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(57) ABSTRACT

An organic light emitting display device includes: data lines
and auxiliary data lines, scan lines and light emission control
lines crossing the data lines and the auxiliary data lines, a
display area including display pixels formed at crossing
regions of the data lines, the scan lines, and the light
emission control lines, a non-display area including auxil-
iary pixels formed at crossing regions of the auxiliary data
lines, the scan lines, and the light emission control lines, and
auxiliary lines connected to the auxiliary pixels. Each of the
auxiliary pixels may include: an auxiliary pixel driver con-
figured to supply a driving current to a corresponding one of
the auxiliary lines, and an auxiliary transistor connected to
the corresponding one of the auxiliary lines and to a first
power voltage line, configured to transmit a first power
voltage from the first power voltage line, in response to a
control signal.
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ORGANIC LIGHT EMITTING DISPLAY
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of
Korean Patent Application No. 10-2014-0136617, filed on
Oct. 10, 2014, in the Korean Intellectual Property Office, the
content of which is incorporated herein by reference in its
entirety.

BACKGROUND

1. Field

Embodiments of the present invention relate to an organic
light emitting display device.

2. Description of the Related Art

With the development of information technology, a
demand for various forms of display devices which display
images has been increasing. Recently, various types of flat
panel displays such as liquid crystal displays, plasma display
panels, or organic light emitting display devices, have been
in use.

An organic light emitting display device, among these flat
panel displays, includes a display panel, a data driver and a
scan driver. The display panel includes data lines, scan lines
and a plurality of pixels arranged in a matrix format at
crossing regions between the data lines and the scan lines.
The data driver supplies data voltages to the data lines. The
scan driver supplies scan signals to the scan lines. In
addition, the display panel may further include a power
supply providing a plurality of power voltages. Each of the
pixels emits light with predetermined brightness by using a
plurality of transistors according to the amount of current
flowing from a first power voltage, among the plurality of
power voltages, to an organic light emitting diode in
response to a data voltage supplied through the data line
when the scan signal is provided.

However, a defect may occur in the transistors of the
pixels during a manufacturing process of the organic light
emitting display device. This defect may cause a decrease in
yield of organic light emitting display devices. To avoid the
decrease in yield, Korean Patent Registration No.
10-0666639 discloses a repair method of repairing a defec-
tive pixel by forming auxiliary pixels in an organic light
emitting display device and connecting the defective pixel to
one of the auxiliary pixels.

According to the above-described repair method, transis-
tors of the defective pixel are disconnected from the organic
light emitting display device, and transistors of the auxiliary
pixel are connected to an anode electrode of the organic light
emitting diode of the defective pixel by using an auxiliary
line. As a result, the organic light emitting diode of the
defective pixel may emit light by driving the transistors of
the auxiliary pixel.

However, parasitic capacitances may be formed between
the auxiliary line and anode electrodes of organic light
emitting diodes, and fringe capacitance may be formed
between the auxiliary line and a neighboring scan line.
Therefore, a voltage of the auxiliary line may be changed
due to the parasitic capacitances and the fringe capacitance.
As a result, an organic light emitting diode of the repaired
pixel may emit light in error.

SUMMARY

Aspects of one or more embodiments of the present
invention are directed toward an organic light emitting
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display device capable of preventing (or protecting) an
organic light emitting diode of a repaired pixel from emitting
light in error.

An exemplary embodiment of the present invention pro-
vides an organic light emitting display device, including:
data lines and auxiliary data lines, scan lines and light
emission control lines crossing the data lines and the aux-
iliary data lines, a display area including display pixels
formed at crossing regions of the data lines, the scan lines,
and the light emission control lines, a non-display area
including auxiliary pixels formed at crossing regions of the
auxiliary data lines, the scan lines, and the light emission
control lines, and auxiliary lines connected to the auxiliary
pixels; each of the auxiliary pixels may include: an auxiliary
pixel driver configured to supply a driving current to a
corresponding one of the auxiliary lines, and an A transistor
(or auxiliary transistor) connected to the corresponding one
of the auxiliary lines and a first power voltage line, the
auxiliary transistor being configured to transmit a first power
voltage from the first power voltage line, in response to a
control signal.

The corresponding one of the auxiliary lines may be
connected to an auxiliary pixel from among the auxiliary
pixels in a p” row and cross display pixels in the p” row
from among the display pixels, where p is a positive integer.

The corresponding one of the auxiliary lines may be
connected to one of the display pixels in the p” row.

The auxiliary pixel in the p” row and the display pixels in
the p™ row may be connected to a k-1” scan line and a k™
scan line from among the scan lines, and a k™ light emission
control line from among the light emission control lines,
where k is a positive integer of 2 or more.

A control electrode of the auxiliary transistor may be
connected to a pull-down control node of a light emission
stage connected to a k+o” light emission control line from
among the light emission control lines, where a is a positive
integer.

The auxiliary pixel in the p* row further may include an
inverter connected to a k+o™ light emission control line
from among the light emission control lines and a control
electrode of the auxiliary transistor, configured to invert a
light emission control signal supplied to the k+o™ light
emission control line, and to supply an inverted light emis-
sion control signal to the control electrode of the auxiliary
transistor.

The auxiliary pixel in the p” row may include: a B
transistor (an auxiliary control transistor) connected to a
control electrode of the auxiliary transistor and a gate-off
voltage line connected to a gate-off voltage supply, and a
resistor connected to the control electrode of the auxiliary
transistor and a gate-on voltage line connected to a gate-on
voltage is supply, and a control electrode of the auxiliary
control transistor is connected to a k+o™ light emission
control line from among the light emission control lines.

The organic light emitting display device may further
include: a scan driver configured to supply scan signals to
the scan lines, a light emission driver configured to supply
light emission control signals to the light emission control
lines, a first data driver configured to supply data voltages to
the data lines, and a second data driver configured to supply
auxiliary data voltages to the auxiliary data lines, wherein
the second data driver is configured to supply one of the
auxiliary data voltages to the auxiliary pixel in the p” row
in synchronization with data voltages supplied to the display
pixels in the p” row.

The second data driver may include: an auxiliary data
calculation unit configured to calculate digital video data
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corresponding to a coordinate value of a repaired pixel, from
among the display pixels, as auxiliary data, a memory
configured to store the auxiliary data and configured to
update the stored auxiliary data with initialization data at
each predetermined period, and an auxiliary data voltage
conversion unit configured to: receive the auxiliary data or
the initialization data from the memory, convert the auxiliary
data or the initialization data into auxiliary data voltages,
and output the auxiliary data voltages.

The auxiliary pixel driver of an auxiliary pixel from
among the auxiliary pixels may include: a first transistor
configured to control the driving current of the auxiliary
pixel driver in response to a voltage of a control electrode
thereof, a second transistor connected to one of the auxiliary
data lines and a first electrode of the first transistor, a third
transistor connected to the control electrode of the first
transistor and a second electrode of the first transistor, a
fourth transistor connected to the control electrode of the
first transistor and a second power voltage line connected to
a second power voltage supply, a fifth transistor connected
to the first electrode of the first transistor and a third power
voltage line connected to a third power voltage supply, a
sixth transistor connected to the second electrode of the first
transistor and the corresponding one of the auxiliary lines, a
seventh transistor connected to the corresponding one of the
auxiliary lines and the third power voltage line, and a storage
capacitor connected to the control electrode of the first
transistor and to the third power voltage line, wherein
control electrodes of the second and third transistors are
connected to the k” scan line, control electrodes of the
fourth and seventh transistors are connected to the k-1
scan line, and control electrodes of the fifth and sixth
transistors are connected to the k™ light emission control
line.

The corresponding one of the auxiliary lines may be
connected to an auxiliary pixel in a p+p” row from among
the auxiliary pixels and cross display pixels in a p™ row from
among the display pixels, wherein p and [ are positive
integers.

The corresponding one of the auxiliary lines may be
connected to a display pixel from among the display pixels
in the p™ row.

The display pixels in the p™ row may be connected to a
k-1” scan line from among the scan lines, a k” scan line
from among the scan lines, and a k” light emission control
line from among the light emission control lines, where k is
a positive integer of 2 or more, and the auxiliary pixel in the
p+f™ row may be connected to a k+f-1? scan line from
among the scan lines, a k+p” scan line from among the scan
lines, and a k+f light emission control line from among the
light emission control lines.

A control electrode of the auxiliary transistor may be
connected to a k+B™ scan line from among the scan lines.

The organic light emitting display device may further
include: a scan driver configured to supply scan signals to
the scan lines, a light emission driver configured to supply
light emission control signals to the light emission control
lines, a first data driver configured to supply data voltages to
the data lines, and a second data driver configured to supply
auxiliary data voltages to the auxiliary data lines, wherein
the second data driver is configured to supply the auxiliary
data voltages to the auxiliary pixel in a k” row from among
the auxiliary pixels in synchronization with the data voltages
supplied to display pixels in a k+* row from among the
display pixels.

The second data driver may include: an auxiliary data
calculation unit configured to calculate digital video data
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corresponding to a coordinate value of a repaired pixel, from
among the display pixels, as auxiliary data, a memory
configured to store the auxiliary data and configured to
update the stored auxiliary data with initialization data at
each predetermined period, and an auxiliary data voltage
conversion unit configured to: receive the auxiliary data or
the initialization data from the memory, convert the auxiliary
data or the initialization data into an auxiliary data voltage,
and output the auxiliary data voltage by delaying the aux-
iliary data voltage by P times a horizontal period.

The auxiliary pixel driver may include: a first transistor
configured to control the driving current of the auxiliary
pixel driver in response to a voltage of a control electrode
thereof, a second transistor connected to one of the auxiliary
data lines and to a first electrode of the first transistor, a third
transistor connected to the control electrode of the first
transistor and to a second electrode of the first transistor, a
fourth transistor connected to the control electrode of the
first transistor and to a second power voltage line connected
to a second power voltage supply, a fifth transistor connected
to the first electrode of the first transistor and a third power
voltage line connected to a third power voltage supply, a
sixth transistor connected to the second electrode of the first
transistor and to the corresponding one of the auxiliary lines,
a seventh transistor connected to the corresponding one of
the auxiliary lines and the second power voltage line, and a
storage capacitor connected to the control electrode of the
first transistor and to the third power voltage line, wherein
control electrodes of the second and third transistors are
connected to the k+f” scan line from among the scan lines,
control electrodes of the fourth and seventh transistors are
connected to the k+p-1” scan line from among the scan
lines, and control electrodes of the fifth and sixth transistors
are connected to the k+f” light emission control line from
among the light emission control lines.

The auxiliary pixel driver may include: a first transistor
configured to control the driving current of the auxiliary
pixel driver in response to a voltage of a control electrode
thereof, a second transistor connected to one of the auxiliary
data lines and to a first electrode of the first transistor, a third
transistor connected to the control electrode of the first
transistor and to a second electrode of the first transistor, a
fourth transistor connected to the control electrode of the
first transistor and to the first power voltage line, a fifth
transistor connected to the first electrode of the first tran-
sistor and to a third power voltage line connected to a third
power voltage supply, a sixth transistor connected to the
second electrode of the first transistor and to the correspond-
ing one of the auxiliary lines, and a storage capacitor
connected to the control electrode of the first transistor and
to the third power voltage line, wherein control electrodes of
the second and third transistors are connected to the k+p”
scan line from among the scan lines, a control electrode of
the fourth transistor is connected to the k+B-17 scan line
from among the scan lines, and control electrodes of the fifth
and sixth transistors are connected to the k+p? light emis-
sion control line from among the light emission control
lines.

Each of the display pixels may include: an organic light
emitting diode, and a display pixel driver including a plu-
rality of transistors and configured to supply a display pixel
driving current to the organic light emitting diode, wherein
the display pixel driver may include: a first transistor con-
trolling the display pixel driving current in response to a
voltage of a control electrode thereof, a second transistor
connected to one of the data lines and to a first electrode of
the first transistor; a third transistor connected to the control
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electrode of the first transistor and to a second electrode of
the first transistor, a fourth transistor connected to the control
electrode of the first transistor and a second power voltage
line connected to a second power voltage supply, a fifth
transistor connected to the first electrode of the first tran-
sistor and to a third power voltage line connected to a third
power voltage supply, a sixth transistor connected to the
second electrode of the first transistor and to an anode
electrode of the organic light emitting diode, a seventh
transistor connected to the anode electrode of the organic
light emitting diode and to the second power voltage line,
and a storage capacitor connected to the control electrode of
the first transistor and to the third power voltage line.

The organic light emitting display device may be config-
ured to supply the first power voltage as a voltage with a
triangle wave for one frame period.

BRIEF DESCRIPTION OF THE DRAWINGS

Example embodiments will now be described more fully
hereinafter as illustrated in the accompanying drawings;
however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey the scope of the example embodiments to those
skilled in the art.

In the drawing figures, dimensions may be exaggerated
for clarity of illustration. It will be understood that when an
element is referred to as being “between” two elements, it
can be the only element between the two elements, or one or
more intervening elements may also be present. It will be
understood that when an element is referred to as being
“on”, “connected to”, “coupled to”, or “adjacent to” another
element, it may be directly on, connected to, coupled to, or
adjacent to the other element, or one or more intervening
elements may be present. When an element is referred to as
being “directly on”, “directly connected to”, “directly
coupled to”, or “immediately adjacent to” another element,
there are no intervening elements present. Like reference
numerals refer to like elements throughout.

FIG. 1 is a diagram illustrating an organic light emitting
display device according to an exemplary embodiment of
the present invention.

FIG. 2 is a detailed block diagram illustrating display
pixels, auxiliary pixels, auxiliary lines, auxiliary data lines,
and a second data driver according to an exemplary embodi-
ment of the present invention.

FIG. 3 is a flowchart illustrating a driving method of the
second data driver of FIG. 2.

FIGS. 4A and 4B are diagrams illustrating data voltages
output from a first data driver of FIG. 2 and auxiliary data
voltages output from an auxiliary data voltage conversion
unit of a second data driver of FIG. 2.

FIG. 5 is a detailed circuit diagram of display pixels and
an auxiliary pixel according to an exemplary embodiment of
the present invention.

FIG. 6 is a circuit diagram illustrating an example of a
k+a.™ light emission stage of a scan driver outputting a k+o.™
light emission control signal of FIG. 5.

FIG. 7 is a waveform diagram of signals provided to
display pixels and an auxiliary pixel shown in FIG. 5, a
voltage of a control electrode of an A transistor (or auxiliary
transistor), and a voltage of an auxiliary line.

FIG. 8 1s a detailed circuit diagram illustrating display
pixels and an auxiliary pixel according to another exemplary
embodiment of the present invention.
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FIG. 9 is a waveform diagram of signals provided to
display pixels and an auxiliary pixel shown in FIG. 8, a
voltage of the control electrode of the discharge transistor,
and a voltage of the auxiliary line.

FIG. 10 is a detailed circuit diagram illustrating display
pixels and an auxiliary pixel according to another exemplary
embodiment of the present invention.

FIG. 11 is a detailed block diagram illustrating display
pixels, auxiliary pixels, auxiliary lines, auxiliary data lines
and a second data driver according to another exemplary
embodiment of the present invention.

FIGS. 12A and 12B are exemplary views illustrating data
voltages output from a first data driver of FIG. 11 and
auxiliary data voltages output from an auxiliary data voltage
conversion unit of a second data driver shown in FIG. 11.

FIG. 13 is a detailed circuit diagram of display pixels and
an auxiliary pixel according to another exemplary embodi-
ment of the present invention.

FIG. 14 is a waveform diagram of signals supplied to
display pixels and an auxiliary pixel shown in FIG. 13, a
voltage of the control electrode of a discharge transistor, and
a voltage of an auxiliary line.

FIG. 15 is a detailed circuit diagram of display pixels and
an auxiliary pixel according to another exemplary embodi-
ment of the present invention.

FIG. 16 1s a waveform diagram of signals supplied to
display pixels and an auxiliary pixel of FIG. 15, a voltage of
the control electrode of the discharge transistor, and a
voltage of the auxiliary line.

FIG. 17 is a waveform diagram of a first power voltage
supplied to a first power voltage line, a fourth power voltage
supplied to a fourth power voltage line, and a vertical
synchronization signal.

FIG. 18 is a flowchart illustrating a method of supplying
a first power voltage according to an exemplary embodiment
of the present invention.

FIG. 19 is an exemplary view illustrating a first power
voltage of first and second triangle waves.

DETAILED DESCRIPTION

Example embodiments will now be described more fully
hereinafter with reference to the accompanying drawings.
Like reference numerals refer to like elements throughout. In
the following description, when the detailed description of
the relevant known function or configuration is determined
to unnecessarily obscure the important point of embodi-
ments of the present invention, the detailed description is not
provided. It is to be noted that names of constituent elements
used in the following description are simply selected by
considering the ease of writing this specification, but may be
different from those of components of actual products. As
used herein, the terms “use”, “using”, and “used” may be
considered synonymous with the terms “utilize”, “utilizing”,
and “utilized”, respectively. Further, the use of “may” when
describing embodiments of the inventive concept refers to
“one or more embodiments of the present invention”. Also,
the term “exemplary” is intended to refer to an example or
illustration.

FIG. 1 is a block diagram illustrating an organic light
emitting display device according to an exemplary embodi-
ment of the present invention. Referring to FIG. 1, an
organic light emitting display device according to an exem-
plary embodiment of the present invention includes a dis-
play panel 10, a scan driver 20, a first data driver 30, a
second data driver 40, a timing controller 50 and a power
supply 60.
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Data lines D1 to Dm, where m is a positive integer of 2
or more, auxiliary data lines RD1 and RD2, scan lines S1 to
Sn+1, where n is a positive integer of 2 or more, and light
emission control lines E1 to En are formed in the display
panel 10. The data lines D1 to Dm and the auxiliary data
lines RD1 and RD2 may be formed in parallel with each
other. The auxiliary data lines RD1 and RD2 may be formed
at both sides outside of the data lines D1 to Dm. For
example, as shown in FIG. 2, the first auxiliary data line
RD1 may be formed at one side outside of the data lines D1
to Dm, and the second auxiliary data line RD2 may be
formed at the other side outside of the data lines D1 to Dm.
The data lines D1 to Dm and the scan lines S1 to Sn+1 may
cross each other. The auxiliary data lines RD1 and RD2 and
the scan lines S1 to Sn+1 may cross each other. The scan
lines S1 to Sn+1 and the light emission control lines E1 to
En may be formed in parallel with one another.

The display panel 10 includes a display area DA and a
non-display area NDA. Display pixels DP for displaying an
image are formed in the display area DA. The non-display
area NDA refers to the entire area of the display panel 10,
except the display area DA. The non-display area NDA may
include first and second auxiliary pixel regions RPA1 and
RPA2 in which auxiliary pixels RP are formed to repair the
display pixels DP. The auxiliary pixels RP which are con-
nected to a first auxiliary data line RD1 may be formed in the
first auxiliary pixel area RPA1. The auxiliary pixels RP
which are connected to a second auxiliary data line RD2
may be formed in the second auxiliary pixel area RPA2.

In the display area DA, the display pixels DP may be
arranged in a matrix format at crossing regions between the
data lines D1 to Dm and the scan lines S1 to Sn+1. Each of
the display pixels DP may be connected to one of the data
lines, two of the scan lines, and one of the light emission
control lines.

The auxiliary pixels RP may be arranged at crossing
regions between the auxiliary data lines RD1 and RD2 and
the scan lines S1 to Sn+1 in the auxiliary pixel regions RPA1
and RPA2, respectively. The auxiliary pixels RP are formed
to repair the display pixels DP in which defects occur during
the manufacturing process of the display panel 10. Each of
the auxiliary pixels RP may be connected to one of the
auxiliary data lines, two of the scan lines, one of the light
emission control lines, and one of the auxiliary lines RL. The
auxiliary line RL is connected to the auxiliary pixel RP and
extends from the auxiliary pixel RP to the display area DA
to cross the display pixels DP.

When a defect occurs in the display pixel DP, the display
pixel DP is connected to the auxiliary line RL through a laser
short-circuit process. Therefore, the auxiliary pixel RP is
connected to the display pixel DP, in which the defect
occurs, through the auxiliary line RL, so that the display
pixel DP may be repaired by using the auxiliary pixel RP.
Hereinafter, for convenience of description, the display pixel
DP which is repaired for defects is referred to as a repaired
pixel.

The display pixels DP and the auxiliary pixels RP of the
display panel 10 according to an exemplary embodiment of
the present invention are described below in connection with
FIG. 2.

In addition, a plurality of power voltage lines may be
formed in the display panel 10 to supply a plurality of power
voltages to the display pixels DP and the auxiliary pixels RP.
In FIG. 1, the plurality of power voltage lines are not
illustrated for convenience of explanation.

The scan driver 20 may include a scan signal output unit
and a light emission control signal output unit. The scan
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signal output unit outputs scan signals to the scan lines S1
to Sn+1. The light emission control signal output unit
outputs light emission control signals to the light emission
control lines E1 to En. The scan signal output unit receives
a scan timing control signal SCS from the timing controller
50 and outputs the scan signals to the scan lines S1 to Sn+1
in response to the scan timing control signal SCS. The light
emission control signal output unit receives a light emission
timing control signal ECS from the timing controller 50 and
outputs the light emission control signals to the light emis-
sion control lines E1 to En in response to the light emission
timing control signal ECS.

The scan signal output unit and the light emission control
signal output unit may be formed in the non-display area
NDA of the display panel 10 by an amorphous silicon gate
in a pixel (ASG) scheme or in a (GIP) scheme. Each of the
scan signal output unit and the light emission control signal
output unit may include scan stages connected in cascade.
The scan stages may sequentially output the scan signals to
the scan lines S1 to Sn+1, and light emission stages may
sequentially output the light emission control signals to the
light emission control lines E1 to En. The light emission
stages are described below in detail with reference to FIG.
6.

The first data driver 30 may include at least one source
drive IC. The source drive IC receives digital video data
DATA and the source timing control signal DCS from the
timing controller 50. The source drive IC converts the digital
video data DATA into data voltages in response to the source
timing control signal DCS. The source drive IC is synchro-
nized with the scan signals and supplies the data voltages to
the data lines D1 to Dm. Therefore, the data voltages are
supplied to the display pixels DP to which the scan signal is
supplied.

The second data driver 40 receives a repair control signal
RCS, the digital video data DATA, and coordinate data CD
of the repaired pixel from the timing controller 50. The
second data driver 40 generates auxiliary data voltages by
using the repair control signal RCS, the digital video data
DATA, and the coordinate data CD of the repaired pixel. The
second data driver 40 is synchronized with the scan signals
and supplies the auxiliary data voltages to the auxiliary data
lines RD1 and RD2. Therefore, the auxiliary data voltages
are supplied to the auxiliary pixels RP to which the scan
signal is supplied.

In order to repair the defective pixel to form a repaired
pixel, the second data driver 40 supplies the same auxiliary
data voltage as the data voltage, which is to be supplied to
the repaired pixel, to the auxiliary pixel connected to the
repaired pixel. The second data driver 40 which supplies the
auxiliary data voltage is described below in connection with
FIGS. 2, 3, 4A and 4B.

The timing controller 50 receives the digital video data
DATA and timing signals (not shown) from an external
device. The timing controller 50 generates timing control
signals to control the scan driver 20 and the first data driver
30 on the basis of the timing signals (not shown). The timing
control signals include the scan timing control signal SCS to
control the operation and timing of the scan signal output
unit of the scan driver 20, the light emission timing control
signal ECS to control the operation and timing of the light
emission control signal output unit of the scan driver 20, and
the data timing control signal DCS to control the operation
and timing of the first data driver 30. The timing controller
50 outputs the scan timing control signal SCS and the light
emission timing control signal ECS to the scan driver 20,
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and outputs the data timing control signal DCS and the
digital video data DATA to the first data driver 30.

In addition, the timing controller 50 generates the repair
control signal RCS and the coordinate data CD of the
repaired pixel. The repair control signal RCS indicates
whether or not a repaired pixel exists. For example, the
repair control signal RCS may be generated as a first logic
level voltage when the repaired pixel exists, and otherwise,
the repair control signal RCS may be generated as a second
logic level voltage. The coordinate data CD of the repaired
pixel refers to a coordinate value of the repaired pixel. The
coordinate data CD of the repaired pixel may be stored in a
memory of the timing controller 50. The timing controller 50
outputs the repair control signal RCS, the coordinate data
CD of the repaired pixel, and the digital video data DATA to
the second data driver 40.

The power supply 60 may supply a plurality of power
voltages to the plurality of power voltage lines. As illustrated
in FIG. 1, the power supply 60 may supply first, second,
third and fourth power voltages VIN1, VIN2, VDD and VSS
to first to fourth power voltage lines (not shown), respec-
tively. In FIG. 1, for convenience of explanation, the first to
fourth power voltage lines are not illustrated. However, the
first to fourth power voltage lines are described below in
detail with reference to FIGS. 2 and 5. In addition, the power
supply 60 may provide a gate-off voltage to a gate-off
voltage line and a gate-on voltage to a gate-on voltage line.
The gate-off voltage and the gate-on voltage are described
below in detail with reference to FIG. 7.

FIG. 2 is a detailed block diagram illustrating display
pixels, auxiliary pixels, auxiliary lines, auxiliary data lines,
and a second data driver according to an exemplary embodi-
ment of the present invention. In FIG. 2, for convenience of
explanation, the display pixels DP, the auxiliary pixels RP,
the auxiliary lines RL, the auxiliary data lines RD1 and RD2,
and the second data driver 40 of the display panel 10 are
illustrated.

Referring to F1G. 2, each of the display pixels DP includes
a display pixel driver 110 and an organic light emitting diode
OLED. The organic light emitting diode OLED emits light
with predetermined brightness according to a driving current
of the display pixel driver 110. An anode electrode of the
organic light emitting diode OLED may be connected to the
display pixel driver 110, and a cathode electrode thereof may
be coupled to the fourth power voltage line VSSL to which
the fourth power voltage is provided. The fourth power
voltage may be a low-potential power voltage. As with other
power voltages and power voltage lines described herein,
the fourth power voltage may be provided to the fourth
power voltage line as a result of the fourth power voltage
line being connected to a corresponding power voltage
supply, e.g., a fourth power voltage supply. The display pixel
driver 110 is described below in detail with reference to FIG.
5.

Each of the auxiliary pixels RP includes an auxiliary pixel
driver 210 and an A transistor (or auxiliary transistor) DT.
The auxiliary pixel driver 210 and the A transistor DT are
connected to the auxiliary line RL. The auxiliary pixel driver
210 supplies a driving current to the auxiliary line RL. The
A transistor DT discharges the auxiliary line RL to the first
power voltage. The A transistor DT may be connected to the
auxiliary line RL and a first power voltage line VINLI to
which the first power voltage is supplied. A control electrode
of the A transistor DT may be connected to various signal
lines, which is described below with reference to FIGS. 5, 8,
10, 13 and 15.
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The auxiliary line RL is connected to the auxiliary pixel
RP and extends from the auxiliary pixel RP to the display
area DA to cross the display pixels DP. For example, as
illustrated in FIG. 2, the auxiliary line RL may be connected
to the auxiliary pixel RP in a p” row (where p is a positive
integer satisfying 1=<p=n) and cross the display pixels DP in
the p” row. In addition, as illustrated in FIG. 2, the auxiliary
line RL may cross anode electrodes of the organic light
emitting diodes OLED of the display pixels DP.

The auxiliary line RL, may be connected to one of the
display pixels DP in the display area DA. The display pixel
DP connected to the auxiliary line RL corresponds to a
defective pixel to be repaired. In FIG. 2, the display pixel DP
connected to the auxiliary line RL is defined as a repaired
pixel RDP1/RDP2. More specifically, the auxiliary line RL
may be connected to an anode electrode of the organic light
emitting diode OLED of the repaired pixel RDP1/RDP2.
The display pixel driver 110 and the organic light emitting
diode OLED of the repaired pixel RDP1/RDP2 are discon-
nected from each other.

The auxiliary pixels RP in a first auxiliary pixel area RP
are connected to the first auxiliary data line RD1. The
auxiliary pixels RP in a second auxiliary pixel area RP2 are
connected to the second auxiliary data line RD2. The display
pixels DP in the display area DA are connected to the data
lines D1 to Dm. However, in FIG. 2, for convenience of
explanation, the data lines D1 to Dm are not illustrated.

The second data driver 40 includes an auxiliary data
output unit (or repair data calculation unit) 41, an auxiliary
data conversion unit (or repair data conversion unit) 42, a
memory 43 and an auxiliary data voltage conversion unit (or
repair data voltage conversion unit) 44. A driving method of
the second data driver 40 is described with reference to
FIGS. 2 and 3.

FIG. 3 is a flowchart illustrating the driving method of the
second data driver of FIG. 2. Referring to FIG. 3, the driving
method of the second data driver includes steps S101 to
S106.

First, the auxiliary data output unit 41 receives the repair
control signal RCS, the digital video data DATA, and the
coordinate data CD of the repaired pixel RDP1/RDP2 from
the timing controller 50. The auxiliary data output unit 41
calculates auxiliary data RD when the repair control signal
RCS having the first logic level voltage is input and does not
calculate the auxiliary data RD when the repair control
signal RCS having the second logic level voltage is input. In
other words, the auxiliary data output unit 41 calculates the
auxiliary data RD from the digital video data DATA in
response to the coordinate data CD of the repaired pixel
when the repair control signal RCS having the first logic
level voltage is input.

The auxiliary data output unit 41 may calculate the digital
video data corresponding to the coordinate value of the
repaired pixel RDP1/RDP2 as the auxiliary data RD. For
example, when the first repaired pixel RDP1 is in the second
row and second column as illustrated in FIG. 2, the first
repaired pixel RDP1 may have a coordinate value of (2,2).
However, in FIG. 2, only rows and columns of the display
area DA are illustrated. In addition, when n display pixels
DP are arranged in a column direction (y-axis direction), the
second repaired pixel RDP2 is located in an n-1? row and
the second column. Therefore, the second repaired pixel
RDP2 has a coordinate value of (n-1,2).

The auxiliary data output unit 41 may calculate the digital
video data corresponding to the coordinate value (2,2) as the
auxiliary data RD to be supplied to the auxiliary pixel RP
connected to the first repaired pixel RDP1, and calculate the
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digital video data corresponding to the coordinate value
(n-1,2) as the auxiliary data RD provided to the auxiliary
pixel RP connected to the second repaired pixel RDP2. The
auxiliary data output unit 41 outputs the auxiliary data RD
to the auxiliary data conversion unit 42. (Steps S101, S102,
and S103)

Second, the auxiliary data conversion unit 42 receives the
auxiliary data RD from the auxiliary data output unit 41. The
repaired pixel RDP1/RDP2 receives the auxiliary data volt-
age from the auxiliary pixel RP through the auxiliary line
RL. Therefore, the auxiliary data conversion unit 42 may
convert the auxiliary data RD by adding predetermined data
to the auxiliary data RD in consideration of wiring resistance
of the auxiliary line RL and parasitic capacitance of the
auxiliary line RL. The auxiliary data conversion unit 42
outputs converted auxiliary data RD' to the memory 43.

The auxiliary data conversion unit 42 may be removed. In
this example, the auxiliary data output unit 41 outputs the
auxiliary data RD to the memory 43. (Step S104)

Third, the memory 43 receives and stores the converted
auxiliary data RD' from the auxiliary data conversion unit
42. The memory 43 receives and stores the auxiliary data RD
from the auxiliary data output unit 41 when the auxiliary
data conversion unit 42 is removed.

The memory 43 may be set to be updated with initializa-
tion data at each predetermined period. More specifically,
the memory 43 may receive a signal indicating a predeter-
mined period from the timing controller 50. The signal
indicating the predetermined period may be a vertical syn-
chronization signal vsync in which a pulse is generated for
every one frame period, or a horizontal synchronization
signal hsync in which a pulse is generated for every one
horizontal period. The one frame period refers to a period for
which the data voltages are supplied to all display pixels DP.
The horizontal period refers to a period for which the data
voltages are supplied to the display pixels DP in one of the
rows. When the signal indicating the predetermined time is
the vertical synchronization signal vsync, the memory 43
may be updated with the initialization data at each one frame
period. When the signal indicating the predetermined period
is the horizontal synchronization signal hsync, the memory
43 may be updated with the initialization data at each one
horizontal period. The memory 43 may be embodied as a
register. The memory 43 outputs data DD to the auxiliary
data voltage conversion unit 44. (Step S105)

Fourth, the auxiliary data voltage conversion unit 44
receives the data DD stored in the memory 43 and converts
the data DD into the auxiliary data voltages. The auxiliary
data voltage conversion unit 44 is synchronized with the
scan signals and supplies the auxiliary data voltages to the
auxiliary data lines RD1 and RD2. Therefore, the auxiliary
data voltages supplied to the auxiliary data lines RD1 and
RD2 are supplied in synchronization with the data voltages
supplied to the data lines D1 to Dm. In other words, the
auxiliary data voltage supplied to the auxiliary pixel RP in
the p” row is supplied in synchronization with the data
voltages supplied to the display pixels DP in the p™ row.
(Step S106)

As described above, according to an exemplary embodi-
ment of the present invention, the digital video data DATA
corresponding to the coordinate value of the repaired pixel
RDP1/RDP2 is calculated as the auxiliary data RD. As a
result, according to an exemplary embodiment of the present
invention, the same auxiliary data voltage as the data voltage
to be supplied to the repaired pixel RDP1/RDP2 may be
supplied to the auxiliary pixel RP connected to the repaired
pixel RDP1/RDP2.
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FIG. 4A is an exemplary diagram illustrating data volt-
ages output from the first data driver of FIG. 2 and auxiliary
data voltages output from the auxiliary data voltage conver-
sion unit of the second data driver. FIG. 4A illustrates the
vertical synchronization signal vsync, data voltages DVi
supplied to an i data line Di (where i is a positive integer
satisfying 1=i=m), and auxiliary data voltages RDV output
from the auxiliary data voltage conversion unit 44.

Referring to FIG. 4A, one frame period (1 frame) includes
an active period AP and a blank period BR The data voltages
are supplied to the display pixels DP for the active period
AP. The blank period BP is a pause period. The vertical
synchronization signal vsync generates a pulse at each frame
period. The data voltages DVi output to the i* data line Di
may include first to n” data voltages DV1 to DVn. As
illustrated in FIG. 2, the auxiliary data voltage supplied to
the auxiliary pixel RP may be supplied in synchronization
with the data voltages supplied to the display pixels DP in
the p” row.

As illustrated in FIG. 2, the first repaired pixel RDP1 may
be in the second row, and the second repaired pixel RDP2
may be in the n-1” row. As illustrated in FIG. 4A, according
to data in the memory 43, a first auxiliary data voltage RDV1
may be supplied to the auxiliary data line RD1/RD2 in
synchronization with a period for which a data voltage DV2
is supplied to the i” data line Di connected to the display
pixel in the second row. In addition, as illustrated in FIG.
4A, according to data in the memory 43, a second auxiliary
data voltage RDV?2 may be supplied to the auxiliary data line
RD1/RD2 in synchronization with a period for which a data
voltage DVn-1 is supplied to the i data line Di connected
to the display pixel in the n-17 row.

When the signal indicating the predetermined period is
the vertical synchronization signal vsync, the memory 43 is
updated with the initialization data BD at each one frame
period. Therefore, as illustrated in FIG. 4A, the auxiliary
data voltage conversion unit 44 may receive the first auxil-
iary data RD1 from the memory 43 for a period from when
the data voltage DV2 is supplied to the display pixel in the
second row to when the data voltage DVn-2 is supplied to
the display pixel in the n-2” row. Subsequently, the auxil-
iary data voltage conversion unit 44 may convert the input
first auxiliary data RD1 into the first auxiliary data voltage
RDV1 and output the first auxiliary data voltage RDV1 to
the auxiliary data line RD1/RD2.

In addition, as shown in FIG. 4A, the auxiliary data
voltage conversion unit 44 may receive the second auxiliary
data RD2 from the memory 43 for a period from when the
data voltage DVn-1 is supplied to the display pixel in the
n-1? row to when the data voltage DVn is supplied to the
display pixel in the n” row, convert the second auxiliary data
RD2 into the second auxiliary data voltage RDV2, and
output the second auxiliary data voltage RDV2 to the
auxiliary data line RD1/RD2. Further, as illustrated in FIG.
4A, the auxiliary data voltage conversion unit 44 may
receive the initialization data BD from the memory 43 for a
period when the data voltage DV1 is supplied to the display
pixel in the first row, convert the input initialization data BD
into an initialization data voltage BDV, and output the
initialization data voltage BDV to the auxiliary data line
RD1/RD2.

As a result, as described above in connection with FIG.
4A, each of the auxiliary data voltages supplied to the
auxiliary data lines RD1 and RD2 may be supplied in
synchronization with the data voltages supplied to the data
lines D1 to Dm.
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FIG. 4B is an exemplary diagram illustrating data volt-
ages output from the first data driver of FIG. 2 and auxiliary
data voltages output from the auxiliary data voltage conver-
sion unit of the second data driver. FIG. 4B illustrates the
horizontal synchronization signal hsync, the data voltages
DVi output to the i data line Di, and the auxiliary data
voltages RDV output from the auxiliary data voltage con-
version unit 44.

Referring to FIG. 4B, the one frame period (1 frame)
includes the active period AP for which the data voltages are
supplied and the blank period BP which is a pause period.
The horizontal synchronization signal hsync generates a
pulse at each one horizontal period 1H. The data voltages
DVi output to the i data line Di may include first to n? data
voltages DV1 to DVn. As illustrated in FIG. 2, the auxiliary
data voltage supplied to the auxiliary pixel RP in the p” row
may be supplied in synchronization with the data voltages
supplied to the display pixels DP in the p™ row.

As illustrated in FIG. 2, the first repaired pixel RDP1 may
be in the second row, and the second repaired pixel RDP2
may be in the n-1” row. In this example, as illustrated in
FIG. 4B, according to data in the memory 43, the first
auxiliary data voltage RDV1 may be supplied to the auxil-
iary data line RD1/RD2 in synchronization with a period for
which the data voltage DV2 is supplied to the i* data line Di
connected to the display pixel in the second row. In addition,
as illustrated in FIG. 4B, according to data in the memory
43, the second auxiliary data voltage RDV2 may be supplied
to the auxiliary data line RD1/RD2 in synchronization with
a period for which the data voltage DVn-1 is supplied to the
i data line Di connected to the display pixel in the n-1"
row.

When the signal indicating the predetermined period is
the horizontal synchronization signal hsync, the memory 43
is updated with the initialization data BD at each one
horizontal period 1H. Therefore, as illustrated in FIG. 4B,
the auxiliary data voltage conversion unit 44 may receive the
first auxiliary data RD1 from the memory 43 for a period in
which the data voltage DV2 is supplied to the display pixel
in the second row, convert the input first auxiliary data RD1
into the first auxiliary data voltage RDV1, and output the
first auxiliary data voltage RDV1 to the auxiliary data line
RD1/RD2.

In addition, as illustrated in FIG. 4B, the auxiliary data
voltage conversion unit 44 receives the second auxiliary data
RD2 from the memory 43 for a period in which the data
voltage DVn-1 is supplied to the display pixel in the n-1%
row, converts the second auxiliary data RD2 into the second
auxiliary data voltage RDV?2, and outputs the second aux-
iliary data voltage RDV2 to the auxiliary data line RD1/
RD2. Further, as illustrated in FIG. 4B, the auxiliary data
voltage conversion unit 44 may receive the initialization
data BD from the memory 43 for periods except the period
for which the data voltage DV2 is supplied to the display
pixel in the second row and the period for which the data
voltage DVn-1 is supplied to the display pixel in the n-1%
row, convert the input initialization data BD into the initial-
ization data voltage BDV, and output the initialization data
voltage BDV to the auxiliary data line RD1/RD2.

As aresult, as illustrated in FIG. 4B, each of the auxiliary
data voltages supplied to the auxiliary data lines RD1 and
RD2 may be supplied in synchronization with the data
voltages supplied to the data lines D1 to Dm.

In addition, as described in connection with FIG. 4B, the
initialization data voltage BDV may be supplied to auxiliary
pixels which are not connected to the repaired pixels RDP1
and RDP2. As a result, according to an exemplary embodi-
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ment of the present invention, the display pixels DP in the
display area may be prevented (or protected) from being
affected by voltage variations of the auxiliary lines con-
nected to the auxiliary pixels which are not connected to the
repaired pixels RDP1 and RDP2. In other words, the voltage
of the auxiliary line RL may be prevented (or protected)
from being changed by the driving current which may be
supplied to the auxiliary line RL. when the auxiliary data
voltage is supplied to the auxiliary pixel RP.

FIG. 5 is a detailed circuit diagram illustrating display
pixels and an auxiliary pixel according to an exemplary
embodiment of the present invention. For convenience of
explanation, FIG. 5 illustrates k=17 and k™ scan lines Sk-1
and Sk (where k is a positive integer satisfying 2<k=n), the
first auxiliary data line RDI, first and i data lines D1 and
Dj (where ] is a positive integer satisfying 2<j=m), a k™ light
emission control line Ek, and a node control circuit pull-
down control node signal STAk+o._QB associated with a
k+a™ light emission control line Ek+c. In addition, for
convenience of explanation, FIG. 5 illustrates a first auxil-
iary pixel RP1 connected to the first auxiliary data line RD1,
a first display pixel DP1 connected to the first data line D1,
and a i” display pixel DPj connected to the j* data line Dj.
In FIG. 5, it is shown as an example that a defect does not
occur in the first display pixel DP1 during the manufacturing
process, and a defect occurs in the j* display pixel DP;
during the manufacturing process and is repaired. The first
auxiliary pixel RP1, the first display pixel DP1 and the i
display pixel DPj are described below in detail with refer-
ence to FIG. 5.

With reference to FIG. 5, the first auxiliary pixel RP1 is
connected to the i display pixel DPj through the auxiliary
line RL. The auxiliary line RL may be connected to the first
auxiliary pixel RP1 and extends from the first auxiliary pixel
RP1 to the display area DA to cross the display pixels DP1
and DPj. More specifically, as illustrated in FIG. 5, the
auxiliary line RL may cross anode electrodes of the organic
light emitting diodes OLED of the display pixels DP1 and
DP;.

The auxiliary line RL may be connected to the organic
light emitting diode OLED of the j* display pixel DPj. In
this example, the display pixel driver 110 and the organic
light emitting diode OLED of the i display pixel DPj may
be disconnected from each other.

Each of the display pixels DP1 and DPj includes the
organic light emitting diode OLED and the display pixel
driver 110.

The display pixel driver 110 of each of the display pixels
DP1 and DPj is connected to the organic light emitting diode
OLED and supplies a driving current to the organic light
emitting diode OLED. However, the display pixel driver 110
and the organic light emitting diode OLED of the j* display
pixel DPj corresponding to the repaired pixel are discon-
nected from each other.

The display pixel driver 110 may be connected to a
plurality of scan lines, a data line, a light emission control
line, and a plurality of power lines. For example, the display
pixel driver 110 may be connected to the k—1” and k™ scan
lines Sk-1 and Sk, the data line D1/Dj, a k™ light emission
control line Ek, and second and third power voltage lines
VDDL and VINL2. A second power voltage is supplied to
the second power voltage line VINL2, and a third power
voltage is supplied to the third power voltage line VDDL.
The second power voltage may be an initialization power
voltage to initialize the display pixel driver 110, and the third
power voltage may be a high potential power voltage. The
second power voltage and the first power voltage are dif-
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ferent from each other. For example, the first power voltage
may be substantially the same as the fourth power voltage,
or may be obtained by adding a predetermined voltage to the
fourth power voltage. The second power voltage may be set
to a predetermined DC of -3.5V.

The display pixel driver 110 may include a plurality of
transistors. For example, the display pixel driver 110 may
include first, second, third, fourth, fifth, sixth and seventh
transistors T1, T2, T3, T4, T5, T6 and T7 and a storage
capacitor Cst.

The first transistor T1 controls a driving current (drain-
source current) Ids in response to a voltage of a control
electrode thereof. The driving current Ids flowing through a
channel of the first transistor T1 is in proportion to the
square of a value obtained by subtracting a threshold voltage
of the first transistor T1 from a difference between the
control electrode and a first electrode of the first transistor
T1 (gate-to-source voltage) according to the following
Equation 1:

L=k (Vs V)2 Equation 1

In Equation 1, k' is a proportional coefficient determined
by the structure and physical properties of the first transistor
T1, Vgs is the voltage between the control electrode and the
first electrode of the first transistor T1, and Vth is the
threshold voltage of the first transistor T1.

The second transistor T2 is connected to the first electrode
of the first transistor T1 and the data line D1/Dj. The second
transistor T2 is tumed on by a scan signal of the k” scan line
Sk to connect the first electrode of the first transistor T1 to
the data line D1/Dj. As a result, a data voltage of the data line
D1/D;j is supplied to the first electrode of the first transistor
T1. A control electrode of the second transistor T2 is
connected to the k™ scan line Sk, a first electrode thereof is
connected to the data line D1/Dj, and a second electrode
thereof is connected to the first electrode of the first tran-
sistor T1. The control electrode may be a gate electrode, the
first electrode may be a source electrode or a drain electrode,
and the second electrode may be a different electrode from
the first electrode. For example, when the first electrode is a
source electrode, the second electrode may be a drain
electrode.

The third transistor T3 is connected to the control elec-
trode and the second electrode of the first transistor T1. The
third transistor T3 is turned on by the scan signal of the k”
scan line Sk to connect the control electrode and the second
electrode of the first transistor T1. Since the control elec-
trode and the second electrode of the first transistor T1 are
connected, the first transistor T1 is driven as a diode. A
control electrode of the third transistor T3 is connected to the
k™ scan line Sk, a first electrode thereof is connected to the
second electrode of the first transistor T1, and a second
electrode thereof is connected to the control electrode of the
first transistor T1.

The fourth transistor T4 is connected to the control
electrode of the first transistor T1 and the second power
voltage line VINL2 to which the second power voltage is
supplied. The fourth transistor T4 is turned on by a scan
signal of a k-1” scan line Sk-1 to connect the control
electrode of the first transistor T1 and the second power
voltage line VINL2. As a result, the control electrode of the
first transistor T1 may be initialized to the second power
voltage. A control electrode of the fourth transistor T4 is
comnected to the k-1% scan line Sk-1, a first electrode
thereof is connected to the control electrode of the first
transistor T1, and a second electrode thereof is connected to
the second power voltage line VINL2.
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The fifth transistor T5 is connected to the third power
voltage line VDDL and the first electrode of the first
transistor T1. The fifth transistor T5 is turned on by a light
emission control signal of the k™ light emission control line
Ek to connect the third power voltage line VDDL and the
first electrode of the first transistor T1, so that the third
power voltage is supplied to the first electrode of the first
transistor T1. A control electrode of the fifth transistor T5 is
connected to the k” light emission control line Ek, a first
electrode thereof is connected to the third power voltage line
VDDL, and a second electrode thereof is connected to the
first electrode of the first transistor T1.

The sixth transistor T6 is connected to the second elec-
trode of the first transistor T1 and the organic light emitting
diode OLED. The sixth transistor T6 is turned on by the light
emission control signal of the k” light emission control line
Fk to connect the second electrode of the first transistor T1
and the organic light emitting diode OLED. A control
electrode of the sixth transistor T6 is connected to the k™
light emission control line Ek, a first electrode thereof is
connected to the second electrode of the first transistor T1,
and a second electrode thereof is connected to the organic
light emitting diode OLED.

When the fifth and sixth transistors T5 and T6 are turned
on, the driving current Ids of the display pixel driver 110 is
supplied to the organic light emitting diode OLED, so that
the organic light emitting diode OLED of the first display
pixel DP1 emits light.

The seventh transistor T7 is connected to the anode
electrode of the organic light emitting diode OLED and the
second power voltage line VINL2. The seventh transistor T7
is turned on by the scan signal of the k-1 scan line Sk-1
to connect the anode electrode of the organic light emitting
diode OLED and the second power voltage line VINL2, so
that the anode electrode of the organic light emitting diode
OLED is discharged to the second power voltage. A control
electrode of the seventh transistor T7 is connected to the
k-17 scan line Sk-1, a first electrode thereof is connected to
the anode electrode of the organic light emitting diode
OLED, and a second electrode thereof is connected to the
second power voltage line VINL2.

The organic light emitting diode OLED emits light in
response to the driving current Ids of the display pixel driver
110. The amount of light emitted from the organic light
emitting diode OLED may be proportional to the driving
current Ids. The anode electrode of the organic light emitting
diode OLED is connected to the first electrode of the second
transistor T2 and the second electrode of the seventh tran-
sistor T7, and a cathode electrode thereof is connected to the
fourth power voltage line VSSL. The fourth power voltage
is supplied to the fourth power voltage line VSSL.

The storage capacitor Cst is connected to the control
electrode of the first transistor T1 and the third power
voltage line VDDL and maintained at a voltage of the
control electrode of the first transistor T1. One electrode of
the storage capacitor Cst is connected to the control elec-
trode of the first transistor T1, and the other electrode thereof
is connected to the third power voltage line VDDL.

In FIG. 5, the description is made in reference to the
example in which the first to seventh transistors T1 to T7 are
composed of PMOS transistors. However, the present inven-
tion is not limited thereto. In other words, the first to seventh
transistors T1 to T7 may be composed of NMOS transistors.

Each of the auxiliary pixels RP1 includes the auxiliary
pixel driver 210 and the A transistor DT. Each of the
auxiliary pixels RP1 does not include the organic light
emitting diode OLED.
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The auxiliary pixel driver 210 is connected to the auxil-
iary line RL. Therefore, a driving current of the auxiliary
pixel driver 210 is supplied to the organic light emitting
diode OLED of the j* display pixel DPj through the auxil-
iary line RL.

The auxiliary pixel driver 210 may be connected to a
plurality of scan lines, an auxiliary data line, a plurality of
light emission control lines, and a plurality of power lines.
For example, the auxiliary pixel driver 210 may be con-
nected to the k-1” and k” scan lines Sk-1 and Sk, the first
auxiliary data line RD1, the k™ and k+o™ light emission
control lines Fk and Ek+a (where a is a positive integer
satisfying 1=a<30), and the second and third power voltage
lines VINL2 and VDDL. When o is smaller than zero, the
auxiliary line RL is discharged before the voltage of the
auxiliary line RL is changed due to parasitic capacitances PC
and fringe capacitance FC. Thus, the effects of discharging
the auxiliary line RL may not be obtained. When o is greater
than thirty, a time difference occurs between when the
voltage of the auxiliary line RL is changed by the parasitic
capacitances PC and the fringe capacitance FC and when the
auxiliary line RL is discharged. As a result, erroneous light
emission of the repaired pixel RDP may be visible to a user.

The auxiliary pixel driver 210 may include a plurality of
transistors. For example, the auxiliary pixel driver 210 may
include first, second, third, fourth, fifth, sixth and seventh
transistors T1', T2', T3', T4', T5', T6', and T7".

The first, third, fourth and fifth transistors T1', T3', T4',
and T5' and a storage capacitor Cst' of the auxiliary pixel
driver 210 may be formed in substantially the same manner
as the first, third, fourth and fifth transistors T1, T3, T4, and
T5, and the storage capacitor Cst of the display pixel driver
110, respectively. Therefore, a detailed description of the
first, third, fourth and fifth transistors T1', T3', T4', and T5',
and the storage capacitor Cst' of the auxiliary pixel driver
210 is omitted.

The second transistor T2' is connected to a first electrode
of the first transistor T1' and the first auxiliary data line RD1.
The second transistor T2' is turned on by the scan signal of
the k™ scan line Sk to connect a first electrode of the first
transistor T1' to the first auxiliary data line RD1, so that the
auxiliary data voltage of the first auxiliary data line RD1 is
supplied to the first electrode of the first transistor T1'. A
control electrode of the second transistor T2' is connected to
the k™ scan line Sk, a first electrode thereof is connected to
the first auxiliary data line RD1, and a second electrode
thereof is connected to the first electrode of the first tran-
sistor T1".

The sixth transistor T6' is connected to a second electrode
of the first transistor T1' and the auxiliary line RL. The sixth
transistor T6' is turned on by the light emission control
signal of the k™ light emission control line Ek to connect the
second electrode of the first transistor T1' and the auxiliary
line RL. A control electrode of the sixth transistor T6' is
connected to the k™ light emission control line Ek, a first
electrode thereof is connected to the second electrode of the
first transistor T1', and a second electrode thereof is con-
nected to the auxiliary line RL. When the fourth and fifth
transistors T4' and T5' are turned on, a driving current Ids’
is supplied to the organic light emitting diode OLED of the
i display pixel DPj through the auxiliary line RL, so that the
organic light emitting diode OLED of the j* display pixel
DPj emits light.

The seventh transistor T7' is connected to the auxiliary
line RL and the second power voltage line VINL2. The
seventh transistor T7' is turned on by the scan signal of the
k=17 scan line Sk-1 to connect the auxiliary line RL and the
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second power voltage line VINL?2, so that the auxiliary line
RL is discharged to the second power voltage. A control
electrode of the seventh transistor T7' is connected to the
k-1 scan line Sk-1, a first electrode thereof is connected to
the auxiliary line RL, and a second electrode thereof is
connected to the second power voltage line VINL2.

The A transistor DT is connected to the auxiliary line RT
and the first power voltage line VINL1. The first power
voltage is supplied to the first power voltage line VINLI.
The first power voltage may be an initialization power
voltage to initialize the auxiliary line RL. The first power
voltage may be substantially the same as the fourth power
voltage, or may be set to a voltage obtained by adding a
predetermined voltage to the fourth power voltage. The first
power voltage and the fourth power voltage are described
below in detail with reference to FIG. 17.

More specifically, the A transistor DT is turned on by a
voltage supplied to a control electrode of the A transistor DT
to connect the auxiliary line RL and the first power voltage
line VINLI1, so that the voltage of the auxiliary line RL is
discharged to the first power voltage. In other words, the A
transistor DT functions to discharge the auxiliary line RL.
The control electrode of the A transistor DT may be con-
nected to a pull-down control node STAk+a_QB of a light
emission stage connected to the k+a™ light emission control
line, a first electrode thereof may be connected to the
auxiliary line RL, and a second electrode thereof may be
connected to the first power voltage line VINLI. The pull-
down control node STAk+o._QB of the light emission stage
connected to the k+o™ light emission control line is
described below with reference to FIG. 6.

In FIG. 5, the description is made in reference to the
example in which the first to seventh transistors T1' to T7'
and the A transistor DT are composed of PMOS transistors.
However, the present invention is not limited thereto. In
other words, the first to seventh transistors T1' to T7' and the
A transistor DT may be composed of NMOS transistors.

As described above, the display pixel driver 110 of each
of the display pixels DP1, except the i display pixel DPj
corresponding to the repaired pixel, is connected to the
organic light emitting diode OLED and supplies the driving
current to the organic light emitting diode OLED. However,
the display pixel driver 110 of the organic light emitting
diode OLED of the i display pixel DPj is not connected to
the organic light emitting diode OLED. In other words, the
display pixel driver 110 of the j* display pixel DPj is
impaired due to a defect, the display pixel driver 110 and the
organic light emitting diode OLED are disconnected from
each other by a laser process, and the anode electrode of the
organic light emitting diode OLED of the i display pixel
DPj is connected to the auxiliary line RL. Therefore, the
anode electrode of the organic light emitting diode OLED of
the i display pixel DPj may be connected to the auxiliary
pixel driver 210 of the first auxiliary pixel RP1 through the
auxiliary line RL. Therefore, the organic light emitting diode
OLED of the j* display pixel DPj receives the driving
current from the auxiliary pixel driver 210 of the first
auxiliary pixel RP1 and emits light. As a result, the j*
display pixel DPj may be repaired.

FIG. § illustrates the first auxiliary pixel RP1 as an
example of auxiliary pixels for convenience of explanation.
Each of the auxiliary pixels may be formed in substantially
the same manner as the first auxiliary pixel RP1. In addition,
FIG. 5 illustrates the first display pixel DP1 as an example
of display pixels in which a defect does not occur. Each of
the display pixels in which a defect does not occur may be
formed in substantially the same manner as the first display
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pixel DP1. In addition, FIG. 5 illustrates the j* display pixel
DPj as an example of repaired pixels for convenience of
explanation. Each of the repaired pixels may be formed in
substantially the same manner as the i display pixel DPj.

Since the auxiliary line RL and the anode electrodes of the
organic light emitting diodes OLED of the display pixels
overlap with each other, the parasitic capacitances PC may
be formed between the auxiliary line RL and the anode
electrodes of the organic light emitting diodes OLED of the
display pixels. In addition, since the auxiliary line RL is
formed next to the k scan line Sk, the fringe capacitance FC
may be formed between the auxiliary line RL and the k*
scan line Sk. The voltage of the auxiliary line R may be
changed due to the parasitic capacitances PC and the fringe
capacitance FC. Thus, the organic light emitting diode
OLED of the j** display pixel DPj corresponding to the
repaired pixel may emit light in error.

However, in order to prevent (or reduce) the above
erroneous light emission, according to an exemplary
embodiment of the present invention, the auxiliary line RL
is discharged to the first power voltage by using the A
transistor DT. As a result, according to an exemplary
embodiment of the present invention, the voltage of the
auxiliary line RL may be prevented (or protected) from
being changed due to the parasitic capacitances PC and the
fringe capacitance FC. Therefore, according to an exemplary
embodiment of the present invention, the organic light
emitting diode OLED may be prevented (or protected) from
emitting light in error. This will be described below in detail
with reference to FIG. 7.

FIG. 6 is a circuit diagram illustrating an example of a
k+a™ light emission stage of a scan driver outputting a k+a”
light emission control signal as shown in FIG. 5. Referring
to FIG. 6, a k+a™ light emission stage STAk+a which
outputs a k+a light emission control signal to a k+o™ light
emission control line Ek+a includes a pull-up control node
Q, a pull-down control node QB, a pull-up transistor TU, a
pull-down transistor TD, and a node control circuit NC.

The pull-up transistor TU controls connection between a
gate-on voltage line VONL and the k+c™ light emission
control line Ek+c. in response to a voltage of the pull-up
control node Q. A control electrode of the pull-up transistor
TU is connected to the pull-up control node Q, a first
electrode thereof is connected to the k+a™ light emission
control line Ek+c, and a second electrode thereof is con-
nected to the gate-on voltage line VONL.

The pull-down transistor TD controls connection between
a gate-off voltage line VOFFL and the k+a™ light emission
control line Ek+a in response to a voltage of the pull-down
control node QB. A control electrode of the pull-down
transistor TD is connected to the pull-down control node
QB, a first electrode thereof is connected to the gate-off
voltage line VOFFL, and a second electrode thereof is
connected to the k+o™ light emission control line Ek+a.

The node control circuit NC controls the voltage of the
pull-up control node Q and the voltage of the pull-down
control node QB. The node control circuit NC includes a
plurality of signal input terminals. For example, the node
control circuit NC may include a start terminal START to
which a start signal is input, a clock terminal CLK to which
a clock signal is input, and a reset terminal RESET to which
a reset signal is input. In addition, the node control circuit
NC may be connected to the gate-on voltage line VONL and
the gate-off voltage line VOFFL. The start signal may be a
gate start signal or a carry signal of a front light emission
stage. The clock signal may be one of a plurality of clock
signals. The reset signal may be a carry signal of a rear light
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emission stage. The gate-on voltage line may supply the
gate-on voltage, and the gate-off voltage line may supply the
gate-off voltage. The gate-on voltage may refer to a voltage
for turning on transistors included in light emission stages,
display pixels and auxiliary pixels. The gate-off voltage may
refer to a voltage for turning off the transistors included in
the light emission stages, the display pixels and the auxiliary
pixels.

The node control circuit NC supplies the gate-on voltage
to the pull-up control node Q in response to the start signal
input to the start terminal START and supplies the gate-off
voltage to the pull-down control node QB. Therefore, the
pull-up transistor TU is turned on by the gate-on voltage of
the pull-up control node Q, and the pull-down transistor TD
is turned off by the gate-off voltage of the pull-down control
node QB. As a result, the gate-on voltage of the gate-on
voltage line VONL is output to the k+a™ light emission
control line Ek+at.

The node control circuit NC supplies the gate-off voltage
to the pull-up control node Q and the gate-on voltage to the
pull-down control node QB in response to the reset signal
input to the reset terminal RESET. Therefore, the pull-up
transistor TU is turned off by the gate-off voltage of the
pull-up control node Q, and the pull-down transistor TD is
turned on by the gate-on voltage of the pull-down control
node QB. As a result, the gate-off voltage of the gate-on
voltage line VONL is output to the k+a™ light emission
control line Ek+at.

The pull-down control node QB of the k+o™ light emis-
sion stage STAk+a is connected to the A transistor DT of the
auxiliary pixel driver 210 as shown in FIG. 5.

FIG. 6 illustrates the example in which the node control
circuit NC includes the start terminal START, the clock
terminal CLK and the reset terminal RESET. However, the
present invention is not limited thereto. In addition, for
convenience of explanation, FIG. 6 only illustrates the k+o™
light emission stage STAk+c. Each of the light emission
stages connected to the light emission control lines E1 to En
may be formed in substantially the same manner as the k+o.”
light emission stage STAk+a. In addition, each of the scan
stages connected to the scan lines S1 to Sn+1 may be formed
in a substantially similar manner to the k+o™ light emission
stage STAk+a.

FIG. 7 is a waveform diagram of signals supplied to the
display pixels and the auxiliary pixel of FIG. 5, a voltage of
the control electrode of the discharge transistor, and a
voltage of the auxiliary line. FIG. 7 illustrates a k-1” scan
signal SCANK-1 supplied to the k-1% scan line Sk-1, a k™
scan signal SCANK supplied to the k” scan line Sk, a k”
light emission control signal EMk supplied to the k* light
emission control line Ek, a voltage (V_STAk+2_QB) of a
pull-down control node STAk+2_QB of a k+2™ light emis-
sion stage connected to a k+2” light emission control line,
and a voltage (V_RL) of the auxiliary line RL. FIG. 7
illustrates the pull-down control node STAk+2_QB of the
k+2? light emission stage as an example of the pull-down
control node STAk+0,_QB of the k+a™ light emission stage
shown in FIG. 5. However, the present invention is not
limited thereto.

Referring to FIG. 7, one frame period may be divided into
first to sixth periods t1 to t6. The k-1 scan signal
SCANKk-1 may be generated as the gate-on voltage Von for
the first and second periods t1 and t2. The k® scan signal
SCANk may be generated as the gate-on voltage Von for the
third period 3. The scan signals may be sequentially gen-
erated as the gate-on voltage Von. The k™ light emission
control signal EMk may be generated as the gate-off voltage
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Voff for the second to fourth periods t2 to t4. The voltage
(V_STAk+2_QB) of the pull-down control node STAk+
2_QB of the k+2™ light emission stage may be generated as
the gate-on voltage Von for the fourth and fifth periods t4
and t5. The gate-off voltage Voff may refer to a voltage for
turning off the transistors of the display pixels and the
auxiliary pixels, and the gate-on voltage Von may refer to a
voltage for turning on the transistors of the display pixels
and the auxiliary pixels.

A driving method of the first auxiliary pixel RP1 and the
i™ display pixel DPj and a driving method of the first display
pixel DP1 are described below in detail with reference to
FIGS. 5 and 7.

First, the driving method of the first display pixel DP1 is
described in detail.

First, an on bias is applied to the first transistor T1 for the
first period t1.

In the first period t1, the k-1” scan signal SCANk-1
having a level of the gate-on voltage Von for part of the first
period t1 is supplied to the k-1 scan line Sk-1, and the k*
light emission control signal EMk having a level of the
gate-on voltage Von for all of the first period t1 is supplied
to the k™ light emission control line Fk. Therefore, the
fourth, fifth, sixth and seventh transistors T4, T5, T6, and T7
are turned on for part or all of the first period t1.

Since the fourth transistor T4 is turned on, the control
electrode of the first transistor T1 is initialized to the second
power voltage VIN2 of the second power voltage line
VINL2. Since the fifth, sixth and seventh transistors T5, T6,
and T7 are turned on, a current path is formed so that current
may flow from the third power voltage line VDDL to the
second power voltage line VINL2 through the fifth transistor
T5, the first transistor T1, the sixth transistor T6, and the
seventh transistor T7. More specifically, since the first
transistor T1 is a P type transistor, the first transistor T1 is
turned on when a voltage difference (Vgs) between the
control electrode and the first electrode of the first transistor
T1 is less than a threshold voltage Vith of the first transistor
T1 (Vgs<Vth). Since the second power voltage VIN2 is set
to be sufficiently lower than the third power voltage VDD,
a voltage difference (Vgs=VIN2-VDD) between the control
electrode and the first electrode of the first transistor T1 is
less than the threshold voltage Vth of the first transistor T1
for the first period t1. Thus, current flows through the current
path.

Therefore, since the control electrode of the first transistor
T1 is discharged to the second power voltage for the first
period t1, the on bias may be applied to the first transistor
T1. As a result, according to an exemplary embodiment of
the present invention, the on bias may be applied to the first
transistor T1 before the data voltage is supplied to the
control electrode of the first transistor T1. Therefore, image
quality degradation caused by hysteresis characteristics of
the first transistor T1 may be prevented (or reduced).

Second, the control electrode of the first transistor T1 and
the anode electrode of the organic light emitting diode
OLED are initialized for the second period t2.

For the second period 12, the k—1” scan signal SCANk-1
having a level of the gate-on voltage Von is supplied to the
k-17 scan line Sk-1, and the k” light emission control
signal EMk having a level of the gate-off voltage Voff is
supplied to the k” light emission control line Ek. Therefore,
the fourth and seventh transistors T4 and T7 are turned on
for the second period t2.

Since the fourth transistor T4 is turned on, the control
electrode of the first transistor T1 is initialized to the second
power voltage of the second power voltage line VINL2.
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Since the seventh transistor T7 is turned on, the anode
electrode of the organic light emitting diode OLED 1is
initialized to the second power voltage of the second power
voltage line VINL2.

Third, a data voltage and a threshold voltage of the control
electrode of the first transistor T1 are sampled for the third
period t3.

The k™ scan signal SCANK having a level of the gate-on
voltage Von for part of the third period t3 is supplied to the
k™ scan line Sk, so that the second and third transistors T2
and T3 are turned on for part of the third period t3.

Since the second transistor T2 is turned on, a data voltage
Vdata of the first data line D1 is supplied to the first
electrode of the first transistor T1. Since the third transistor
T3 is turned on, the control electrode and the second
electrode of the first transistor T1 are connected, so that the
first transistor T1 is driven as a diode.

Since a voltage difference (Vgs=VIN2-Vdata) between
the control electrode and the first electrode of the first
transistor T1 is less than the threshold voltage Vth, current
flows through the first transistor T1 until the voltage differ-
ence (Vgs) between the control electrode and the first
electrode of the first transistor T1 reaches the threshold
voltage Vth of the first transistor T1. Therefore, the voltage
of the control electrode of the first transistor T1 is increased
to “Vdata+Vth” for the third period 3.

Fourth, the sampling of the data voltage and the threshold
voltage of the control electrode of the first transistor T1 is
completed for the fourth period t4.

The k™ scan signal SCANK having a level of the gate-off
voltage Voff is supplied to the k™ scan line Sk for the fourth
period t4. As a result, all the transistors of the display pixel
driver 110 are turned off for the fourth period t4.

For the fourth period t4, “Vdata+Vth” corresponding to
the voltage of the control electrode of the first transistor T1
is stored in the storage capacitor Cst.

Fifth, the organic light emitting diode OLED emits light
for the fifth and sixth periods t5 and t6.

The k™ light emission control signal EMk having a level
of the gate-on voltage Von is supplied to the k™ light
emission control line Ek for the fifth and sixth periods t5 and
16, so that the fifth and sixth transistors T5 and T6 are turned
on for the fifth and sixth periods t5 and t6.

Since the fifth and sixth transistors T5 and T6 are turned
on, the driving current Ids flows through the first transistor
T1 in response to the voltage of the control electrode. Here,
the control electrode of the first transistor T1 maintains
“Vdata+Vth” by the storage capacitor Cst. The driving
current Ids flowing through the first transistor T1 may be
expressed by the following equation:

L=k (Ve V., P =k-((Vdata+Vih)- VDD-Vih)* Equation 2

In Equation 2, k' is a proportional coeflicient determined
by the structure and physical properties of the first transistor
T1, Vgs is a gate-to-source voltage of the first transistor T1,
Vth is the threshold voltage of the first transistor T1, VDD
is the third power voltage, and Vdata is the data voltage. The
voltage of the control electrode of the first transistor T1 is
“Vdata+Vth”, and a voltage Vs of the first electrode is VDD.
Equation 3 is derived from Equation 2.

1,.=k"(Vdata-VDD)? Equation 3

As shown in Equation 3, the driving current Ids does not
depend on the threshold voltage Vth of the first transistor T1.
In other words, the threshold voltage Vth of the first tran-
sistor T1 is compensated. The driving current Ids of the
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display pixel driver 110 is supplied to the organic light
emitting diode OLED, so that the organic light emitting
diode OLED emits light.

Hereinafter, the driving method of the first auxiliary pixel
RP1 and the j* display pixel DPj is described in detail.

First, an on bias is applied to the first transistor T1' for the
first period t1.

In the first period t1, the k-1" scan signal SCANk-1
having a level of the gate-on voltage Von for part of the first
period t1 is applied to the k-1” scan line Sk-1, and the k”
light emission control signal EMk having a level of the
gate-on voltage Von for all of the first period t1 is supplied
to the k™ light emission control line Ek. Therefore, the
fourth, fifth, sixth and seventh transistors T4', T5', T6', and
T7" are turned on for all or part of the first period t1.

Since the fourth transistor T4' is turned on, the control
electrode of the first transistor T1' is initialized to the second
power voltage VIN2 of the second power voltage line
VINL2. Since the fifth, sixth and seventh transistors T5', T6',
and T7" are turned on, a current path is formed so that current
may flow from the third power voltage line VDDL to the
second power voltage line VINL2 through the fifth transistor
T5', the first transistor T1', the sixth transistor T6', and the
seventh transistor T7'. Since the second power voltage VIN2
is set to be sufficiently lower than the third power voltage
VDD, a voltage difference (Vgs=VIN2-VDD) between the
control electrode and the first electrode of the first transistor
T1' is less than the threshold voltage Vth of the first
transistor T1' for the first period t1, so that current flows
through the current path.

Thus, for the first period t1, the on bias may be applied to
the first transistor T1' by discharging the control electrode of
the first transistor T1' to the second power voltage. As a
result, according to an exemplary embodiment of the present
invention, the on bias may be applied to the first transistor
T1' before the data voltage is supplied to the control elec-
trode of the first transistor T1', so that image quality deg-
radation caused by the hysteresis characteristics of the first
transistor T1' may be prevented (or reduced).

Second, the control electrode of the first transistor T1' and
the auxiliary line RL are initialized to the second power
voltage VIN2 for the second period t2.

For the second period 12, the k—1” scan signal SCANk-1
having a level of the gate-on voltage Von is supplied to the
k-1? scan line Sk-1, and the k” light emission control
signal EMk having a level of the gate-off voltage Voff is
supplied to the k” light emission control line Ek. Therefore,
the fourth transistor T4' and the seventh transistor T7' are
turned on for the second period t2.

Since the fourth transistor T4' is turned on, the control
electrode of the first transistor T1' is initialized to the second
power voltage VIN2 of the second power voltage line
VINL2. Since the seventh transistor T7' is turned on, the
auxiliary line RL is initialized to the second power voltage
VIN2 of the second power voltage line VINL2.

Third, the data voltage and the threshold voltage of the
control electrode of the first transistor T1' are sampled for
the third period t3.

The k” scan signal SCANK having a level of the gate-on
voltage Von for part of the third period t3 is supplied to the
k” scan line Sk, so that the second and third transistors T2'
and T3' are turned on for part of the third period t3.

Since the second transistor T2' is turned on, the data
voltage Vdata of the first data line D1 is supplied to the first
electrode of the first transistor T1'. Since the third transistor
T3" is turned on, the control electrode and the second
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electrode of the first transistor T1' are connected, so that the
first transistor T1' is driven as a diode.

Since the voltage difference (Vgs=VIN2-Vdata) between
the control electrode and the first electrode of the first
transistor T1' is less than the threshold voltage Vth, current
flows through the first transistor T1' until a voltage differ-
ence (Vgs) between the control electrode and the first
electrode reaches the threshold voltage Vth of the first
transistor T1'. Therefore, the voltage of the control electrode
of the first transistor T1' increases to “Vdata+Vth” for the
third period t3.

Fourth, for the fourth period t4, the sampling of the data
voltage and the threshold voltage of the control electrode of
the first transistor T1' is completed, and the auxiliary line RL
is discharged to the first power voltage.

In the fourth period t4, the k” scan signal SCANK having
a level of the gate-off voltage VofF is supplied to the k” scan
line Sk, and the voltage (V_STAk+2_QB) of the pull-down
control node STAk+2_QB of the k+2” light emission stage
having a level of the gate-on voltage Von for part of the
fourth period t4 is supplied to the control electrode of the A
transistor DT. Therefore, the A transistor DT is turned on for
part of the fourth period t4.

For the fourth period t4, “Vdata+Vth” corresponding to
the voltage of the control electrode of the first transistor T1'
is stored in the storage capacitor Cst.

Since the k™ scan line Sk and the auxiliary line RL are
formed next to each other, the fringe capacitance FC may be
formed between the k” scan line Sk and the auxiliary line
RL as illustrated in FIG. 5. Voltage variations of the k™ scan
line Sk may be reflected in the auxiliary line RL by the fringe
capacitance FC. Therefore, when the k” scan signal SCANk
increases from the gate-on voltage Von to the gate-off
voltage Voff for the fourth period t4, the changes in voltage
of the k” scan line Sk may be reflected by the fringe
capacitance FC, so that the voltage of the auxiliary line RL
may be increased by AV1.

However, since the A transistor DT is turned on for the
fourth period t4, the auxiliary line RL is connected to the
first power voltage line VINL1. Thus, even when the voltage
variation of the k™ scan line Sk is reflected in the auxiliary
line RL by the fringe capacitance FC, the auxiliary line RL
is discharged to the first power voltage VIN1.

Fifth, the auxiliary line RL is discharged to the first power
voltage for the fifth period t5.

For the fifth period t5, the k™ light emission control signal
EMk having a level of the gate-on voltage Von is supplied
to the k™ light emission control line Ek, and the voltage
(V_STAk+2_QB) of the pull-down control node STAk+
2_QB of the k+2™ light emission stage having a level of the
gate-on voltage Von is supplied to the control electrode of
the A transistor DT. Therefore, the fifth and sixth transistors
T5'and T6' and the A transistor DT are turned on for the fifth
period t5.

Since the fifth and sixth transistors T5' and T6' are turned
on, the driving current Ids’ flows through the first transistor
T1 in response to the voltage of the control electrode. The
control electrode of the first transistor T1' maintains the
“Vdata+Vth” by the storage capacitor Cst. The driving
current Ids” flowing through the first transistor T1' may be
expressed by Equation 2. In addition, Equation 3 is derived
from Equation 2.

As shown in Equation 3, the driving current Ids” does not
depend on the threshold voltage Vth of the first transistor
T1'. In other words, the threshold voltage Vth of the first
transistor T1' is compensated.



US 9,984,631 B2

25

Since the A transistor DT is turned on for the fifth period
t5, the driving current Ids of the auxiliary pixel driver 210
is discharged to the first power voltage line VINL1 through
the A transistor DT. Therefore, the organic light emitting
diode OLED of the i display pixel DPj does not emit light
for the fifth period t5.

Since the auxiliary line RL overlaps with the anode
electrodes of the organic light emitting diodes OLEDs of the
display pixels DP1, the parasitic capacitances PC may be
formed between the auxiliary line RL and the anode elec-
trodes of the organic light emitting diodes OLEDs of the
display pixels DP1 as shown in FIG. 5. Voltage variations of
the anode electrodes of the organic light emitting diodes
OLEDs may be reflected in the auxiliary line RL by the
parasitic capacitance PC. Driving currents are supplied to
the anode electrodes of the organic light emitting diodes
OLED:s of the display pixels DP1 by the k™ light emission
control signal EMk having a level of the gate-on voltage Von
for the fifth period t5. Therefore, the voltage variations of the
anode electrodes of the organic light emitting diodes OLEDs
of the display pixels DP1 may be reflected in the auxiliary
line RL by the parasitic capacitance PC to increase the
voltage of the auxiliary line RL by AV2. However, since the
auxiliary line RL is connected to the first power voltage line
VINL1 for the fifth period t5, the auxiliary line RL is
discharged to the first power voltage VIN1 even when the
voltage variations of the anode electrodes of the organic
light emitting diodes OLEDs of the display pixels DP1 are
reflected by the parasitic capacitances PC.

Sixth, the organic light emitting diode OLED emits light
for the sixth period t6.

For the sixth period t6, the k™ light emission control
signal EMk having a level of the gate-on voltage Von is
supplied to the k” light emission control line Ek, and the
voltage (V_STAk+2_QB) of the pull-down control node
STAk+2_QB of the k+2” light emission stage having a level
of the gate-off voltage Voff is supplied to the control
electrode of the A transistor DT. Therefore, for the sixth
period t6, the fifth and sixth transistors T5' and T6' are turned
on, and the A transistor DT is turned off.

Since the A transistor DT is turned off and the fifth and
sixth transistors T5' and T6' are turned on, the driving
current Ids” of the auxiliary pixel driver 210 is supplied to
the organic light emitting diode OLED of the i display
pixel DPj through the auxiliary line RL. Therefore, the
organic light emitting diode OLED of the j* display pixel
DPj emits light.

As described above, according to an exemplary embodi-
ment of the present invention, the voltage of the auxiliary
line RL may be prevented (or protected) from being changed
by the parasitic capacitances PC and the fringe capacitance
FC. As a result, according to an exemplary embodiment of
the present invention, the organic light emitting diode OLED
of the j* display pixel DPj may be prevented (or protected)
from emitting light in error by the parasitic capacitances PC
and the fringe capacitance FC.

FIG. 8 1s a detailed circuit diagram illustrating display
pixels and an auxiliary pixel according to another exemplary
embodiment of the present invention. For convenience of
explanation, FIG. 8 illustrates only the k-1? and k” scan
lines Sk-1 and Sk, the first auxiliary data line RD1, the first
and j* data lines D1 and Dj, and the k* and k+o™ light
emission control lines Ek and Ek+c. In addition, for con-
venience of explanation, FIG. 8 illustrates only the first
auxiliary pixel RP1 connected to the first auxiliary data line
RD1, the first display pixel DP1 connected to the first data
line D1, and the j* display pixel DPj connected to the i data
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line Dj. In FIG. 8, the first display pixel DP1 refers to a pixel
in which a defect does not occur during the manufacturing
process, and the i display pixel DPj is a pixel in which a
defect occurs during the manufacturing process and is
repaired.

Referring to FIG. 8, the first auxiliary pixel RP1 is
connected to the i display pixel DPj through the auxiliary
line RL. The auxiliary line RL is connected to the first
auxiliary pixel RP1 and extends from the first auxiliary pixel
RP1 to the display area DA to cross the display pixels DP1
and DPj. More specifically, as shown in FIG. 8, the auxiliary
line RL may cross the anode electrodes of the organic light
emitting diodes OLEDs of the display pixels DP1 and DPj.

The auxiliary line RL may be connected to the organic
light emitting diode OLED of the j* display pixel DPj. In
this example, the display pixel driver 110 and the organic
light emitting diode OLED of the i display pixel DPj may
be disconnected from each other.

Each of the display pixels DP1 and DPj includes the
organic light emitting diode OLED and the display pixel
driver 110. The display pixels DP1 and DP;j illustrated in
FIG. 8 are substantially the same as the display pixels DP1
and DPj illustrated in FIG. 5, respectively. Therefore, a
detailed description of the display pixels DP1 and DPj
shown in FIG. 8 is omitted.

The first auxiliary pixel RP1 includes the auxiliary pixel
driver 210, the A transistor DT, and an inverter INV. The first
auxiliary pixel RP1 does not include the organic light
emitting diode OLED. The auxiliary pixel driver 210 of the
first auxiliary pixel RP1, shown in FIG. 8, is substantially
the same as the auxiliary pixel driver 210 of the first
auxiliary pixel RP1, shown in FIG. 5. Thus, a detailed
description of the auxiliary pixel driver 210 of the first
auxiliary pixel RP1 as shown in FIG. 8 is omitted.

The A transistor DT is connected to the auxiliary line RL
and the first power voltage line VINL1 to which the first
power voltage is supplied. The A transistor DT is turned on
by the control electrode of the A transistor DT to connect the
auxiliary line RL and the first power voltage line VINLI.
Therefore, the voltage of the auxiliary line RL is discharged
to the first power voltage. In other words, the A transistor DT
functions to discharge the auxiliary line RL. The control
electrode of the A transistor DT is connected to an output
terminal of the inverter INV, the first electrode is connected
to the auxiliary line RL, and the second electrode is con-
nected to the first power voltage line VINLI.

The inverter INV is connected to the k+a light emission
control line Ek+o and the control electrode of the A tran-
sistor DT. In other words, an input terminal of the inverter
INV is connected to the k+o light emission control line
Ek+ca., and the output terminal thereof is connected to the
control electrode of the A transistor DT. The inverter INV
inverts a light emitting signal of the k+a™ light emission
control line Ek+a and supplies an inverted light emitting
signal to the control electrode of the A transistor DT.

FIG. 9 is a waveform view of signals supplied to the
display pixels and the auxiliary pixels shown in FIG. 8, a
voltage of the control electrode of the discharge transistor,
and a voltage of the auxiliary line. FIG. 9 illustrates the
k-1 scan signal SCANk-1 supplied to the k-1” scan line
Sk-1, the k” scan signal SCANK supplied to the k” scan line
Sk, the k” light emission control signal EMk supplied to the
k? light emission control line Ek, a k+1? light emission
control signal EMk+1 supplied to a k+1% light emission
control line Ek+1, a voltage (V_DTG) of the control elec-
trode of the A transistor DT, and the voltage (V_RL) of the
auxiliary line RL. FIG. 9 illustrates the k+1? light emission



US 9,984,631 B2

27

control line Ek+1 as an example of the k+o™ light emission
control line Ek+a shown in FIG. 9. However, the present
invention is not limited thereto.

The k-17 scan signal SCANk-1, the k” scan signal
SCANK, and the k” light emission contro] signal EMk as
shown in FIG. 9 are substantially the same as the k-1% scan
signal SCANKk-1, the k™ scan signal SCANK, the k? light
emission control signal EMk as shown in FIG. 7, respec-
tively. Therefore, a detailed description of the k—-1” scan
signal. SCANk-1, the k” scan signal SCANK, and the k™
light emission control signal EMk is omitted. The k+17 light
emission control signal EMk+1 is generated to have a level
of the gate-off voltage Voff for the third to fifth periods 3 to
t5.

Hereinafter, a driving method of the first auxiliary pixel
RP1 and the j* display pixel DPj and a driving method of the
first display pixel DP1 are described in detail with reference
to FIGS. 8 and 9.

First, the driving method of the first display pixel DP1
described with reference to FIGS. 8 and 9 is substantially the
same as the driving method of the first display pixel DP1 as
illustrated in FIGS. 5 and 7. Therefore, a detailed description
of the driving method of the first display pixel DP1 as
illustrated in FIGS. 8 and 9 is omitted.

Subsequently, the driving method of the first auxiliary
pixel RP1 and the i display pixel DPj is described in detail.

First, an on bias is applied to the first transistor T1 for the
first period t1.

In the first period t1, the k=17 scan signal SCANk-1
having a level of the gate-on voltage Von for part of the first
period t1 is supplied to the k—1” scan line Sk-1, the k™ light
emission control signal EMk having a level of the gate-on
voltage Von for all of the first period t1 is supplied to the k*
light emission control line Ek, and the k+1% light emission
control signal EMk+1 having a level of the gate-on voltage
Von for all of the first period t1 is supplied to the k+1% light
emission control line Ek+1. Therefore, the fourth, fifth, sixth
and seventh transistors T4', T5', T6', and T7' are turned on
for all or part of the first period t1. In addition, since the
k+1? light emission control signal EMk+1 having a level of
the gate-on voltage Von is inverted and supplied to the
control electrode of the A transistor DT by the inverter INV
for the first period t1, the A transistor DT is turned off.

Since the fourth transistor T4' is turned on, the control
electrode of the first transistor T1' is initialized to the second
power voltage VIN2 of the second power voltage line
VINL2. Since the fifth, sixth and seventh transistors T5', T6',
and T7" are turned on, a current path is formed so that current
may flow from the third power voltage line VDDL to the
second power voltage line VINL2 through the fifth transistor
T5', the first transistor T1', the sixth transistor T6', and the
seventh transistor T7'. Since the second power voltage VIN2
is set to be sufficiently lower than the third power voltage
VDD, the voltage difference (Vgs=VIN2-VDD) between
the control electrode and the first electrode of the first
transistor T1' is smaller than the threshold voltage Vth of the
first transistor T1' for the first period t1, so that current flows
through the current path.

Therefore, the control electrode of the first transistor T1'
is discharged to the second power voltage, so that the on bias
may be applied to the first transistor T1' for the first period
tl. As a result, according to an exemplary embodiment of the
present invention, the on bias may be applied to the first
transistor T1' before the data voltage is supplied to the
control electrode of the first transistor T1'. Therefore, image
quality degradation caused by hysteresis characteristics of
the first transistor T1' may be prevented (or reduced).
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Second, the control electrode of the first transistor T1' and
the auxiliary line RL are initialized to the second power
voltage VIN2 for the second period t2.

For the second period t2, the k-17 scan signal SCANk-1
having a level of the gate-on voltage Von is supplied to the
k-1? scan line Sk-1, the k™ light emission control signal
EMk having a level of the gate-off voltage Voff is supplied
to the k™ light emission control line Ek, and the k+17 light
emission control signal EMk+1 having a level of the gate-on
voltage Von is supplied to the k+17 light emission control
line Ek+1. Thus, the fourth transistor T4' and the seventh
transistor T7" are turned on for the second period 2. In
addition, since the k+1” light emission control signal
EMk+1 having a level of the gate-on voltage Von is inverted
and supplied to the control electrode of the A transistor DT
by the inverter INV for the second period 12, the A transistor
DT is turned off.

Since the fourth transistor T4' is turned on, the control
electrode of the first transistor T1' is initialized to the second
power voltage VIN2 of the second power voltage line
VINL2. Since the seventh transistor T7' is turned on, the
auxiliary line RL is initialized to the second power voltage
VIN2 of the second power voltage line VINL2.

A data voltage and a threshold voltage of the control
electrode of the first transistor T1' are sampled for the third
period t3.

In the third period t3, the k™ scan signal SCANKk having
alevel of the gate-on voltage Von for part of the third period
t3 is supplied to the k™ scan line Sk, and the k+17 light
emission control signal EMk+1 having a level of the gate-off
voltage Voff for part of the third period t3 is supplied to the
k+17 light emission control line Ek+1, so that the second
and third transistors T2' and T3' are turned on for part of the
third period t3. In addition, since the k+1% light emission
control signal EMk+1 having a level of the gate-off voltage
Voff is inverted and supplied to the control electrode of the
A transistor DT by the inverter INV for the third period 3,
the A transistor DT is turned on for all of the third period t3.

Since the second transistor T2' is turned on, the data
voltage Vdata of the first data line D1 is supplied to the first
electrode of the first transistor T1'. Since the third transistor
T3' is turned on, the control electrode and the second
electrode of the first transistor T1' are connected. Therefore,
the first transistor T1' is driven as a diode.

Since the voltage difference (Vgs=VIN2-Vdata) between
the control electrode and the first electrode of the first
transistor T1' is less than the threshold voltage Vth, current
flows through the first transistor T1' until the voltage dif-
ference (Vgs) between the control electrode and the first
electrode reaches the threshold voltage Vth of the first
transistor T1'. Therefore, the voltage of the control electrode
of the first transistor T1' reaches “Vdata+Vth” for the third
period t3.

Since the A transistor DT is turned on, the auxiliary line
RL is connected to the first power voltage line VINLI.
Therefore, the auxiliary line RL is discharged to the first
power voltage VINI.

Fourth, for the fourth period t4, the sampling of the data
voltage and the threshold voltage of the control electrode of
the first transistor T1' is completed, and the auxiliary line RL.
is discharged to the first power voltage.

For the fourth period td, the k” scan signal SCANK having
a level of the gate-off voltage VofF is supplied to the k” scan
line Sk, and the k+1% light emission contro] signal EMk+1
having a level of the gate-off voltage Voff is supplied to the
k+1? light emission control line Ek+1. The k+1? light
emission control signal EMk+1 having a level of the gate-off
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voltage Voff is inverted and supplied to the control electrode
of the A transistor DT by the inverter INV for the fourth
period t4, so that the A transistor DT is turned on.

For the fourth period t4, “Vdata+Vth” corresponding to
the voltage of the control electrode of the first transistor T1'
is stored in the storage capacitor Cst.

Since the k™ scan line Sk and the auxiliary line RI are
formed next to each other, the fringe capacitance FC may be
formed between the k” scan line Sk and the auxiliary line
RL as shown in FIG. 9. Voltage variations of the k™ scan line
Sk may be reflected in the auxiliary line RL by the fringe
capacitance FC. Therefore, when the k? scan signal SCANk
increases from the gate-on voltage Von to the gate-off
voltage Voff for the fourth period 4, the voltage variations
of the k™ scan line Sk may be reflected in the auxiliary line
RL by the fringe capacitance FC, so that the voltage of the
auxiliary line RL may be increased by AV1.

However, since the A transistor DT is turned on for the
fourth period t4, the auxiliary line RL is connected to the
first power voltage line VINLI1. Therefore, even when the
voltage variations of the k” scan line Sk are reflected in the
auxiliary line RL by the fringe capacitance FC, the auxiliary
line RL is discharged to the first power voltage VINI.

Fifth, the auxiliary line RL is discharged to the first power
voltage for the fifth period t5.

For the fifth period t5, the k™ light emission control signal
EMk having a level of the gate-on voltage Von is supplied
to the k™ light emission control line Ek, and the k+1? light
emission control signal EMk+1 having a level of the gate-off
voltage Voff is supplied to the k+17 light emission control
line Ek+1, so that the fifth and sixth transistors T5' and T6'
and the A transistor DT are turned on for the fifth period t5.
In addition, the k+1” light emission control signal EMk+1
having a level of the gate-off voltage Voff is inverted and
supplied to the control electrode of the A transistor DT by
the inverter INV for the fifth period t5, so that the A
transistor DT is turned on.

Since the fifth and sixth transistors T5' and T6' are turned
on, the driving current Ids” flows through the first transistor
T1' in response to the control electrode. The control elec-
trode of the first transistor T1' maintains “Vdata+Vth” by the
storage capacitor Cst. The driving current Ids’ flowing
through the first transistor T1' may be expressed according
to Equation 2. In addition, Equation 3 is derived from
Equation 2.

As shown in Equation 3, the driving current Ids” does not
depend on the threshold voltage Vth of the first transistor
T1'. In other words, the threshold voltage Vth of the first
transistor T1' is compensated.

Since the A transistor DT is turned on for the fifth period
t5, the driving current Ids of the auxiliary pixel driver 210
is discharged to the first power voltage line VINL1 through
the A transistor DT. Therefore, the organic light emitting
diode OLED of the j* display pixel DPj does not emit light
for the fifth period t5.

Since the auxiliary line RL overlaps with the anode
electrodes of the organic light emitting diodes OLEDs of the
display pixels DP1, the parasitic capacitances PC may be
formed between the auxiliary line R and the anode elec-
trodes of the organic light emitting diodes OLEDs of the
display pixels DP1 as shown in FIG. 9. Voltage variations of
the anode electrodes of the organic light emitting diodes
OLEDs may be reflected in the auxiliary line RL by the
parasitic capacitance PC. Since driving currents are supplied
to the anode electrodes of the organic light emitting diodes
OLEDs of the display pixels DP1 by the k™ light emission
control signal EMk having a level of the gate-on voltage Von
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for the fifth period t5, the voltage variations of the anode
electrodes of the organic light emitting diodes OLEDs of the
display pixels DP1 may be reflected in the auxiliary line RL
by the parasitic capacitance PC, so that the voltage of the
auxiliary line RL may be increased by AV2. However, since
the auxiliary line RL is connected to the first power voltage
line VINL1 for the fifth period t5, the auxiliary line RL is
discharged to the first power voltage VIN1 even when the
voltage variations of the anode electrodes of the organic
light emitting diodes OLEDs of the display pixels DP1 are
reflected by the parasitic capacitance PC.

Sixth, the organic light emitting diode OLED emits light
for the sixth period t6.

For the sixth period t6, the k* light emission control
signal EMk having a level of the gate-on voltage Von is
supplied to the k™ light emission control line Ek, and the
k+1? light emission control signal EMk+1 having a level of
the gate-on voltage Von is supplied to the k+1™ light
emission control line Ek+1, so that the fifth and sixth
transistors T5' and T6' are turned on for the sixth period t6.
In addition, the k+1” light emission control signal EMk+1
having a level of the gate-on voltage Von is inverted and
supplied to the control electrode of the A transistor DT by
the inverter INV, so that the A transistor DT is turned off.

Since the A transistor DT is turned off and the fifth and
sixth transistors T5' and T6' are turned on, the driving
current Ids” of the auxiliary pixel driver 210 is supplied to
the organic light emitting diode OLED of the j* display
pixel DPj through the auxiliary line RL. Therefore, the
organic light emitting diode OLED of the i display pixel
DPj emits light.

As described above, according to an exemplary embodi-
ment of the present invention, the voltage of the auxiliary
line RL may be prevented (or protected) from being changed
by the parasitic capacitances PC and the fringe capacitance
FC. As a result, according to an exemplary embodiment of
the present invention, the organic light emitting diode OLED
of the j* display pixel DPj may be prevented (or protected)
from emitting light by the parasitic capacitances PC and the
fringe capacitance FC.

FIG. 10 is a detailed circuit diagram illustrating display
pixels and an auxiliary pixel according to another exemplary
embodiment of the present invention. For convenience of
explanation, FIG. 10 illustrates only the k-17 and k™ scan
lines Sk-1 and Sk, the first auxiliary data line RD1, the first
and j* data lines D1 and Dj, and the k* and k+a? light
emission control lines Ek and Ek+c. In addition, for con-
venience of explanation, FIG. 10 illustrates the first auxiliary
pixel RP1 connected to the first auxiliary data line RD1, the
first display pixel DP1 connected to the first data line D1,
and the i display pixel DPj connected to the j” data line D;j.
In FIG. 10, it is shown as an example that a defect does not
occur in the first display pixel DP1 during the manufacturing
process, and a defect occurs in the * display pixel DP;j
during the manufacturing process and is repaired.

With reference to FIG. 10, the first auxiliary pixel RP1 is
connected to the i display pixel DPj through the auxiliary
line RL. The auxiliary line RL is connected to the first
auxiliary pixel RP1 and extends from the first auxiliary pixel
RP1 to the display area DA to cross the display pixels DP1
and DPj. More specifically, the auxiliary line RL. may cross
the anode electrodes of the organic light emitting diodes
OLED:s of the display pixels DP1 and DP;j as shown in FIG.
10.

The auxiliary line RL may be connected to the organic
light emitting diode OLED of the j* display pixel DPj. In
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this example, the display pixel driver 110 and the organic
light emitting diode OLED of the % display pixel DPj may
be disconnected.

Each of the display pixels DP1 and DPj includes the
organic light emitting diode OLED and the display pixel
driver 110. The display pixels DP1 and DPj as shown in FIG.
10 are substantially the same as the display pixels DP1 and
DPj shown in FIG. 5. Thus, a detailed description of the
display pixels DP1 and DPj shown in FIG. 10 is omitted.

The first auxiliary pixel RP1 includes the auxiliary pixel
driver 210, the A transistor DT, the B transistor (or auxiliary
control transistor) DCT, and the resistor R. The first auxil-
iary pixel RP1 does not include the organic light emitting
diode OLED. The auxiliary pixel driver 210 of the first
auxiliary pixel RP1 as shown in FIG. 10 is substantially the
same as the auxiliary pixel driver 210 of the first auxiliary
pixel RP1 as shown in FIG. 5. Thus, a detailed description
of the auxiliary pixel driver 210 of the first auxiliary pixel
RP1 shown in FIG. 10 is omitted.

The A transistor DT is connected to the first power voltage
line VINL1 supplied to the auxiliary line RL and the first
power voltage. The A transistor DT is turned on by the
voltage supplied to the control electrode of the A transistor
DT to connect the auxiliary line RL and the first power
voltage line VINL1. Therefore, the voltage of the auxiliary
line RL is discharged to the first power voltage. In other
words, the A transistor DT functions to discharge the aux-
iliary line RL. The control electrode of the A transistor DT
may be connected to the B transistor DCT and the resistor
R, the first electrode thereof may be connected to the
auxiliary line RL, and the second electrode thereof may be
coupled to the first power voltage line VINL1.

The B transistor DCT is connected to the control electrode
of the A transistor DT and the gate-off voltage line VOFFL
to which the gate-off voltage is supplied. The B transistor
DCT is turned on by the k+a™ a light emission control signal
of the k+a™ light emission control line Ek+c. to connect the
control electrode of the A transistor DT and the gate-off
voltage line VOFFL. The control electrode of the B tran-
sistor DCT is connected to the k+o™ light emission control
line Ek+a., the first electrode is connected to the control
electrode of the A transistor DT, and the second electrode
thereof is connected to the gate-off voltage line VOFFL.

The resistor R may be formed between the control elec-
trode of the A transistor DT and the gate-on voltage line
VONL to which the gate-on voltage is supplied.

The signals supplied to the display pixels DP1 and DPj
and the first auxiliary pixel RP1 as shown in FIG. 10 are
substantially the same as those shown in FIG. 9. Hereinafter,
a driving method of the first auxiliary pixel RP1 and the j*
display pixel DPj and a driving method of the first display
pixel DP1 are described in detail with reference to FIGS. 9
and 10.

First, the driving method of the first display pixel DP1
shown in FIGS. 9 and 10 is substantially the same as the
driving method of the first display pixel DP1 shown in FIGS.
5 and 7. Thus, a detailed description of the driving method
of the first display pixel DP1 shown in FIGS. 9 and 10 is
omitted.

Subsequently, the driving method of the first auxiliary
pixel RP1 and the j display pixel DP;j is described in detail.

In the first period 1, the k-1% scan signal SCANk-1
having a level of the gate-on voltage Von for part of the first
period t1 is supplied to the k-1 scan line Sk-1, the k™ light
emission control signal EMk having a level of the gate-on
voltage Von for all of the first period t1 is supplied to the k”
light emission control line Ek, and the k+17 light emission
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control signal EMk+1 having a level of the gate-on voltage
Von for all of the first period t1 is supplied to the k+1% light
emission control line Ek+1, so that the fourth, fifth, sixth and
seventh transistors T4', T5', T6', and T7' are turned on for all
or part of the first period t1. In addition, since the B transistor
DCT is turned on for the first period t1, the gate-off voltage
is supplied to the control electrode of the A transistor DT, so
that the A transistor DT is turned off.

Since the fourth transistor T4' is turned on, the control
electrode of the first transistor T1' is initialized to the second
power voltage VIN2 of the second power voltage line
VINL2. Since the fifth to seventh transistors T5', T6', and T7'
are turned on, a current path is formed so that current may
flow from the third power voltage line VDDL to the second
power voltage line VINL2 through the fifth transistor T5',
the first transistor T1', the sixth transistor T6', and the
seventh transistor T7'. Since the second power voltage VIN2
is set to be sufficiently lower than the third power voltage
VDD, the voltage difference (Vgs=VIN2-VDD) between
the control electrode and the first electrode of the first
transistor T1' is less than the threshold voltage Vth of the
first transistor T1' for the first period t1, so that current flows
through the current path.

Thus, the on bias may be applied to the first transistor T1'
by discharging the control electrode of the first transistor T1'
to the second power voltage for the first period t1. As a
result, according to an exemplary embodiment of the present
invention, the on bias may be applied to the first transistor
T1' before the data voltage is supplied to the control elec-
trode of the first transistor T1', so that image quality deg-
radation caused by the hysteresis characteristics of the first
transistor T1' may be prevented (or reduced).

Second, the control electrode of the first transistor T1' and
the auxiliary line RL are initialized to the second power
voltage VIN2 for the second period t2.

For the second period 12, the k—17 scan signal SCANk-1
having a level of the gate-on voltage Von is supplied to the
k=17 scan line Sk-1, the k™ light emission control signal
EMKk having a level of the gate-off voltage Voff is supplied
to the k™ light emission control line Ek, and the k+1? light
emission control signal EMk+1 having a level of the gate-on
voltage Von is supplied to the k+1% light emission control
line Ek+1. Therefore, the fourth transistor T4' and the
seventh transistor T7" are turned on for the second period t2.
In addition, since the B transistor DCT is turned on for the
second period t2, the gate-off voltage is applied to the
control electrode of the A transistor DT. Therefore, the A
transistor DT is turned off.

Since the fourth transistor T4' is turned on, the control
electrode of the first transistor T1' is initialized to the second
power voltage VIN2 of the second power voltage line
VINL2. Since the seventh transistor T7' is turned on, the
auxiliary line RL is initialized to the second power voltage
VIN2 of the second power voltage line VINL2.

Third, a data voltage and a threshold voltage of the control
electrode of the first transistor T1' are sampled for the third
period t3.

In the third period t3, the k” scan signal SCANk having
a level of the gate-on voltage Von for part of the third period
t3 is supplied to the k” scan line Sk, and the k+1 light
emission control signal EMk+1 having a level of the gate-off
voltage Voff for part of the third period t3 is supplied to the
k+17 light emission control line Ek+1. Thus, the second and
third transistors T2' and T3' are turned on for part of the third
period t3. In addition, since the B transistor DCT is turned



US 9,984,631 B2

33

off for the third period t3, the gate-on voltage is supplied to
the control electrode of the A transistor DT, so that the A
transistor DT is turned on.

Since the second transistor T2' is turned on, the auxiliary
data voltage Vdata of the auxiliary data line RD1 is supplied
to the first electrode of the first transistor T1'. Since the third
transistor T3' is turned on to connect the control electrode
and the second electrode of the first transistor T1', the first
transistor T1' is driven as a diode.

Since the voltage difference (Vgs=VIN2-Vdata) between
the control electrode and the first electrode of the first
transistor T1' is less than the threshold voltage Vth, current
flows through the first transistor T1' until the voltage dif-
ference (Vgs) between the control electrode and the first
electrode reaches the threshold voltage Vth of the first
transistor T1'. Therefore, the voltage of the control electrode
of the first transistor T1' increases to “Vdata+Vth” for the
third period t3.

Since the A transistor DT is turned on, the auxiliary line
RL is connected to the first power voltage line VINLI.
Therefore, the auxiliary line RL is discharged to the first
power voltage VIN1.

Fourth, for the fourth period t4, the sampling of the data
voltage and the threshold voltage of the control electrode of
the first transistor T1' is completed, and the auxiliary line RL,
is discharged to the first power voltage.

For the fourth period t4, the k™ scan signal SCANK having
a level of the gate-off voltage Voff is supplied to the k™ scan
line Sk, and the k+1? light emission control signal EMk+1
having a level of the gate-off voltage Voff is supplied to the
k+1 th light emission control line Fk+1. Since the B tran-
sistor DCT is turned off for the fourth period t4, the gate-on
voltage is supplied to the control electrode of the A transistor
DT, so that the A transistor DT is turned on.

For the fourth period t4, “Vdata+Vth” corresponding to
the voltage of the control electrode of the first transistor T1'
is stored in the storage capacitor Cst.

Since the k™ scan line Sk and the auxiliary line RL are
formed next to each other, the fringe capacitance FC may be
formed between the k™ scan line Sk and the auxiliary line
RL as shown in FIG. 10. Voltage variations of the k” scan
line Sk may be reflected in the auxiliary line RL by the fringe
capacitance FC. Therefore, when the k™ scan signal SCANk
increases from the gate-on voltage Von to the gate-off
voltage Voff for the fourth period 4, the voltage variations
of the k™ scan line Sk may be reflected in the auxiliary line
RL by the fringe capacitance FC, so that the voltage of the
auxiliary line RL may be increased by AV1.

However, since the A transistor DT is turned on for the
fourth period t4, the auxiliary line RL is connected to the
first power voltage line VINL1. Therefore, even when the
voltage variations of the k™ scan line Sk are reflected in the
auxiliary line RL by the fringe capacitance FC, the auxiliary
line RL is discharged to the first power voltage VINI.

Fifth, the auxiliary line RL is discharged to the first power
voltage for the fifth period t5.

For the fifth period t5, the k™ light emission control signal
EMKk having a level of the gate-on voltage Von is supplied
to the k? light emission control line Ek, and the k+17 light
emission control signal EMk+1 having a level of the gate-off
voltage Voff is supplied to the k+17 light emission control
line Ek+1, so that the fifth and sixth transistors T5' and T6'
and the A transistor DT are turned on for the fifth period t5.
In addition, since the B transistor DCT is turned off for the
fifth period t5, the gate-on voltage is supplied to the control
electrode of the A transistor DT. Therefore, the A transistor
DT is turned on.
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Since the fifth and sixth transistors T5' and T6' are turned
on, the driving current Ids” flows through the first transistor
T1 in response to the voltage of the control electrode thereof.
The control electrode of the first transistor T1' maintains
“Vdata+Vth” by the storage capacitor Cst. The driving
current Ids” flowing through the first transistor T1' may be
expressed by Equation 2. In addition, Equation 3 is derived
from Equation 2.

As shown in Equation 3, the driving current Ids” does not
depend on the threshold voltage Vth of the first transistor
T1'. In other words, the threshold voltage Vth of the first
transistor T1' is compensated.

Since the A transistor DT is turned on for the fifth period
t5, the driving current Ids of the auxiliary pixel driver 210
is discharged to the first power voltage line VINLI through
the A transistor DT. Therefore, the organic light emitting
diode OLED of the * display pixel DPj does not emit light
for the fifth period t5.

Since the auxiliary line RL overlaps with the anode
electrodes of the organic light emitting diodes OLEDs of the
display pixels DP1, the parasitic capacitance PC may be
formed between the auxiliary line RL and the anode elec-
trodes of the organic light emitting diodes OLEDs of the
display pixels DP1 as shown in FIG. 10. Voltage variations
of the anode electrodes of the organic light emitting diodes
OLEDs may be reflected in the auxiliary line RL by the
parasitic capacitance PC. Driving currents are supplied to
the anode electrodes of the organic light emitting diodes
OLEDs of the display pixels DP1 by the k™ light emission
control signal EMk having a level of the gate-on voltage Von
for the fifth period t5. Therefore, the voltage variations of the
anode electrodes of the organic light emitting diodes OLEDs
of the display pixels DP1 may be reflected in the auxiliary
line RL by the parasitic capacitance PC to increase the
voltage of the auxiliary line RL by AV2. However, since the
auxiliary line RL is connected to the first power voltage line
VINL1 for the fifth period t5, the auxiliary line RL is
discharged to the first power voltage VIN1 even when the
voltage variations of the anode electrodes of the organic
light emitting diodes OLEDs of the display pixels DP1 are
reflected by the parasitic capacitances PC.

Sixth, the organic light emitting diode OLED emits light
for the sixth period t6.

For the sixth period 16, the k” light emission control
signal EMk having a level of the gate-on voltage Von is
supplied to the k” light emission control line Ek, and the k+1
light emission control signal EMk+1 having a level of the
gate-on voltage Von is supplied to the k+1? light emission
control line Ek+1, so that the fifth and sixth transistors T5'
and T6' are turned on for the sixth period t6. In addition,
since the B transistor DCT is turned on for the sixth period
16, the gate-off voltage is supplied to the control electrode of
the A transistor DT, so that the A transistor DT is turned off.

Since the A transistor DT is turned off and the fifth and
sixth transistors T5' and T6' are turned on, the driving
current Ids’ of the auxiliary pixel driver 210 flows through
the organic light emitting diode OLED of the i display
pixel DPj through the auxiliary line RL. Therefore, the
organic light emitting diode OLED of the j display pixel
DPj emits light.

As described above, according to an exemplary embodi-
ment of the present invention, the voltage of the auxiliary
line R may be prevented (or protected) from being changed
by the parasitic capacitances PC and the fringe capacitance
FC. As a result, according to an exemplary embodiment of
the present invention, the organic light emitting diode OLED
of the j* display pixel DPj may be prevented (or protected)
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from emitting light in error by the parasitic capacitances PC
and the fringe capacitance FC.

FIG. 11 is a detailed block diagram illustrating display
pixels, auxiliary pixels, auxiliary lines, auxiliary data lines,
and a second data driver according to another exemplary
embodiment of the present invention. For convenience of
explaining display panel 10, FIG. 11 illustrates only the
display pixels DP, the auxiliary pixels RP, the auxiliary lines
RL, the auxiliary data lines RD1 and RD2, and the second
data driver 40.

The display pixels DP, the auxiliary pixels RP, and the
auxiliary data lines RD1 and RD2 shown in FIG. 11 are
substantially the same as the display pixels DP, the auxiliary
pixels RP, and the auxiliary data lines RD1 and RD2 shown
in FIG. 2, respectively. Therefore, a detailed description of
the display pixels DP, the auxiliary pixels RP, and the
auxiliary data lines RD1 and RD2 shown in FIG. 11 is
omitted.

The auxiliary line RL is connected to the auxiliary pixel
RP and extends from the auxiliary pixel RP to the display
area DA to cross the display pixels DP. For example, the
auxiliary line RL is connected to the auxiliary pixel RP in a
p+p™ row (where B is a positive integer) and crosses the
display pixels DP in a p” row. FIG. 11 illustrates a p+1? row
as the p+p* row. The auxiliary line RL may cross the anode
electrodes of the organic light emitting diodes OLEDs of the
display pixels DP.

The auxiliary line R, may be connected to one of the
display pixels DP of the display area DA. The display pixel
DP connected to the auxiliary line RL corresponds to a
defective pixel to be repaired. In FIG. 11, the display pixel
DP connected to the auxiliary line RL is defined as the
repaired pixel RDP1/RDP2. More specifically, the auxiliary
line RL may be connected to the anode electrode of the
organic light emitting diode OLED of the repaired pixel
RDP1/RDP2. The display pixel driver 110 and the organic
light emitting diode OLED of the repaired pixel RDP1/
RDP2 are disconnected from each other.

The second data driver 40 includes the auxiliary data
output unit 41, the auxiliary data conversion unit 42, the
memory 43 and the auxiliary data voltage conversion unit
44. The auxiliary data output unit 41, the auxiliary data
conversion unit 42, the memory 43 and the auxiliary data
voltage conversion unit 44 as shown in FIG. 11 are substan-
tially the same as the auxiliary data output unit 41, the
auxiliary data conversion unit 42, the memory 43 and the
auxiliary data voltage conversion unit 44 of the second data
driver 40 described above in connection with FIGS. 2 and 3,
respectively. Therefore, a detailed description of the auxil-
iary data output unit 41, the auxiliary data conversion umt
42, the memory 43 and the auxiliary data voltage conversion
unit 44, shown in FIG. 11, is omitted.

However, since the auxiliary line RL is connected to the
auxiliary pixel RP in a p+p™ is row (where B is a positive
integer) and crosses the display pixels DP in a p” row, the
auxiliary data voltage conversion unit 44 delays auxiliary
data voltages by a P horizontal period and supplies the
delayed auxiliary data voltages to the auxiliary data lines
RD1 and RD2. In other words, the auxiliary data voltage
supplied to the auxiliary pixel RP in the p+p” row is
supplied in synchronization with the data voltages supplied
to the display pixels DP in the p” row.

FIG. 12A is an exemplary view of data voltages output
from the first data driver shown in FIG. 11 and auxiliary data
voltages output from the auxiliary data voltage conversion
unit of the second data driver shown in FIG. 11.
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FIG. 12A illustrates the vertical synchronization signal
vsync, the data voltages DVi output to an i data line Di
(where 1 is a positive integer satisfying l<i<m), and the
auxiliary data voltages RDV output from the auxiliary data
voltage conversion unit 44.

Referring to FIG. 12A, one frame period (1 frame)
includes the active period AP for which the data voltages are
supplied and the blank period BP which is a pause period.
The vertical synchronization signal vsync generates a pulse
at each one frame period (1 frame). The data voltages DVi
output to the i data line Di may include the first to n” data
voltages DV1 to DVn. As illustrated in FIG. 11, the auxiliary
data voltage supplied to the auxiliary pixel RP in the p+p™
row may be supplied in synchronization with the data
voltages supplied to the display pixels DP in the p™ row.

As shown in FIG. 11, the first repaired pixel RDP1 may
be located in the second row, and the second repaired pixel
RDP2 may be located in the n—17 row. In this example, as
shown in FIG. 124, according to data in the memory 43, the
first auxiliary data voltage RDV1 may be supplied to the
auxiliary data line RD1/RD2 in synchronization with a
period for which the data voltage DV3 is supplied to the i”
data line Di in the display pixel in the third row. In addition,
as shown in FIG. 12A, according to data in the memory 43,
the first auxiliary data voltage RDV1 may be supplied to the
auxiliary data line RD1/RD2 in synchronization with a
period for which the data voltage DVn is supplied to the i”
data line Di in the display pixel in the n” row.

When the signal indicating the predetermined period is
the vertical synchronization signal vsync, the memory 43 is
updated with the initialization data BD at each one frame
period. Therefore, as illustrated in FIG. 124, the auxiliary
data voltage conversion unit 44 may receive first auxiliary
data RD1 from the memory 43 for a period from when the
data voltage DV3 is supplied to the display pixel in the third
row to when the data voltage DVn-1 is supplied to the
display pixel in the n-1” row. Subsequently, the auxiliary
data voltage conversion unit 44 may convert the input first
auxiliary data RD1 into the first auxiliary data voltage
RDV1 and output the first auxiliary data voltage RDV1 to
the auxiliary data line RD1/RD2.

In addition, as shown in FIG. 12A, the auxiliary data
voltage conversion unit 44 may receive the second auxiliary
data RD2 from the memory 43 for a period in which the data
voltage DVn is supplied to the display pixel in the n” row,
convert the second auxiliary data RD2 into the second
auxiliary data voltage RDV?2, and output the second auxil-
iary data voltage RDV?2 to the auxiliary data line RD1/RD2.
Further, as shown in FIG. 12A, the auxiliary data voltage
conversion unit 44 may receive the initialization data BD
from the memory 43 for a period in which the data voltages
DV1 and DV2 are supplied to the display pixels in the first
and second rows, convert the input initialization data BD
into the initialization data voltage BDV, and output the
initialization data voltage BDV to the auxiliary data line
RDI1/RD2.

As a result, as described above with reference to FIG.
124, the auxiliary data voltages supplied to the auxiliary
data lines RD1 and RD2 may be supplied in synchronization
with the data voltages supplied to the data lines D1 to Dm.

FIG. 12B is an exemplary view of data voltages output
from the first data driver shown in FI1G. 11 and auxiliary data
voltages output from the auxiliary data voltage conversion
unit of the second data driver shown in FIG. 11. FIG. 12B
illustrates the horizontal synchronization signal hsync, the
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data voltages DVi output to the i” data line Di and the
auxiliary data voltages RDV output from the auxiliary data
voltage conversion unit 44.

Referring to FIG. 12B, one frame period (1 frame)
includes the active period AP for which the data voltages are
supplied and the blank period BP which is a pause period.
The vertical synchronization signal vsync generates a pulse
at each one frame period (1 frame). The data voltages DVi
output to the i” data line Di may include the first to n data
voltages DV1 to DVn. As illustrated in FIG. 11, the auxiliary
data voltage supplied to the auxiliary pixel RP in the p+p™
row may be supplied in synchronization with the data
voltages supplied to the display pixels DP in the p™ row.

As shown in FIG. 11, the first repaired pixel RDP1 may
be located in the second row, and the second repaired pixel
RDP2 may be located in the n-1% row. In this example, as
shown in FIG. 12B, according to data in the memory 43, the
first auxiliary data voltage RDV1 may be supplied to the
auxiliary data line RD1/RD2 in synchronization with a
period for which the data voltage DV3 is supplied to the i”
data line Di in the display pixel in the third row. In addition,
as shown in FIG. 12B, according to data in the memory 43,
the second auxiliary data voltage RDV2 may be supplied to
the auxiliary data line RD1/RD2 in synchronization with a
period for which the data voltage DVn is supplied to the i
data line Di in the display pixel in the n row.

When the signal indicating the predetermined period is
the vertical synchronization signal vsync, the memory 43 is
updated with the initialization data BD at each one horizon-
tal period 1H. Therefore, as shown in FIG. 12B, the auxiliary
data voltage conversion unit 44 may receive the first auxil-
iary data RD1 from the memory 43 for the period in which
the data voltage DV3 is supplied to the display pixel in the
third row, convert the input first auxiliary data RD1 into the
first auxiliary data voltage RDV1, and output the first
auxiliary data voltage RDV1 to the auxiliary data line
RD1/RD2.

In addition, as shown in FIG. 12B, the auxiliary data
voltage conversion unit 44 may receive the second auxiliary
data RD2 from the memory 43 for a period in which the data
voltage DVn is supplied to the display pixel in the n™ row,
convert the second auxiliary data RD2 into the second
auxiliary data voltage RDV?2, and output the second auxil-
iary data voltage RDV?2 to the auxiliary data line RD1/RD2.
Further, as shown in FIG. 12B, the auxiliary data voltage
conversion unit 44 may receive the initialization data BD
from the memory 43, convert the input initialization data BD
into the initialization data voltage BDV and output the
initialization data voltage BDV to the auxiliary data line
RD1/RD2 for periods except the period for which the data
voltage DV3 is supplied to the display pixel in the third row
and the period for which the data voltage DVn is supplied to
the display pixel in the n™ row.

As a result, as described above in connection with FIG.
12B, each of the auxiliary data voltages supplied to the
auxiliary data lines RD1 and RD2 may be supplied in
synchronization with the data voltages supplied to the data
lines D1 to Dm.

In addition, as described above with reference to FIG.
12B, the initialization data voltage BDV may be supplied to
auxiliary pixels which are not connected to the repaired
pixels RDP1 and RDP2. As a result, according to an exem-
plary embodiment of the present invention, the display
pixels DP in the display area may be prevented (or pro-
tected) from being affected by voltage variations in auxiliary
lines connected to the auxiliary pixels which are not con-
nected to the repaired pixels RDP1 and RDP2. In other
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words, the voltage of the auxiliary line RT may be prevented
(or protected) from being changed by the driving current
which may be supplied to the auxiliary line RL when the
auxiliary data voltage is supplied to the auxiliary pixel RP.

FIG. 13 is a detailed circuit diagram illustrating display
pixels and an auxiliary pixel according to another exemplary
embodiment of the present invention. For convenience of
explanation, FIG. 13 illustrates only k-17, k”, k+p-1? and
k+p” scan lines Sk-1, Sk, Sk+p-1 and Sk+f, the first
auxiliary data line RDI1, first and j” data lines D1 and Dj,
and k™ and k+p™ light emission control lines Ek and Ek+p.
In addition, as shown in FIG. 11, the auxiliary line RL is
connected to an auxiliary pixel in the p+p™ row and crosses
display pixels DP in the p* row. Thus, for convenience of
explanation, F1G. 13 illustrates the first auxiliary pixel RP1
located in the p+p™ row and the first display pixel DP1 and
the j* display pixel DPj located in the p™ row. The first
auxiliary pixel RP1 is connected to the k+p-17 and k+p”
scan lines Sk+p-1 and Sk+p, the k+p™ light emission
control line Ek+f, and the first auxiliary data line RD1. The
first display pixel DP1 is connected to the k-17 and k” scan
lines Sk-1 and Sk, the k” light emission control line Ek, and
the first data line D1. The j* display pixel DPj is connected
to the k-1” and k” scan lines Sk-1 and Sk, the k” light
emission control line Ek, and the j* data line Dj. In FIG. 13,
it is shown as an example that a defect does not occur in the
first display pixel DP1 during the manufacturing process,
and a defect occurs in the j* display pixel DPj during the
manufacturing process and is repaired.

Referring to FIG. 13, the first auxiliary pixel RP1 is
connected to the i display pixel DPj through the auxiliary
line RL. The auxiliary line RL may be connected to the first
auxiliary pixel RP1 and extends from the first auxiliary pixel
RP1 to the display area DA to cross the display pixels DP1
and DPj. More specifically, as shown in FIG. 13, the
auxiliary line RL may cross the anode electrodes of the
organic light emitting diodes OLEDs of the display pixels
DP1 and DPj.

The auxiliary line RL may be connected to the organic
light emitting diode OLED of the j* display pixel DPj. In
this example, the display pixel driver 110 and the organic
light emitting diode OLED of the i display pixel DPj may
be disconnected from each other.

Each of the display pixels DP1 and DPj includes the
organic light emitting diode OLED and the display pixel
driver 110. The display pixels DP1 and DPj shown in FIG.
13 are substantially the same as the display pixels DP1 and
DPj illustrated in FIG. 5, respectively. Thus, a detailed
description of the display pixels DP1 and DP; illustrated in
FIG. 13 is omitted.

The first auxiliary pixel RP1 includes the auxiliary pixel
driver 210 and the A transistor DT. The first auxiliary pixel
RP1 does not include the organic light emitting diode
OLED. The auxiliary pixel driver 210 of the first auxiliary
pixel RP1 shown in FIG. 13 is substantially the same as the
auxiliary pixel driver 210 of the first auxiliary pixel RP1
shown in FIG. 5, except that the auxiliary pixel driver 210
of the first auxiliary pixel RP1 shown in FIG. 13 is con-
nected to the k+f-1% and k+B scan lines Sk+f-1 and Sk+p
and the k+f* light emission control line Ek+f, instead of the
k-17 and k® scan lines Sk-1 and Sk and the k7 light
emission control line Ek. Thus, a detailed description of the
auxiliary pixel driver 210 of the first auxiliary pixel RP1 is
omitted.

The A transistor DT is connected to the auxiliary line RL
and the first power voltage line VINL1 to which the first
power voltage is supplied. The A transistor DT is turned on
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by the voltage supplied to the control electrode of the A
transistor DT to connect the auxiliary line RL and the first
power voltage line VINLI1, so that the voltage of the
auxiliary line RL is discharged to the first power voltage. In
other words, the A transistor DT functions to discharge the
auxiliary line RL. The control electrode of the A transistor
DT may be connected to the k+p scan line Sk+p, the first
electrode thereof may be connected to the auxiliary line RL,
and the second electrode thereof may be connected to the
first power voltage line VINLI.

FIG. 14 is a waveform view of signals supplied to the
display pixels and the auxiliary pixels as shown in FIG. 13,
a voltage of the control electrode of the discharge transistor,
and a voltage of the auxiliary line. FIG. 14 illustrates the
k=17 scan signal SCANk-1 supplied to the k-17 scan line
Sk-1, the k™ scan signal SCANK supplied to the k* scan line
Sk, the k+1? scan signal SCANk+1 supplied to the k+1*
scan line Sk+1, the k+2” scan signal SCANk+2 supplied to
the k+2 scan line Sk+2, the k™ light emission control signal
EMk supplied to the k¥ light emission contro] line Fk, the
k+27 light emission control signal EMk+2 supplied to the
k+2” light emission control line Ek+2, the voltage (V_DTG,
or SCANk+2) of the control electrode of the A transistor DT,
and the voltage (V_RL) of the auxiliary line RL. FIG. 14
illustrates the k+1% scan line Sk+1, the k+27 scan line Sk+2,
and the k+2™ light emission control line Fk+2 as examples
of the k+p-1" scan line Sk+p-1, the k+p™ scan line Sk+p,
and the k+p™ light emission control line Ek+f, shown in
FIG. 13, respectively. However, the present invention is not
limited thereto.

The k-17 scan signal SCANk-1, the k” scan signal
SCANK, and the k” light emission control signal EMk as
shown in FIG. 14 are substantially the same as the k-1% scan
signal SCANk-1, the kK scan signal SCANK, and the k*
light emission control signal EMk shown in FIG. 7, respec-
tively. Therefore, a detailed description of the k1" scan
signal SCANk-1, the k™ scan signal SCANK, and the k*
light emission control signal EMk shown in FIG. 14 is
omitted.

The k+1” scan signal SCANk+1 is generated to have a
level of the gate-on voltage Von for part of the fourth period
t4, and the k+2” scan signal SCANk+2 is generated to have
a level of the gate-on voltage Von for part of the fifth period
t5. The k+2” light emission control signal EMk+2 is gen-
erated to have a level of the gate-off voltage Voff for 4-2™
and fifth periods t4-2 and t5.

Hereinafter, a driving method of the first auxiliary pixel
RP1 and the i display pixel DPj and a driving method of the
first display pixel DP1 are described in detail with reference
to FIGS. 13 and 14.

First, the driving method of the first display pixel DP1 as
shown in FIGS. 13 and 14 is substantially the same as the
driving method of the first display pixel DP1 as shown in
FIGS. 5 and 7. Therefore, the driving method of the first
display pixel DP1 is omitted.

Subsequently, the driving method of the first auxiliary
pixel RP1 and the j” display pixel DPj is described in detail.

First, the organic light emitting diode OLED emits light
for the first to third periods t1 to t3.

For the first to third periods t1 to t3, the k+1? scan signal
SCANKk+1 having a level of the gate-off voltage Voff is
supplied to the k+1% scan line Sk+1, the k+2% scan signal
SCANKk+2 having a level of the gate-off voltage Voff is
supplied to the k+2” scan line Sk+2, and the k+2” light
emission control signal EMk+2 having a level of the gate-on
voltage Von is supplied to the k+2™ light emission control
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line Ek+2. Therefore, the fifth and sixth transistors T5' and
T6' are turned on for the first to third periods t1 to 3.

Since the fifth and sixth transistors T5' and T6' are turned
on, the driving current Ids” of the auxiliary pixel driver 210
is supplied to the organic light emitting diode OLED of the
i* display pixel DPj through the auxiliary line RL. There-
fore, the organic light emitting diode OLED of the j* display
pixel DPj emits light.

Second, an on bias is applied to the first transistor T1 for
a 4-1% period t4-1. The fourth period 4 includes the 4-1*
period t4-1 and the 4-2"7 period t4-2.

The k+1% scan signal SCANk+1 having a level of the
gate-on voltage Von for part of the 4-1° period t4-1 is
supplied to the k+1% scan line Sk+1, and the k+2 light
emission control signal EMk+2 having a level of the gate-on
voltage Von for all of the 4-1° period t4-1 is supplied to the
k+27 light emission control line Ek+2, so that the fourth,
fifth, sixth and seventh transistors T4', T5', T6', and T7" are
turned on for part or all of the 4-1% period t4-1.

Since the fourth transistor T4' is turned on, the control
electrode of the first transistor T1' is initialized to the second
power voltage VIN2 of the second power voltage line
VINL2. Since the fifth, sixth and seventh transistors T5', T6',
and T7" are turned on, a current path is formed so that current
may flow from the third power voltage line VDDL to the
second power voltage line VINL2 through the fifth transistor
T5', the first transistor T1', the sixth transistor T6', and the
seventh transistor T7'. Since the second power voltage VIN2
is set to be sufficiently lower than the third power voltage
VDD, a voltage difference (Vgs=VIN2-VDD) between the
control electrode and the first electrode of the first transistor
T1' is less than the threshold voltage Vth of the first
transistor T1' for the 4-1* period t4-1, so that current flows
through the current path.

Therefore, the control electrode of the first transistor T1'
may be discharged to the second power voltage for the 4-1*
period t4-1, so that the on bias may be applied to the first
transistor T1'. As a result, according to an exemplary
embodiment of the present invention, the on bias may be
applied to the first transistor T1' before the data voltage is
supplied to the control electrode of the first transistor T1'".
Therefore, image quality degradation caused by hysteresis
characteristics of the first transistor T1' may be prevented (or
reduced).

Since the k” scan line Sk and the auxiliary line RL are
formed next to each other, the fringe capacitance FC may be
formed between the k” scan line Sk and the auxiliary line
RL as illustrated in FIG. 13. Voltage variations of the k™
scan line Sk may be reflected in the auxiliary line RL by the
fringe capacitance FC. Therefore, when the k” scan signal
SCANK increases from the gate-on voltage Von to the
gate-off voltage Voff for the 4-1* period t4-1, the changes in
voltage of the k™ scan line Sk may be reflected by the fringe
capacitance FC, so that the voltage of the auxiliary line RL
may be increased by AV1.

Third, the control electrode of the first transistor T1' and
the auxiliary line RL are initialized to the second power
voltage VIN2 for the 4-2"7 period t4-2.

For the 4-2"% period t4-2, the k+1? scan signal SCANk+1
having a level of the gate-on voltage Von is supplied to the
k+1? scan line Sk+1, and the k+27 light emission control
signal EMk+2 having a level of the gate-off voltage Voff is
supplied to the k+27 light emission control line Ek+2, so
that the fourth transistor T4' and the seventh transistor T7'
are turned on for the 4-2"¢ period t4-2.

Since the fourth transistor T4' is turned on, the control
electrode of the first transistor T1' is initialized to the second
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power voltage VIN2 of the second power voltage line
VINL2. Since the seventh transistor T7' is turned on, the
auxiliary line RL is initialized to the second power voltage
VIN2 of the second power voltage line VINL2.

Fourth, for the fifth period t5, a data voltage and a
threshold voltage of the control electrode of the first tran-
sistor T1' are sampled, and the auxiliary line RL is dis-
charged to the first power voltage VINI.

In the fifth period 5, the k+2™ scan signal SCANk+2
having a level of the gate-on voltage Von for part of the fifth
period t5 is supplied to the k+2” scan line Sk+2, and the
k+2” light emission control signal EMk+2 having a level of
the gate-off voltage Voff for all of the fifth period t5 is
supplied to the k+2” light emission control line Ek+2. so
that the second and third transistors T2' and T3' and the A
transistor DT are turned on for all or part of the fifth period
15.

Since the second transistor T2' is turned on, the data
voltage Vdata of the first data line D1 is supplied to the first
electrode of the first transistor T1'. Since the third transistor
T3' is turned on, the control electrode and the second
electrode of the first transistor T1' are connected. Therefore,
the first transistor T1' is driven as a diode.

Since the voltage difference (Vgs=VIN2-Vdata) between
the control electrode and the first electrode of the first
transistor T1' is less than the threshold voltage Vth, current
flows through the first transistor T1' until the voltage dif-
ference (Vgs) between the control electrode and the first
electrode reaches the threshold voltage Vth of the first
transistor T1'. Therefore, the voltage of the control electrode
of the first transistor T1' increases to “Vdata+Vth” for the
third period t3.

Since the A transistor DT is turned on, the auxiliary line
RL is connected to the first power voltage line VINLI.
Therefore, the auxiliary line RL is discharged to the first
power voltage VIN1.

Since the auxiliary line RL overlaps with the anode
electrodes of the organic light emitting diodes OLEDs of the
display pixels DP1, the parasitic capacitance PC may be
formed between the auxiliary line RL and the anode elec-
trodes of the organic light emitting diodes OLEDs of the
display pixels DP1 as shown in FIG. 13. Voltage variations
of the anode electrodes of the organic light emitting diodes
OLEDs may be reflected in the auxiliary line RL by the
parasitic capacitance PC. Driving currents are supplied to
the anode electrodes of the organic light emitting diodes
OLEDs of the display pixels DP1 by the k” light emission
control signal EMk having a level of the gate-on voltage Von
for the fifth period t5. Therefore, the voltage variations of the
anode electrodes of the organic light emitting diodes OLEDs
of the display pixels DP1 may be reflected in the auxiliary
line RL by the parasitic capacitance PC, so that the voltage
of the auxiliary line RL may be increased by AV2. However,
since the auxiliary line RL is connected to the first power
voltage line VINL1 for the fifth period t5, the auxiliary line
RL is discharged to the first power voltage VIN1 even when
the voltage variations of the anode electrodes of the organic
light emitting diodes OLEDs of the display pixels DP1 are
reflected by the parasitic capacitance PC.

Sixth, the organic light emitting diode OLED emits light
for the sixth period t6.

For the sixth period t6, the k+2” scan signal SCANk+2
having a level of the gate-off voltage Voff is supplied to the
k+27 scan line Sk+2, and the k+2” light emission control
signal EMk+2 having a level of the gate-on voltage Von is
supplied to the k+2” light emission control line Ek+2, so
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that the fifth and sixth transistors T5' and T6' are turned on
and the A transistor DT is turned off for the sixth period t6.

Since the A transistor DT is turned off and the fifth and
sixth transistors T5' and T6' are turned on, the driving
current Ids” of the auxiliary pixel driver 210 is supplied to
the organic light emitting diode OLED of the j” display
pixel DPj through the auxiliary line RL. Therefore, the
organic light emitting diode OLED of the i display pixel
DPj emits light.

The control electrode of the first transistor T1' maintains
“Vdata+Vth” by the storage capacitor Cst. The driving
current Ids” flowing through the first transistor T1' may be
expressed by Equation 2. In addition, Equation 3 is derived
from Equation 2.

As shown in Equation 3, the driving current Ids” does not
depend on the threshold voltage Vth of the first transistor
T1'. In other words, the threshold voltage Vth of the first
transistor T1' is compensated.

As described above, according to an exemplary embodi-
ment of the present invention, the voltage of the auxiliary
line RL may be prevented (or protected) from being changed
due to the parasitic capacitances PC and the fringe capaci-
tance FC. Therefore, according to an exemplary embodi-
ment of the present invention, the organic light emitting
diode OLED may be prevented (or protected) from emitting
light in error.

FIG. 15 is a detailed circuit diagram of display pixels and
an auxiliary pixel according to another exemplary embodi-
ment of the present invention. For convenience of explana-
tion, FIG. 15 illustrates only the k-17 k™, k+f-1? and
k+p™+p scan lines Sk-1, Sk, Sk+p-1, and Sk+f, the first
auxiliary data line RD1, the first and i data lines D1 and Dj,
and k” and k+p” light emission control lines Ek and Ek+f.
In addition, as shown in FIG. 11, the auxiliary line RL is
connected to the auxiliary pixel in the p+p” row and crosses
the display pixels DP in the p” row. Therefore, for conve-
nience of explanation, FIG. 15 illustrates the first auxiliary
pixel RP1 located in the p+B row and the first display pixel
DP1 and the i display pixel DPj located in the p” row. The
first auxiliary pixel RP1 is connected to the k+f-1” and
k+p™ scan lines Sk+f-1 and Sk+p, the k+p™ light emission
control line Ek+f, and the first auxiliary data line RD1. The
first display pixel DP1 is connected to the k-1” and k™ scan
lines Sk-1 and Sk, the k” light emission control line Ek, and
the first data line D1. The j” display pixel DPj is connected
to the k-1” and k” scan lines Sk—1 and Sk, the k” light
emission control line Ek, and the j* data line Dj. In FIG. 15,
it is shown as an example that a defect does not occur in the
first display pixel DP1 during the manufacturing process,
and a defect occurs in the j” display pixel DPj during the
manufacturing process and is repaired.

Referring to FIG. 15, the first auxiliary pixel RP1 is
connected to the i display pixel DPj through the auxiliary
line RL. The auxiliary line RL is connected to the first
auxiliary pixel RP1 and extends from the first auxiliary pixel
RP1 to the display area DA to cross the display pixels DP1
and DPj. More specifically, as shown in FIG. 15, the
auxiliary line RL may cross the anode electrodes of the
organic light emitting diodes OLEDs of the display pixels
DP1 and DP;.

The auxiliary line RL, may be connected to the organic
light emitting diode OLED of the j* display pixel DPj. In
this example, the display pixel driver 110 and the organic
light emitting diode OLED of the j* display pixel DPj may
be disconnected from each other.

Each of the display pixels DP1 and DPj includes the
organic light emitting diode OLED and the display pixel
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driver 110. The display pixels DP1 and DPj shown in FIG.
15 are substantially the same as the display pixels DP1 and
DPj shown in FIG. 5, respectively. Therefore, a detailed
description of the display pixels DP1 and DPj shown in FIG.
15 is omitted.

The first auxiliary pixel RP1 includes the auxiliary pixel
driver 210 and the A transistor DT. The first auxiliary pixel
RP1 does not include the organic light emitting diode
OLED. The auxiliary pixel driver 210 of the first auxiliary
pixel RP1 shown in FIG. 15 is substantially the same as the
auxiliary pixel driver 210 of the first auxiliary pixel RP1
shown in FIG. 5, except that the first auxiliary pixel RP1 is
connected to the k+p-17” and k+p™ scan lines Sk+p-1 and
Sk+f and the k+B% light emission control line Ek+p instead
of the k-1 and k” scan lines Sk-1 and Sk and the k™ light
emission control line Ek, the fourth transistor T4' is con-
nected to the first power voltage line VINLI instead of the
second power voltage line VINL2, and the seventh transistor
T7' is removed. Therefore, a detailed description of the
auxiliary pixel driver 210 of the first auxiliary pixel RP1
shown in FIG. 15 is omitted.

The A transistor DT is connected to the auxiliary line RL
and the first power voltage line VINL1 to which the first
power voltage is supplied. The A transistor DT is turned on
by the voltage supplied to the control electrode of the A
transistor DT to connect the auxiliary line RL and the first
power voltage line VINL1. As a result, the voltage of the
auxiliary line RL is discharged to the first power voltage. In
other words, the A transistor DT functions to discharge the
auxiliary line RL. The control electrode of the A transistor
DT may be connected to the k+p™ scan line Sk+f, the first
electrode thereof may be coupled to the auxiliary line RL,
and the second electrode thereof may be connected to the
first power voltage line VINLI.

FIG. 16 is a waveform view of signals supplied to the
display pixels and the auxiliary pixels shown in FIG. 15, a
voltage of the control electrode of the discharge transistor,
and a voltage of the auxiliary line. FIG. 16 illustrates the
k=17 scan signal SCANk-1 supplied to the k-1” scan line
Sk-1, the k™ scan signal SCANK supplied to the k™ scan line
Sk, the k+1” scan signal SCANKk+1 supplied to the k+1”
scan line Sk+1, the k+2? scan signal SCANk+2 supplied to
the k+2™ scan line Sk+2, the k” light emission control signal
EMEk supplied to the k* light emission control line Ek, the
k+2” light emission control signal EMk+2 supplied to the
k+2” light emission control line Ek+2, a voltage (V_DTG,
or SCANk+2) of the control electrode of the A transistor DT,
and a voltage (V_RL) of the voltage of the auxiliary line RL.
FIG. 16 illustrates the k+17 scan line Sk+1, the k+2% scan
line Sk+2, and the k+2” light emission control line Ek+2 as
examples of the k+f—17 scan line Sk+p-1, the k+p™ scan
line Sk+p, and the k+p™ light emission control line Ek+p
shown in FIG. 15, respectively. However, the present inven-
tion is not limited thereto.

The k-1" scan signal SCANk-1, the k™ scan signal
SCANK, and the k™ light emission control signal EMk
shown in FIG. 16 are substantially the same as the k-1 scan
signal SCANk-1, the k” scan signal SCANK, and the k*
light emission control signal EMk shown in FIG. 7, respec-
tively. Therefore, a detailed description of the k-1% scan
signal SCANk-1, the k™ scan signal SCANK, and the k*
light emission control signal EMk shown in FIG. 16 is
omitted.

The k+1 scan signal SCANk+1 is generated to have a
level of the gate-on voltage Von for part of the fourth period
t4, and the k+2” scan signal SCANk+2 is generated to have
a level of the gate-on voltage Von for part of the fifth period
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t5. The k+2™ light emission control signal EMk+2 is gen-
erated to have the gate-off voltage Voff for all of the 4-27¢
and fifth periods t4-2 and t5.

Hereinafter, a driving method of the first auxiliary pixel
RP1 and the i display pixel DPj and a driving method of the
first display pixel DP1 are described in connection with
FIGS. 15 and 16.

First, the driving method of the first display pixel DP1
according to FIGS. 15 and 16 is substantially the same as the
driving method of the first display pixel DP1. Therefore, a
detailed description of the driving method of the first display
pixel DP1 according to FIGS. 15 and 16 is omitted.

Subsequently, the driving method of the first auxiliary
pixel RP1 and the j* display pixel DP;j is described in detail.

First, the organic light emitting diode OLED emits light
for the first to third periods t1 to t3.

For the first to third periods 1 to t3, the k+1? scan signal
SCANKk+1 having a level of the gate-off voltage Voff is
supplied to the k+1% scan line Sk+1, the k+2% scan signal
SCANK+2 having a level of the gate-off voltage Voff is
supplied to the k+2” scan line Sk+2, and the k+2 light
emission control signal EMk+2 having a level of the gate-on
voltage Von is supplied to the k+2” light emission control
line Ek+2. Therefore, the fifth and sixth transistors T5' and
T6' are turned on for the first to third periods t1 to 3.

Since the fifth and sixth transistors T5' and T6' are turned
on, the driving current Ids” of the auxiliary pixel driver 210
is supplied to the organic light emitting diode OLED of the
i™ display pixel DPj through the auxiliary line RL. There-
fore, the organic light emitting diode OLED of the j display
pixel DPj emits light.

Second, an on bias is applied to the first transistor T1 for
the 4-1* period t4-1. The fourth period t4 includes the 4-1%
period t4-1 and the 4-2" period t4-2.

For part of the 4-1° period t4-1, the k+1% scan signal
SCANKk+1 having a level of the gate-on voltage Von is
supplied to the k+1” scan line Sk+1, and for all of the 4-1¢
period t4-1, the k+2” light emission control signal EMk+2
having a level of the gate-on voltage Von is supplied to the
k+2? light emission control line Ek+2. Therefore, the fourth,
fifth and sixth transistors T4', T5' and T6' are turned on for
all or part of the 4-1% period t4-1.

Since the fourth transistor T4' is turned on, the control
electrode of the first transistor T1' is initialized to the second
power voltage VIN2 of the second power voltage line
VINL2. Since the fifth and sixth transistors T5' and T6' are
turned on, a current path is formed so that current may flow
from the third power voltage line VDDL to the auxiliary line
RL through the fifth transistor T5', the first transistor T1', and
the sixth transistor T6'. Since the second power voltage
VIN2 is set to be sufficiently lower than the third power
voltage VDD, the voltage difference (Vgs=VIN2-VDD)
between the control electrode and the first electrode of the
first transistor T1' is less than the threshold voltage Vth of
the first transistor T1' for the 4-1* period t4-1, so that current
flows through the current path.

Therefore, the control electrode of the first transistor T1'
is discharged to the second power voltage for the 4-1% period
t4-1, so that the on bias may be applied to the first transistor
T1'. As a result, according to an exemplary embodiment of
the present invention, the on bias may be applied to the first
transistor T1' before the data voltage is supplied to the
control electrode of the first transistor T1'. Therefore, image
quality degradation caused by hysteresis characteristics of
the first transistor T1' may be prevented (or reduced).

Since the k™ scan line Sk and the auxiliary line RL are
formed next to each other, the fringe capacitance FC may be
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formed between the k™ scan line Sk and the auxiliary line
RL as illustrated in FIG. 15. Voltage variations of the k*
scan line Sk may be reflected in the auxiliary line RL by the
fringe capacitance FC. Therefore, when the k” scan signal
SCANKk increases from the gate-on voltage Von to the
gate-off voltage Voff for the 4-1% petiod t4-1, the changes in
voltage of the k” scan line Sk may be reflected by the fringe
capacitance FC, so that the voltage of the auxiliary line RL
may be increased by AV1.

Third, the control electrode of the first transistor T1' is
initialized to the second power voltage VIN2 for the 4-2"“
period t4-2.

For the 4-2"% period t4-2, the k+1” scan signal SCANk+1
having a level of the gate-on voltage Von is supplied to the
k+1? scan line Sk+1, and the k+2™ light emission control
signal EMk+2 having a level of the gate-off voltage Voff is
supplied to the k+2” light emission control line Ek+2, so
that the fourth transistor T4' is turned on for the 4-2"7 period
4-2.

Since the fourth transistor T4' is turned on, the control
electrode of the first transistor T1' is initialized to the second
power voltage VIN2 of the second power voltage line
VINL2.

Fourth, for the fifth period t5, a data voltage and a
threshold voltage of the control electrode of the first tran-
sistor T1' are sampled, and the auxiliary line RL is dis-
charged to the first power voltage VINI.

In the fifth period t5, the k+2” scan signal SCANKk+2
having a level of the gate-on voltage Von for part of the fifth
period t5 is supplied to the k+2” scan line Sk+2, and the
k+27 light emission control signal EMk+2 having a level of
the gate-off voltage Voff for all of the fifth period t5 is
supplied to the k+2” light emission control line Ek+2, so
that the second and third transistors T2' and T3' and the A
transistor DT are turned on for all or part of the fifth period
15.

Since the second transistor T2' is turned on, the data
voltage Vdata of the first data line D1 is supplied to the first
electrode of the first transistor T1'. Since the third transistor
T3' is turned on, the control electrode and the second
electrode of the first transistor T1' are connected. Therefore,
the first transistor T1' is driven as a diode.

Since the voltage difference (Vgs=VIN2-Vdata) between
the control electrode and the first electrode of the first
transistor T1' is less than the threshold voltage Vth, current
flows through the first transistor T1' until the voltage dif-
ference (Vgs) between the control electrode and the first
electrode reaches the threshold voltage Vth of the first
transistor T1'. Therefore, the voltage of the control electrode
of the first transistor T1' increases to “Vdata+Vth” for the
third period t3.

Since the A transistor DT is turned on, the auxiliary line
RL is connected to the first power voltage line VINLI.
Therefore, the auxiliary line RL is discharged to the first
power voltage VIN1.

Since the auxiliary line RL overlaps with the anode
electrodes of the organic light emitting diodes OLEDs of the
display pixels DP1, the parasitic capacitances PC may be
formed between the auxiliary line R and the anode elec-
trodes of the organic light emitting diodes OLEDs of the
display pixels DP1 as shown in FIG. 15. Voltage variations
of the anode electrodes of the organic light emitting diodes
OLEDs may be reflected in the auxiliary line RL by the
parasitic capacitance PC. Driving currents are supplied to
the anode electrodes of the organic light emitting diodes
OLEDs of the display pixels DP1 by the k™ light emission
control signal EMk having a level of the gate-on voltage Von
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for the fifth period t5. Therefore, the voltage variations of the
anode electrodes of the organic light emitting diodes OLEDs
of the display pixels DP1 may be reflected in the auxiliary
line RL by the parasitic capacitance PC, so that the voltage
of the auxiliary line RL may be increased by AV2. However,
since the auxiliary line RL is connected to the first power
voltage line VINL1 for the fifth period t5, the auxiliary line
RL is discharged to the first power voltage VIN1 even when
the voltage variations of the anode electrodes of the organic
light emitting diodes OLEDs of the display pixels DP1 are
reflected by the parasitic capacitance PC.

Fifth, the organic light emitting diode OLED emits light
for the sixth period t6.

For the sixth period t6, the k+2” scan signal SCANk+2 is
supplied to the k+2” scan line Sk+2 having a level of the
gate-off voltage Voff, and the k+2” light emission control
signal EMk+2 having a level of the gate-on voltage Von is
supplied to the k+27 light emission control line Ek+2. As a
result, for the sixth period t6, the fifth and sixth transistors
T5" and T6' are turned on, and the A transistor DT is turned
off.

Since the A transistor DT is turned off and the fifth and
sixth transistors T5' and T6' are turned on, the driving
current Ids” of the auxiliary pixel driver 210 is supplied to
the organic light emitting diode OLED of the j* display
pixel DPj through the auxiliary line RL. Therefore, the
organic light emitting diode OLED of the i display pixel
DPj emits light.

The control electrode of the first transistor T1' maintains
“Vdata+Vth” by the storage capacitor Cst. The driving
current Ids” flowing through the first transistor T1' may be
expressed by Equation 2. In addition, Equation 3 is derived
from Equation 2.

As shown in Equation 3, the driving current Ids” does not
depend on the threshold voltage Vth of the first transistor
T1'. In other words, the threshold voltage Vth of the first
transistor T1' is compensated.

As described above, according to an exemplary embodi-
ment of the present invention, the voltage of the auxiliary
line RL may be prevented (or protected) from being changed
by the parasitic capacitances PC and the fringe capacitance
FC. As a result, according to an exemplary embodiment of
the present invention, the organic light emitting diode OLED
of the j# display pixel DPj may be prevented (or protected)
from emitting light in error due to the parasitic capacitances
PC and the fringe capacitance FC.

FIG. 17 is a waveform view of a first power voltage
supplied to a first power voltage line, a fourth power voltage
supplied to a fourth power voltage line, and a vertical
synchronization signal. Referring to FIG. 17, the vertical
synchronization signal vsync is generated at each one frame
period. A period for which the vertical synchronization
signal vsync is generated to have a first level voltage VL1
corresponds to the active period AP, and a period for which
the vertical synchronization signal vsync is generated to
have a second level voltage VI.2 corresponds to the blank
period BP.

The fourth power voltage VSS may be changed for the
one frame period by a voltage drop (IR drop) as shown in
FIG. 17. Since the fourth power voltage line VSSL for
supplying the fourth power voltage VSS is connected to
cathode electrodes of organic light emitting diodes of dis-
play pixels, the fourth power voltage VSS drops as current
is supplied to the organic light emitting diodes. Therefore,
there is a difference AV3 between the fourth power voltage
VSS at a time point A when a minimal voltage drop occurs
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and the fourth power voltage VSS at a time point B when a
maximum voltage drop occurs.

However, when the first power voltage VIN1 is supplied
without being changed, the difference at the time point A
between the first power voltage VIN1 and the fourth power
voltage VSS may be greater than the difference at the time
point B between the first power voltage VINT and the fourth
power voltage VSS. As a result, the repaired pixel emitting
light at the time point B is initialized to the first power
voltage VIN1 which is lower than that of the repaired pixel
emitting light at time point A. Thus, the repaired pixel
emitting light at the time point B may display a lower gray
scale than a repaired pixel emitting light at the time point A.
The repaired pixel emitting light at the time point B is more
likely to display a lower gray scale than the repaired pixel
emitting light at the time point A when the repaired pixel
displays a low gray scale.

In order to prevent the repaired pixel emitting light at the
time point B from displaying a lower gray scale than the
auxiliary pixel emitting light at the time point A (or reduce
the extent to which this occurs), according to an exemplary
embodiment of the present invention, the first power voltage
VIN1 may be changed to substantially coincide with voltage
variations of the fourth power voltage VSS. The power
supply may supply the first power voltage VIN1 so that the
first power voltage VIN1 may gradually increase from the
time point A to the time point B and gradually decrease from
the time point B. In other words, according to an exemplary
embodiment of the present invention, when the voltage
variations of the fourth power voltage VSS are in the form
of a triangle, the first power voltage VIN1 with a triangle
wave may be supplied. As a result, according to an exem-
plary embodiment of the present invention, the difference at
the time point A between the first power voltage VIN1 and
the fourth power voltage VSS may substantially coincide
with the difference VSS at the time point B between the first
power voltage VIN1 and the fourth power voltage. As a
result, according to an exemplary embodiment of the present
invention, the repaired pixel emitting light at the time point
B may be prevented (or protected) from displaying a lower
gray scale than the repaired pixel emitting light at the time
point A as shown in FIG. 17.

In a substantially similar manner as the first power voltage
VINI, the second power voltage VIN2 with a triangle wave
may be supplied to the second power voltage line VINL?2.
The first power voltage VIN1 and the second power voltage
VIN2 may be set to substantially the same voltage. Alter-
natively, the second power voltage VIN2 may be set to a
voltage obtained by adding or subtracting a predetermined
voltage to or from the first power voltage VINI.

FIG. 18 is a flowchart illustrating a method of supplying
a first power voltage according to an exemplary embodiment
of the present invention. Hereinafter, the method of supply-
ing the first power voltage according to an exemplary
embodiment of the present invention is described with
reference to FIGS. 1, 17 and 18.

First, the timing controller 50 may analyze the digital
video data DATA for one frame period and calculate a
representative value of brightness of the display pixels. For
example, the timing controller 50 may calculate a sum of the
digital video data DATA for one frame period as the repre-
sentative value. Alternatively, the timing controller 50 may
calculate the representative value by dividing the sum of the
digital video data DATA for one frame period by a prede-
termined value. The timing controller 50 outputs the calcu-
lated representative value to the power supply 60. (Step
S201 in FIG. 18)
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Second, the power supply 60 receives the representative
value from the timing controller 50. The power supply 60
controls the first power voltage VIN1 according to the
representative value. As the representative value is greater,
the power supply 60 may control the first power voltage
VIN1 so that the first power voltage VIN1 may be increased
at the time point B as shown in FIG. 17. For example, when
a first representative value is input, the power supply 60 may
supply the first power voltage VIN1 with a first triangle
wave TS1 in the form of a first obtuse triangle as shown in
FIG. 19. When a second representative value smaller than
the first representative value is input, the power supply 60
may supply the first power voltage VIN1 with a second
triangle wave TS2 in the form of a second obtuse triangle
having a greater obtuse angle than the first obtuse triangle.
The power supply 60 may control the first power voltage
VIN1 according to the representative value by using a
look-up table which stores a voltage value of the first power
voltage VIN1 in response to the representative value. (Step
5202 in FIG. 18)

As described above, according to an exemplary embodi-
ment of the present invention, since the voltage variations of
the fourth power voltage VSS may vary depending on the
brightness of the display pixels, the first power voltage VIN1
may be changed according to the representative value of the
brightness of the display pixels. As a result, according to an
exemplary embodiment of the present invention, the
repaired pixel emitting light at the time point B may be
prevented (or protected) from displaying a lower gray scale
than the auxiliary pixel emitting light at the time point A as
shown in FIG. 17.

In addition, according to an exemplary embodiment of the
present invention, auxiliary data to be supplied to an aux-
iliary pixel displaying a low gray scale is converted by using
the auxiliary data conversion unit 42 of the second data
driver 40, shown in FIGS. 2 and 11, on the basis of the
representative value, so that the repaired pixel emitting light
at the time point B may be prevented (or protected) from
displaying a lower gray scale than the auxiliary pixel emit-
ting light at the time point A as shown in FIG. 17. More
specifically, when the auxiliary data RD is to be supplied to
the repaired pixel emitting light at the time point B as shown
in FIG. 17, the auxiliary data conversion unit 42 of the
second data driver 40 may determine that the auxiliary pixel
will display a low gray scale if the auxiliary data RD is
smaller than a first threshold value. In this example, the
auxiliary data conversion unit 42 may add predetermined
data to the auxiliary data RD. As a result, according to an
exemplary embodiment of the present invention, the auxil-
iary data voltage supplied to the auxiliary pixel displaying a
low gray scale at the time point as shown in FIG. 17 may be
greater than the auxiliary data voltage to be originally
supplied, so that the repaired pixel emitting light at the time
point B may be prevented (or protected) from displaying a
lower gray scale than the auxiliary pixel emitting light at the
time point A as shown in FIG. 17.

According to an exemplary embodiment of the present
invention, an auxiliary line is discharged to a first power
voltage by using an A transistor. As a result, according to an
exemplary embodiment of the present invention, a voltage
of the auxiliary line may be prevented (or protected) from
being changed by parasitic capacitances between the auxil-
iary line and organic light emitting diodes of display pixels
and a fringe capacitance between the auxiliary line and a
neighboring scan line. Therefore, according to an exemplary
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embodiment of the present invention, an organic light emit-
ting diode may be prevented (or protected) from emitting
light in error.

According to an exemplary embodiment of the present
invention, digital video data corresponding to a coordinate
value of a repaired pixel is calculated as auxiliary data. As
a result, according to an exemplary embodiment of the
present invention, the same auxiliary data voltage as a data
voltage to be supplied to the repaired pixel may be supplied
to an auxiliary pixel connected to the repaired voltage.

In addition, according to an exemplary embodiment of the
present invention, initialization data is supplied to auxiliary
pixels not connected to the repaired pixel. As a result,
according to an exemplary embodiment of the present
invention, display pixels in a display area may be prevented
(or protected) from being affected by voltage variations of
auxiliary lines connected to the auxiliary pixels not con-
nected to the repaired pixel.

Further, according to an exemplary embodiment of the
present invention, the first power voltage is supplied as a
voltage with a triangle wave. As a result, according to an
exemplary embodiment of the present invention, a repaired
pixel emitting light at a time point may be prevented (or
protected) from displaying a lower gray scale than an
auxiliary pixel emitting light at another time point due to a
voltage drop of another power voltage.

Example embodiments have been disclosed herein, and
although specific terms are employed, they are used and are
to be interpreted in a generic and descriptive sense only and
not for purpose of limitation. In some instances, as would be
apparent to one of ordinary skill in the art as of the filing of
the present application, features, characteristics, and/or ele-
ments described in connection with a particular embodiment
may be used singly or in combination with features, char-
acteristics, and/or elements described in connection with
other embodiments unless otherwise specifically indicated.
Accordingly, it will be understood by those of skill in the art
that various changes in form and details may be made
without departing from the spirit and scope of the present
invention as set forth in the following claims and equivalents
thereof.

What is claimed is:

1. An organic light emitting display device comprising:

data lines and auxiliary data lines;
scan lines and light emission control lines crossing the
data lines and the auxiliary data lines;
a display area comprising display pixels at crossing
regions of the data lines, the scan lines, and the light
emission control lines;
anon-display area comprising auxiliary pixels at crossing
regions of the auxiliary data lines, the scan lines, and
the light emission control lines; and
auxiliary lines connected to the auxiliary pixels,
wherein each of the auxiliary pixels comprises:
an auxiliary pixel driver configured to supply a driving
current to a corresponding one of the auxiliary lines;
and

an auxiliary transistor connected to the corresponding
one of the auxiliary lines, and to a first power voltage
line, the auxiliary transistor being configured to
transmit a first power voltage from the first power
voltage line, in response to a control signal.

2. The organic light emitting display device of claim 1,
wherein the corresponding one of the auxiliary lines is
connected to an auxiliary pixel in a p” row from among the
auxiliary pixels and crosses display pixels in the p” row
from among the display pixels, where p is a positive integer.

15

20

25

30

40

45

60

65

50

3. The organic light emitting display device of claim 2,
wherein the corresponding one of the auxiliary lines is
connected to one of the display pixels in the p™ row.

4. The organic light emitting display device of claim 2,
wherein the auxiliary pixel in the p” row and the display
pixels in the p” row are connected to a k—1” scan line and
a k™ scan line from among the scan lines, and a k? light
emission control line from among the light emission control
lines, where k is a positive integer of 2 or more.

5. The organic light emitting display device of claim 4,
wherein the auxiliary pixel driver of an auxiliary pixel from
among the auxiliary pixels comprises:

a first transistor configured to control the driving current

of the auxiliary pixel driver in response to a voltage of
a control electrode thereof;,

a second transistor connected to one of the auxiliary data
lines and a first electrode of the first transistor;

a third transistor connected to the control electrode of the
first transistor and a second electrode of the first
transistor;

a fourth transistor connected to the control electrode of
the first transistor and to a second power voltage line
connected to a second power voltage supply;

a fifth transistor connected to the first electrode of the first
transistor and to a third power voltage line connected to
a third power voltage supply:

a sixth transistor connected to the second electrode of the
first transistor and to the corresponding one of the
auxiliary lines;

a seventh transistor connected to the corresponding one of
the auxiliary lines and to the second power voltage line;
and

a storage capacitor connected to the control electrode of
the first transistor and to the third power voltage line,

wherein control electrodes of the second and third tran-
sistors are connected to the k™ scan line, control elec-
trodes of the fourth and seventh transistors are con-
nected to the k-17 scan line, and control electrodes of
the fifth and sixth transistors are connected to the k™
light emission control line.

6. The organic light emitting display device of claim 2,
wherein a control electrode of the auxiliary transistor is
connected to a pull-down control node of a light emission
stage connected to a k+a™ light emission control line from
among the light emission control lines, where a is a positive
integer.

7. The organic light emitting display device of claim 2,
wherein the auxiliary pixel in the p” row further comprises
an inverter connected 1o a k+a™ light emission contro] line
from among the light emission control lines and a control
electrode of the auxiliary transistor, the inverter being con-
figured:

to invert a light emission control signal supplied to the
k+o™ light emission control line, and

to supply an inverted light emission control signal to the
control electrode of the auxiliary transistor.

8. The organic light emitting display device of claim 2,

wherein the auxiliary pixel in the p” row comprises:

an auxiliary control transistor connected to a control
electrode of the auxiliary transistor and a gate-off
voltage line connected to a gate-off voltage supply; and

a resistor connected to the control electrode of the aux-
iliary transistor and a gate-on voltage line connected to
a gate-on voltage supply, and

wherein a control electrode of the auxiliary control tran-
sistor is connected to a k+a” light emission control line
from among the light emission control lines.
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9. The organic light emitting display device of claim 2,
further comprising:

a scan driver configured to supply scan signals to the scan

lines;

alight emission driver configured to supply light emission
control signals to the light emission control lines;

a first data driver configured to supply data voltages to the
data lines; and

a second data driver configured to supply auxiliary data
voltages to the auxiliary data lines,

wherein the second data driver is configured to supply one
of the auxiliary data voltages to the auxiliary pixel in
the p™ row in synchronization with data voltages sup-
plied to the display pixels in the p” row.

10. The organic light emitting display device of claim 9,

wherein the second data driver comprises:
an auxiliary data calculation unit configured to calculate
digital video data corresponding to a coordinate value
of a repaired pixel, from among the display pixels, as
auxiliary data;
a memory configured to store the auxiliary data and
configured to update the stored auxiliary data with
initialization data at each predetermined period; and
an auxiliary data voltage conversion unit configured to:
receive the auxiliary data or the initialization data from
the memory,

convert the auxiliary data or the initialization data into
auxiliary data voltages, and

output the auxiliary data voltages.

11. The organic light emitting display device of claim 1,
wherein the corresponding one of the auxiliary lines is
connected to an auxiliary pixel in a p+p” row from among
the auxiliary pixels and crosses display pixels in a p” row
from among the display pixels, wherein p and p are positive
integers.

12. The organic light emitting display device of claim 11,
wherein the corresponding one of the auxiliary lines is
connected to a display pixel from among the display pixels
in the p™ row.

13. The organic light emitting display device of claim 11,
wherein the display pixels in the p” row are connected to a
k-1? scan line from among the scan lines, a k™ scan line
from among the scan lines, and a k™ light emission control
line from among the light emission control lines, where k is
a positive integer of 2 or more, and

the auxiliary pixel in the p+p” row is connected to a
k+p-1? scan line from among the scan lines, a k+f*
scan line from among the scan lines, and a k+f* light
emission control line from among the light emission
control lines.

14. The organic light emitting display device of claim 13,
wherein the auxiliary pixel driver of the auxiliary pixel in the
p+p™ row comprises:

a first transistor configured to control the driving current

of the auxiliary pixel driver in response to a voltage of
a control electrode thereof;

a second transistor connected to one of the auxiliary data
lines and to a first electrode of the first transistor;

a third transistor connected to the control electrode of the
first transistor and to a second electrode of the first
transistor;

a fourth transistor connected to the control electrode of
the first transistor and to a second power voltage line
connected to a second power voltage supply;

a fifth transistor connected to the first electrode of the first
transistor and to a third power voltage line connected to
a third power voltage supply;
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a sixth transistor connected to the second electrode of the
first transistor and to the corresponding one of the
auxiliary lines;

a seventh transistor connected to the corresponding one of
the auxiliary lines and to the second power voltage line;
and

a storage capacitor connected to the control electrode of
the first transistor and to the third power voltage line,

wherein control electrodes of the second and third tran-
sistors are connected to the k+p™ scan line from among
the scan lines, control electrodes of the fourth and
seventh transistors are connected to the k+f-1" scan
line from among the scan lines, and control electrodes
of the fifth and sixth transistors are connected to the
k+p™ light emission control line from among the light
emission control lines.

15. The organic light emitting display device of claim 13,

wherein the auxiliary pixel driver comprises:

a first transistor configured to control the driving current
of the auxiliary pixel driver in response to a voltage of
a control electrode thereof;,

a second transistor connected to one of the auxiliary data
lines and to a first electrode of the first transistor;

a third transistor connected to the control electrode of the
first transistor and to a second electrode of the first
transistor;

a fourth transistor connected to the control electrode of
the first transistor and to the first power voltage line;

a fifth transistor connected to the first electrode of the first
transistor and to a third power voltage line connected to
a third power voltage supply:

a sixth transistor connected to the second electrode of the
first transistor and to the corresponding one of the
auxiliary lines; and

a storage capacitor connected to the control electrode of
the first transistor and to the third power voltage line,

wherein control electrodes of the second and third tran-
sistors are connected to the k+p™ scan line from among
the scan lines, a control electrode of the fourth transis-
tor is connected to the k+f-1? scan line from among
the scan lines, and respective control electrodes of the
fifth and sixth transistors are connected to the k+p™
light emission control line from among the light emis-
sion control lines.

16. The organic light emitting display device of claim 11,
wherein a control electrode of the auxiliary transistor is
connected to a k+B” scan line from among the scan lines.

17. The organic light emitting display device of claim 11,
further comprising:

a scan driver configured to supply scan signals to the scan

lines;

a light emission driver configured to supply light emission
control signals to the light emission control lines;

a first data driver configured to supply data voltages to the
data lines; and

a second data driver configured to supply auxiliary data
voltages to the auxiliary data lines,

wherein the second data driver is configured to supply the
auxiliary data voltages to an auxiliary pixel in a k+p”
row from among the auxiliary pixels in synchronization
with the data voltages supplied to display pixels in a k”
row from among the display pixels.

18. The organic light emitting display device of claim 17,

wherein the second data driver comprises:
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an auxiliary data calculation unit configured to calculate
digital video data corresponding to a coordinate value
of a repaired pixel, from among the display pixels, as
auxiliary data;
a memory configured to store the auxiliary data and
configured to update the stored auxiliary data with
initialization data at each predetermined period; and
an auxiliary data voltage conversion unit configured to:
receive the auxiliary data or the initialization data from
the memory,

convert the auxiliary data or the initialization data into
an auxiliary data voltage, and

output the auxiliary data voltage by delaying the aux-
iliary data voltage by f times a horizontal period.

19. The organic light emitting display device of claim 1,

wherein each of the display pixels comprises:

an organic light emitting diode; and

a display pixel driver comprising a plurality of transistors
and configured to supply a display pixel driving current
to the organic light emitting diode,

wherein the display pixel driver comprises:

a first transistor configured to control the display pixel
driving current in response to a voltage of a control
electrode thereof;
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a second transistor connected to one of the data lines and
to a first electrode of the first transistor;

a third transistor connected to the control electrode of the
first transistor and to a second electrode of the first
transistor;

a fourth transistor connected to the control electrode of
the first transistor and to a second power voltage line
connected to a second power voltage supply;

a fifth transistor connected to the first electrode of the first
transistor and to a third power voltage line connected to
a third power voltage supply;

a sixth transistor connected to the second electrode of the
first transistor and to an anode electrode of the organic
light emitting diode;

a seventh transistor connected to the anode electrode of
the organic light emitting diode and to the second
power voltage line; and

a storage capacitor connected to the control electrode of
the first transistor and to the third power voltage line.

20. The organic light emitting display device of claim 1,

wherein the display device is configured to supply the first
power voltage as a voltage with a triangle wave for one
frame period.
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