially applied while
being synchronized with the scanning signals. To the da-
ta line DLj+1, data signals D1 (j+1) to Dn(j+1) are se-
quentially applied while being synchronized with the
scanning signals.

[0081] A data signal Dij identical to that applied to a
firstemission pixel EPijis applied to a dummy pixel DPj+1
again through the data line DLj+1 while being synchro-
nized with the scanning signal Sn+1. According thereto,
an LED E of the first emission pixel EPij may receive a
current corresponding to a data signal Dij through a pixel
circuit PC of a dummy pixel DPj+1 and main repair lines
V.RLj and V.RLj+1 and an auxiliary repair line H.RLi.
[0082] A data signal D(i+1)j identical to that applied to
the second emission pixel EP(i+1)jis applied to a dummy
pixel DPj again through the data line DLj while being syn-
chronized with the scanning signal Sn+1. According
thereto, an LED E of the second emission pixel EP(i+1)j
may receive a current corresponding to a data signal
D(i+1)j through the pixel circuit PC of the dummy pixel
DPj and the main repair line V.RLj.

[0083] InFIGS.7 and 8, itis shown that the main repair
line V.RL is formed on the left of each row, the data line
DL is formed on the right of each row, and the scanning
line SL and auxiliary repair line H.RL are formed on a top
of each column. However, it is just an example for con-
venience of description and the embodiments are not
limited thereto. In FIGS. 7 and 8, the auxiliary repair line
H.RL is formed for each pixel column. However, the em-
bodiments are not limited thereto. For example, the aux-
iliary repair line H.RL may be formed at least one for each
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of some pixel columns. Otherwise, the auxiliary repair
line H.RL may be formed at least one overall the display
panel. The auxiliary repair line H.RL may be formed as
an appropriate number in appropriate positions accord-
ing to a design for wiring of the display panel. A modifi-
cation as described above will be described with refer-
ence to FIGS. 10 to 13.

[0084] FIGS. 10and 11 are views illustrating a method
of repairing a defective pixel according to embodiments
of the present invention.

[0085] InFIGS. 10and 11, for convenience of descrip-
tion, scanning lines and datalines coupled to an emission
pixel EP and dummy pixel DP are omitted and only repair
lines V.RL and H.RL are shown. However, like the meth-
od shown in FIG. 7, it may be known to those skilled in
the art that scanning lines and data lines may be coupled
to the emission pixel EP and dummy pixel DP of FIGS.
10 and 11.

[0086] ReferringtoFIG. 10, the emission pixel EP may
include a plurality of sub-emission pixels RP, GP, and
BP. Each of the sub-emission pixels emits one color, for
example, one of red, blue, green, and white. However,
the embodiments are not limited thereto and the sub-
emission pixel may emit a different color in addition to
the red, blue, green, and white.

[0087] Sub-emission pixels RPij, GPij, and BPij includ-
ed in an emission pixel EPij may receive identical scan-
ning signal Si and may receive separate data signals
from separate data lines, respectively.

[0088] According to some embodiments, the dummy
pixel DP also includes a plurality of sub-dummy pixels
RDP, GDP, and BDP. The respective sub-dummy pixels
RDP, GDP, and BDP may receive identical scanning sig-
nals Sn+1 and may receive separate data signals from
separate data lines, respectively. However, according to
a design for scanning lines, the respective sub-dummy
pixels may receive different scanning signals.

[0089] Each ofthe plurality of sub-emission pixels may
include pixel circuits having different structures. The plu-
rality of sub-dummy pixels may include pixel circuits cor-
responding to the pixel circuits of the plurality of sub-
emission pixels.

[0090] The main repair line V.RL may couple at least
one of the plurality of sub-emission pixels RP, GP, and
BP and at least one of the plurality of sub-dummy pixels
RPij, GPij, and BPij to one another. For example, the
main repair line V.RL may couple at least one of the plu-
rality of sub-emission pixels RP, GP, and BP to one of
the plurality of sub-dummy pixels RPij, GPij, and BPij,
having a pixel circuit corresponding to the at least one
sub-emission pixel. An example as described above is
shown in FIG. 11. In this case, a coupling between the
main repair lines V.RL and an auxiliary repair line H.RL
may be used.

[0091] Referring to FIG. 10, when being not used, the
auxiliary repair line H.RL may be coupled to global power.
According thereto, an error caused by a floating state
may be prevented or reduced. The global power, for ex-
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ample, may be a first power voltage ELVDD but is not
limited thereto.

[0092] FIG. 10Qillustrates a case, in which emission pix-
els RPij, GPij, and GP(i+1)j in an jth row are detected as
defective. The defectives may be caused by a defect of
a pixel circuit.

[0093] FIG. 11 illustrates a repairing method applied
when the emission pixels RPij, GPij, and GP(i+1)j in an
ith row are detected as defective. Referring to FIG. 11,
the auxiliary repair line H.RL and the main repair line
V.RL may be properly used.

[0094] Referring to FIG. 11, the emission pixel
GP(i+1)j, in which a defect occurs, is coupled to a dummy
pixel GDPj through a main repairline V.RLj. For example,
an LED E of the emission pixel GP(i+1)j is separated
from a pixel circuit PC and the separated LED E is cou-
pled to the main repair line V.RLj (121) and the dummy
pixel GDPj is coupled to the main repair line V.RLj (129).
[0095] The emission pixel GPij is coupled to a dummy
pixel GDPj-1 through main repair lines V.RLj and V.RLj-
1 and an auxiliary repair line H.RLi+1. In detail, the LED
E of the emission pixel GPij is separated from the pixel
circuit, the separated LED E is coupled to the main repair
line V.RLj (122), the main repair line V.RLj is coupled to
the main repair line V.RLj-1 by using the auxiliary repair
line H.RLi+1, and the main repair line V.RLj-1 is coupled
to the dummy pixel GDPj-1. The repair lines may be cou-
pled at intersections 124 and 125.

[0096] An emission pixel RPij is coupled to a dummy
pixel RDPj-1 through main repair lines V.RLj and V.RLj+1
and an auxiliary repair line H.RLi. In detail, an LED E of
the emission pixel RPij is separated from a pixel circuit,
the separated LED E is coupled to the main repair line
V.RLj, the main repair line V.RLj is coupled to the main
repairline V.RLj+1 by using the auxiliary repairline H.RLi,
and the main repair line V.RLj+1 is coupled to the dummy
pixel RDPj+1. The repair lines may be coupled at inter-
sections 126 and 127.

[0097] According to the repairing method as described
above, when a plurality of defective pixels are detected
in one row, the plurality of defective pixels may be re-
paired using dummy pixels formed corresponding to oth-
er rows.

[0098] Referring to FIG. 11, when a plurality of defec-
tive pixels in a jth row are repaired, a portion of the main
repair line V.RLj in the jth row is cut off. Referring to FIG.
11, the main repair line V.RLj is used for repairing the
plurality of emission pixels RPij, GPij, and GP(i+1)j. In
this case, a portion of the main repair line V.RLj is cut off
in order to separate or electrically isolate electrical paths
from one another, through which respective emission pix-
els are coupled to dummy pixels.

[0099] For example, referring to FIG. 11, the emission
pixel GP(i+1)j is coupled to a dummy pixel GDPj through
the main repair line V.RLj. Also, the main repair line V.RLj
below a connection point 121 of the emission pixel GP(i-
1)j and the main repair line V.RLj couples the emission
pixel GP(i+1)j and the dummy pixel GDPj to each other.

10

15

20

25

30

35

40

45

50

55

In this case, a portion above the connection point 121 is
cut off (112), thereby allowing an upper portion of the
main repair line V.RLj to be used for repairing other emis-
sion pixels such as GPij and RPij.

[0100] Similarly, whenrepairing the emission pixel GP-
ij, the portion above the connection point 122 is cut off
(111), thereby allowing the upper portion of the main re-
pair line V.RLj to be used for repairing another emission
pixel such as RPij.

[0101] Thatis, when the main repair line V.RLj is used
for repairing at least two defective pixels, for example, a
first defective pixel and second defective pixel, a portion
between a point, at which the main repair line V.RLj is
coupled to the first defective pixel, and a point, at which
the main repair line V.RLj is coupled to the second de-
fective pixel is cut off, thereby separating paths from one
another, in which signals are transmitted to the respective
defective pixels through the main repair line V.RLj.
[0102] Similarly, although not shown in FIG. 11, outer
portions on both sides of the portion of the auxiliary repair
line H.RLi, used for repairing, are also cut off, thereby
separating an electrical path from portions not used for
repairing. For example, a left side of a connection point
126 and/or a right side of the connection point 127 are
cut off, other portions of the auxiliary repair line H.RLi
may be allowed to be used for repairing other defective
pixels.

[0103] Referring to FIG. 11, the auxiliary repair lines
H.RLi and H.RLi+1 used for repairing are electrically iso-
lated from a power source and are not coupled to the
power source any more.

[0104] When a plurality of defective pixels occur, a de-
fective pixel and a dummy pixel may be matched with
each other by a processor including a certain algorithm.
Cutting points of the main repair line V.RL and auxiliary
repair line H.RL, a connection point between the repair
lines H.RL and V.RL, and a connection point between a
pixel and the main repair line V.RL may be determined
also by the processor including the certain algorithm.
[0105] In FIG. 11, for convenience of description on
the repairing method, shorting among an emission pixel,
adummy pixel, and arepair line is briefly illustrated. How-
ever, while repairing a defective pixel, as shown in FIG.
8, it may be known to those skilled in the art that other
repairing processes including separating, that is, cutting
off a pixel circuit and an OLED may be identically per-
formed and the described cutting off and shorting meth-
ods may be identically applied. Accordingly, although a
description related to FIG. 11 is omitted, the description
related to FIG. 8 may be identically applied.

[0106] FIGS. 12 and 13 are views illustrating a display
panel according to another embodiment of the present
invention.

[0107] In other drawings including FIGS. 10 and 11
described above, the auxiliary repair line H.RL is formed
at least one for each pixel column. Hereinafter, another
example will be described with reference to FIGS. 12 and
13.
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[0108] Referring to FIG. 12, the auxiliary repair line
H.RL may be formed at least one for each of a plurality
of pixel columns. For example, as shown in FIG. 12, at
least one auxiliary repair line H.RL may be formed for
each two pixel columns.

[0109] Referring to FIG. 13, the auxiliary repair line
H.RL may be formed at least one in the display panel.
For example, as shown in FIG. 13, dummy pixels RDP1,
RDP2, RDP3, ... may be formed for each pixel row in a
lower portion of the display panel and the auxiliary repair
line H.RL may be formed at least one in an upper portion
of the display panel. However, the embodiments are not
limited thereto, dummy pixels may be formed in the upper
portion of the display panel and the auxiliary repair line
H.RL may be formed at least one in the lower portion of
the display panel.

[0110] Referring to FIGS. 12 and 13, when a plurality
of defective pixels occur in one row, the plurality of de-
fective pixels are coupled to different dummy pixels by
using the auxiliary repair line H.RL and the main repair
line V.RL, thereby repairing the defective pixels. As
shown in FIGS. 12 and 13, it may be determined in de-
signing the wiring how to arrange the auxiliary repair line
H.RL. For example, in order to satisfy specifications of
the display panel such as aperture ratio of the display
panel and a parasitic capacitor between wirings, a design
of the auxiliary repair line H.RL may be controlled.
[0111] FIG. 14 is a circuit diagram illustrating an emis-
sion pixel EP according to an embodiment of the present
invention.

[0112] Referring to FIG. 14, the emission pixel EP in-
cludes an LED E and an emission pixel circuit PC for
supplying a current to the LED E. The LED E may be an
OLED including a first electrode, a second electrode op-
posite to the first electrode, and an emission layer be-
tween the first electrode and second electrode. The first
electrode and second electrode may be an anode and a
cathode, respectively. The emission pixel circuit PC may
include two transistors T1 and T2 and one capacitor Cst.
[0113] Inthe case of the first transistor T1, a gate elec-
trode is coupled to a scanning line, a first electrode is
coupled to a data line, and a second electrode is coupled
to a first node N1.

[0114] In the case of the second transistor T2, a gate
electrode is coupled to the first node N1, a first electrode
receives a first power voltage ELVDD from a first power
source, and a second electrode is coupled to a pixel elec-
trode of the LED E.

[0115] Inthe case of the capacitor Cst, afirst electrode
is coupled to the first node N1 and a second electrode
receives the first power voltage ELVDD from the first pow-
er source. The first transistor T1 transmits a data signal
D supplied from a data line DL to the first electrode of
the capacitor Cst when a scanning signal S is supplied
from a scanning line SL. According thereto, the capacitor
Cstisfilled with a voltage corresponding to the data signal
D and a driving current corresponding to the voltagefilling
the capacitor Cst is transferred to the LED E through the
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second transistor T2, thereby allowing the LED E to emit
light.

[0116] InFIG. 14,thereis showna2Tr-1 Cap structure,
in which two transistors and one capacitor are included
in one pixel. However, the embodiment is not limited
thereto. Accordingly, two or more thin film transistors
(TFTs) and one or more capacitors may be included in
one pixel. Additional wirings may be further formed and
existing wiring may be omitted to be formed to have var-
ious structures.

[0117] FIG. 15 is a view schematically illustrating a
method of repairing an emission pixel EP using a dummy
pixel DP according to an embodiment of the present in-
vention. Referring to FIG. 15, the emission pixel EP in-
cludes an LED E and an emission pixel circuit PC for
supplying a current to the LED E. The emission pixel EP
of FIG. 15 may be identical to the emission pixel EP of
FIG. 14. Accordingly, hereinafter, although there is an
omitted description related to the emission pixel EP, it
may be known that the contents described in relation to
the emission pixel EP of FIG. 14 in the above may be
identically applied to the emission pixel EP of FIG. 15.
[0118] The dummy pixel DP may be arranged in the
same row or column of the emission pixel EP and in-
cludes a dummy pixel circuit PC. The dummy pixel circuit
PC may be identical to or different from the emission pixel
circuit PC.

[0119] The dummy pixel circuit PC may include a first
dummy transistor DT1 coupled to a dummy scanning line
DSL and a dummy data line, a second dummy transistor
DT2 coupled between a first power voltage ELVDD and
the first dummy transistor DT1, and a dummy capacitor
DCst coupled between the first power voltage ELVDD
and the first dummy transistor DT1. FIG. 15 illustrates an
example of the dummy pixel circuit PC and the dummy
pixel circuit PC is not limited thereto but may be formed
to have various structures such as including one or more
TFTs and capacitors and omitting a capacitor.

[0120] A dummy scanning line DSL may be identical
to or separate from the scanning line SL located in the
emission pixel circuit PC. A dummy data line DDL may
be identical to or separate from the data line DL located
in the emission pixel circuit PC.

[0121] When the emission pixel circuit PC is defective,
the emission pixel circuit PC is separated from the LED
E. Also, the LED E is coupled to the dummy pixel circuit
PC in the same row or another row through a repair line
RL. Hereby, the LED E of the emission pixel EP may
receive a driving current from the dummy pixel circuit PC
and may normally emit light. Separation and coupling
between diodes may be performed by a cutting process
using a laser beam and a welding process using a laser
beam but are not limited thereto.

[0122] On the other hand, when a plurality of emission
pixel circuits PC are defective, respective LEDs E of the
defective pixels may be coupled to different dummy pixel
circuits PC.

[0123] The embodiments are not limited certain pixel
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structures described above and may be applied to vari-
ous pixels to allow light to be emitted with noloss of bright-
ness by repairing a bright spot or dim spot of a defective
pixel caused by a defect of a pixel circuit.

[0124] FIG. 16 is a view illustrating a dummy pixel DP
according to an embodiment of the present invention.
FIG. 17 is a top view illustrating a portion of the dummy
pixel DP of FIG. 16. FIG. 18 is a cross-sectional view
illustrating a portion taken along a line B-B’ shown in FIG.
17.

[0125] Referring to FIG. 16, the dummy pixel DP cou-
pled to Oth and/or (n+1)th scanning line SL and data line
DL only includes a pixel circuit PC but does not include
an LED E. The pixel circuit PC of the dummy pixel DP is
identical to a pixel circuit PC of an emission pixel EP.
However, as described above, the dummy pixel DP may
include an LED E as a circuit diode.

[0126] Referring to FIGS. 17 and 18, a power connec-
tion wiring 18 is formed above a substrate 101 and a
buffer layer 102. The power connection wiring 18, for
example, may be formed of one of amorphous silicon,
crystalline silicon, and an oxide semiconductor. The pow-
er connection wiring 18 may be formed of a material iden-
tical to an active layer forming a TFT of the pixel circuit
PC on the same layer. A firstinsulating film 103 is formed
above the power connection wiring 18, and a repair con-
nection wiring 16 is formed above the first insulating film
103.

[0127] The repair connection wiring 16 may be formed
of a material identical to one conductive electrode form-
ing the TFT of the pixel circuit PC, for example, a gate
electrode on the same layer. A second insulating film 104
is formed above the repair connection wiring 16. Above
the second insulating film 104, a short wiring 17 coupled
to the pixel circuit PC is overlapped with a portion of the
repair connection wiring 16 to be provisionally coupled
at a second short node SN2. A repair line RL is coupled
to the repair connection wiring 16 through a contact hole.
[0128] The repair line RL and a power voltage line
ELVDDL on an outer portion of the display panel 10 are
coupled to the power connection wiring 18 through the
contact hole, thereby electrically coupling the repair line
RL and power voltage line ELVDDL to each other. When
the repair line RL is used for repairing the emission pixel
EP, the power voltage line ELVDDL is separated from
the repair line RL by cutting off the power connection
wiring 18. When being not used for repairing the emission
pixel EP, therepairline RL is coupled to the power voltage
line ELVDDL in parallel.

[0129] Considering this, when designing a width of the
power voltage line ELVDDL, a width of the repair line RL
may be considered. For example, as the width of the
repair line RL, an existing width of the power voltage line
ELVDDL may be reduced. An aperture ratio of a display
panel may be increased and a parasitic capacitor may
be reduced by reducing a width of wiring.

[0130] The repair line RL, the short wiring 17, and the
power voltage line ELVDDL may be formed of a material
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identical to one conductive electrode forming the TFT of
the pixel circuit PC, for example, a source electrode and
drain electrode on the same layer. A third insulating film
105 and fourth insulating film 106 are sequentially formed
above the repair line RL, the short wiring 17, and the
power voltage line ELVDDL.

[0131] FIG. 19 is a cross-sectional view illustrating a
repair of an emission pixel EP in the organic light emitting
display apparatus according to an embodiment of the
present invention. FIG. 20 is a cross-sectional view illus-
trating a connection of a dummy pixel in the organic light
emitting display apparatus according to an embodiment
of the present invention.

[0132] InFIGS. 19 and 20, for convenience of descrip-
tion, among pixel circuits of the emission pixel EP and a
dummy pixel DP, only TFTs coupled to repair lines RL
are shown. The embodiment shown in FIGS. 19 and 20
relates to a case of repairing after testing a vision (e.g.,
the display quality) of a display panel.

[0133] Referring to FIGS. 19 and 20, an active layer
21 of the TFT of the emission pixel EP and an active layer
51 of a TFT of the dummy pixel DP are formed above a
substrate 111. Although not shown in the drawings, on
atop surface of the substrate 111, an auxiliary layer such
as a barrier layer, a blocking layer, and/or a buffer layer
may be provided to prevent or reduce dispersion of ions
of impurities and water or air penetration and to planarize
the surface.

[0134] The active layers 21 and 51 may include a sem-
iconductor and may include ionic impurities by doping.
Also, the active layers 21 and 51 may be formed of an
oxide semiconductor. The active layers 21 and 51 may
include source and drain regions and channel regions,
respectively. Above the substrate 111 formed with the
active layers 21 and 51, a gate insulating film Gl is formed.
[0135] Above the gate insulating film Gl, a gate elec-
trode 24 of the emission pixel EP and a gate electrode
54 of the dummy pixel DP are formed. The gate elec-
trodes 24 and 54 are formed to correspond to the channel
regions of the active layers 21 and 51. The gate elec-
trodes 24 and 54 are formed by sequentially depositing
and then etching a first conductive layer and second con-
ductive layer above the gate insulating film GI. The gate
electrode 54 may include first gate electrodes 22 and 52
formed of a portion of the first conductive layer and sec-
ond gate electrodes 23 and 53 formed of a portion of the
second conductive layer.

[0136] Also, above the gate insulating film Gl, a pixel
electrode 31 and a first connecting element 41 of the
emission pixel EP are formed and a second connecting
element 61 of the dummy pixel DP is formed. The pixel
electrode 31 is formed of a portion of the first conductive
layer exposed by removing a portion of the second con-
ductive layer. The first connecting element 41 may be an
extending portion extended from the pixel electrode 31
and may include portions of the first conductive layer and
second conductive layer. The second connecting ele-
ment 61 may include a first layer 62 formed of a portion
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of the first conductive layer and a second layer 63 formed
of a portion of the second conductive layer. Above the
substrate 111 formed with the gate electrodes 24 and 54
and the first and second connecting elements 41 and 61,
an interlayer insulating film ILD is formed.

[0137] Source/drain electrodes 25/26 and 55/56 in
contact with the source and drain regions of the active
layers 21 and 51 through the contact hole are formed
above the interlayer insulating film ILD. Also, above the
interlayer insulating film ILD, the repair line RL is formed
to be atleast partially overlapped with the first and second
connecting elements 41 and 61. A pixel defining film PDL
is formed above the substrate 111 formed with the
source/drain electrodes 25/26 and 55/56 and the repair
line RL.

[0138] After the vision test, in an emission pixel EP
detected as a defective pixel, a cutting portion 130 cou-
pling one of the source/drain electrodes 25 and 26 cou-
pled to the pixel electrode 31 is cut off, thereby electrically
separating the TFT of the emission pixel EP from the
pixel electrode 31. Accordingly, a pixel circuit of a defec-
tive emission pixel and the pixel electrode 31 are electri-
cally separated from each other. On the other hand, in
order to cut off the cutting portion 130, a laser beam may
be emitted. However a method of cutting off the cutting
portion 130 is not limited thereto.

[0139] In the case of a first connecting portion 140a of
the emission pixel EP, shorting may be performed by
destructing an insulating film. According thereto, an in-
sulating film between the repair line RL and the first con-
necting element 41 is destructed and the repair line RL
and the first connecting element 41 are electrically cou-
pled to each other. Also, shorting is performed on a sec-
ond connecting portion 140b of the dummy pixel DP. Ac-
cording thereto, an insulating film between the repair line
RL and the second connecting element 61 is destructed
andthe repair line RL and the second connecting element
61 are electrically coupled to each other. On the other
hand, in order to perform the shorting of the connecting
portions 140a and 140b, laser welding may be performed
by emitting a laser beam but a method of performing the
shorting is not limited to the laser welding.

[0140] On the other hand, in FIGS. 19 and 20, when
the cutting and shorting are performed by emitting laser
beams, the laser beams may be emitted from a top or
bottom of the substrate 111.

[0141] It is considered an advantageous exemplary
embodiment where an organic light emitting display ap-
paratus comprises emission pixels arranged in a matrix
of rows and columns, dummy pixels and repair lines. The
emission pixels each comprise a light emitting diode and
at least one of the emission pixels is coupled to at least
one of the dummy pixels through at least two of the repair
lines and at least one auxiliary repair line coupling the at
least two repair lines. Particularly a number of two or
more emission pixels in a same row or in a same column
may be coupled to a respective number of different dum-
my pixels by a respective number of different repair lines
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wherein one of the different repair lines is segmented in
a respective number of segments, each-but-one seg-
ment being connected to a different one of the different
dummy pixels through a different auxiliary repair line con-
necting the respective segment with a different one of
the remaining different repair lines.

[0142] Before the vision test, an organic film including
an emission layer and an opposite electrode are sequen-
tially formed above the pixel electrode 31. When the or-
ganic film emits lights of red, green, and blue, respec-
tively, the emission layer may be patterned into a red
emission layer, a green emission layer, and a blue emis-
sion layer, respectively. On the other hand, when the
organic film emits white light, the emission layer, to emit
the white light, may have a multilayer structure, in which
the red emission layer, green emission layer, and blue
emission layer are deposited, or may have a single layer
structure including a red emission material, green emis-
sion material, and blue emission material. The opposite
electrode may be deposited on the entire surface of the
substrate 111 and may be formed as a common elec-
trode. In the embodiment, the pixel electrode 31 is used
as an anode and the opposite electrode is used as a
cathode. However, a polarity of an electrode may be ap-
plied reversely.

[0143] In the drawings and embodiments described
above, a pixel circuitis formed as a P-channel metal oxide
semiconductor (PMOS) transistor, in which a signal hav-
ing a low level is an enable signal and a signal having a
high level is a disable signal. However, the pixel circuit
may be formed as an N-channel metal oxide semicon-
ductor (NMOS) transistor, in which applied signals are
reversed, thereby applying the driving method of the em-
bodiment. In this case, the signal having the high level
becomes an enable signal and the signal having the low
level becomes the disable signal.

[0144] According to the embodiments described
above, when a pixel circuit is defective, the defective pixel
is repaired using a repair line, thereby improving a man-
ufacturing yield of a display apparatus.

[0145] According to the embodiments described
above, a defect of an emission pixel is repaired using a
dummy pixel, thereby allowing the defective pixel to emit
light at a normal point in time without changing a bright
spot into a dim spot.

[0146] According to the embodiments described
above, when only one main repair line is formed for each
row, a plurality of defective pixels in one row may be
repaired using an auxiliary repair line formed in a column
direction. Because an area occupied by wirings increas-
es in a display panel as a larger number of repair lines
are formed, a limitation may be present in an aperture
ratio or stability. However, according to some embodi-
ments, because a defective pixel is repaired using a min-
imum repair line, a plurality of defective pixels may be
effectively repaired while providing an aperture ratio and
stability.

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

[0148] While one or more embodiments of the present
invention have been described with reference to the fig-
ures, 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 scope of the present
invention as defined by the following claims.

Claims

1. An organic light emitting display apparatus (100)
comprising:

a plurality of emission pixels (EPij, EPi+1,j) ar-
ranged in a matrix of a plurality of rows and a
plurality of columns, wherein the emission pixels
(EPij, EPi+1,j) each comprise a light emitting di-
ode (LED)(E);

a plurality of dummy pixels (DPj, DPj+1);

a plurality of repair lines (V.RLj, V.RLj+1),
wherein at least one (EPij) of the plurality of
emission pixels (EPij, EPi+1,j) is coupled to at
least one ofthe plurality of dummy pixels (DPj+1)
through one of the repair lines (RLj, RLj+1); and
atleast one auxiliary repair line (H.RLi) coupling
at least two of the plurality of repair lines (V.RLj,
V.RLj+1).

2. The apparatus of claim 1, wherein each row or col-
umn comprises at least one of the repair lines (V.RLj,
V.RLj+1), wherein each row or column comprises at
least one of the auxiliary repair lines (H.RLi,
V.RLi+1), and
wherein the at least one (V.RLj) of the repair lines
and the at least one (H.RLi) of the auxiliary repairs
line are formed on different layers and overlap,
wherein the organic light emitting display apparatus
(100) further comprises at least one insulating layer
between the at least one (V.RLj) of the repair lines
and the at least one (H.RLi) of the auxiliary repair
lines.

3. The apparatus of claim 2, wherein the repair lines
(V.RLj, V.RLj+1) and auxiliary repair lines (H.RLi,
H.RLi+1) are perpendicular to each other.

4. The apparatus of claim 1, wherein each row com-
prises a repair line of the repair lines, and
a column of the columns comprises an auxiliary re-
pair line of the auxiliary repair lines.

5. The apparatus of one of the preceding claims,
wherein the emission pixels (EPij) are in a display
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region (AA) and the dummy pixels (DPj) are in a non-
display region (NA), wherein the non-display region
(NA) is in at least one of a top, a bottom, a left, or a
right of the display region (AA).

The apparatus of one of the preceding claims,
wherein the auxiliary repair lines (H.RLi, H.RLi+1)
are in at least one of an upper portion or a lower
portion of a display region (AA).

The apparatus of one of the preceding claims,
wherein each of the emission pixels (EP) comprise
a plurality of sub-emission pixels (RP, GP, BP),
wherein each of the dummy pixels (DP) comprise a
plurality of sub-dummy pixel (RDP, GDP, BDP), and
wherein one or more of the repair lines (V.RL) cou-
ples the sub-emission pixels (RP, GP, BP) to the
sub-dummy pixels (RDP, GDP, BDP), wherein the
sub-emission pixels (RP, GP, BP) in each of the
emission pixels (EP) emit different colors of light, re-
spectively, and a pixel circuit (PC) of each of the sub-
dummy pixels (RDP, GDP, BDP) corresponds to an
emission pixel circuit (PC) of each of the sub-emis-
sion pixels (RP, GP, BP), and

wherein the one or more of the repair lines (RL) cou-
ples at least one of the plurality of sub-emission pix-
els (RP, GP, BP) to one of the plurality of sub-dummy
pixels (RDP, GDP, BDP), corresponding to the sub-
emission pixel (RP, GP, BP).

The apparatus of one of the preceding claims, further
comprising a dummy scanning line (SLn+1) coupled
to one of the dummy pixels (DPj, DPj+1), wherein
the dummy scanning line (SLn+1) is configured to
supply a scanning signal to the one of the dummy
pixels (DPj, DPj+1),

wherein the emission pixels (EPij) are each coupled
to a respective scanning line (SLj) and a respective
data line (DLi),

wherein the one of the dummy pixels (DPj) is coupled
to the dummy scanning line (SLn+1) and the respec-
tive data line (DLj), and

wherein the dummy pixels (DPj, DPj+1) and the re-
pair lines (RLj, RLj+1) are formed at least one for
each row.

The apparatus of one of the preceding claims,
wherein each of the emission pixels (EP) further
comprise an emission pixel circuit (PC) coupled to
the LED (E),

wherein each of the dummy pixels (DP) comprise a
dummy pixel circuit (PC), and

wherein one of the repair lines (V.RLj) couples the
LED (E) of one (EPij) of the emission pixels, in which
the emission pixel circuit (PC) and the LED (E) are
separated from each other, to the dummy pixel circuit
(PC) of one of the dummy pixels (DPj).
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The apparatus of claim 9, wherein the LED of the
emission pixels comprises an anode, a cathode, an
emission layer between the anode and cathode, and
wherein a wiring (811, 812) of the emission pixel cir-
cuit (PC) coupled to the anode of the LED (E) is bro-
ken in an emission pixel (EPij) of the emission pixels
thatis coupled to a repair line (RLj) of the repair lines.

The apparatus of one of the preceding claims, further
comprising at least one insulating layer between a
first conductive portion in contact with an anode of
the LED (E) of the emission pixels (EP) and a cor-
responding one of the repair lines (V.RL), and be-
tween a second conductive portion in contact with a
dummy pixel circuit (PC) of the dummy pixel (DP)
and the corresponding one of the repair lines (V.RL),
wherein the first conductive portion of the at least
one emission pixel (EP) is electrically coupled to the
corresponding one of the repair lines (V.RL), and the
second conductive portion of the at least one dummy
pixel (DP)is electrically coupled to the corresponding
one of the repair lines (V.RL).

A method of repairing an organic light emitting dis-
play apparatus (100), the organic light emitting dis-
play apparatus (100) comprising:

a plurality of emission pixels (EP) arranged in a
matrix of rows and columns, wherein each of the
emission pixels (EP) comprises an LED (E);

a plurality of dummy pixels (DP);

a plurality of repair lines (V.RL) coupling at least
one of the emission pixels (EP) to at least one
of the plurality of dummy pixels (DP); and atleast
one auxiliary repair line (H.RL) coupling at least
two of the plurality of repair lines (V.RL), the
method comprising:

electrically isolating (62) the LED (E) of a
first defective pixel and of a second defec-
tive pixel located in a first row from an emis-
sion pixel circuit of the first defective pixel
and an emission pixel circuit (PC) of the sec-
ond defective pixel, respectively;
electrically coupling (61) a first repair line
corresponding to the first row to the LED of
the first defective pixel;

electrically coupling (61) a second repair
line corresponding to a second row to the
LED of the second defective pixel;
electrically coupling a first dummy pixel cir-
cuit (PC) of a first dummy pixel (DP) to the
firstrepair line for enabling a first data signal
to be applied to the first defective pixel and
to the first dummy pixel, thereby supplying
a first driving current corresponding to the
first data signal to the LED of the first de-
fective pixel through the first repair line; and

10

15

20

25

30

35

40

45

50

55

14

EP 2 876 683 A2

13.

14.

15.

26

electrically coupling a second dummy pixel
circuit of a second dummy pixel to the sec-
ond repair line for enabling a second data
signal to be applied to the second defective
pixel and the second dummy pixel, thereby
supplying a second driving current corre-
sponding to the second data signal to the
LED of the second defective pixel through
the second repair line.

The method of claim 12, wherein the electrical cou-
pling of the LED of the second defective pixel com-
prises:

electrically coupling the first repair line to the
LED of the second defective pixel; and
electrically coupling the first repair line to the
second repair line using the atleast one auxiliary
repair line.

The method of claim 13, further comprising:

electrically isolating a portion of the first repair
line, between a position in which the first repair
line is coupled to the first defective pixel and a
position in which the first repair line is coupled
to the second defective pixel; and

electrically isolating at least one of both outer
sides of a portion in the auxiliary repair line used
for the first repair line and second repair line.

The method of claim 12 or 13, wherein each emission
pixel of the emission pixels comprise a conductive
portion coupled to the each emission pixel and over-
lapped with a corresponding one of the repair lines,
wherein at least one insulating layer is between the
conductive portion and the corresponding one of the
repair lines,

wherein the conductive portion of the each emission
pixel is connected to an anode of the LED ofthe each
emission pixel, and

wherein electrically coupling the first repair line to
the LED of the first defective pixel further comprises
electrically coupling a conductive portion of the first
defective pixel to the first repair line, wherein the
electrically coupling of the conductive portion of the
first defective pixel to the first repair line further com-
prises destructing a portion of the insulating layer
between the conductive portion of the first defective
pixel and the first repair line.
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