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THEREOF

(57)  Inaccordance with embodiments of the present
disclosure, a gate driver is provided that includes: a se-
lector receiving a first low voltage and a second low volt-
age with a lower level than the first low voltage, and se-
lecting and outputting one of the first low voltage and the
second low voltage such that in response to a mode se-
lection signal, the first low voltage is selected in a first
mode and the second low voltage is selected in a second
mode, and a level shifter including a first output terminal
receiving a high voltage and the first low voltage, and

GATE DRIVER, ORGANIC LIGHT EMITTING DISPLAY DEVICE AND DRIVING METHOD

outputting a clock signal with a voltage level between the
high voltage and the firstlow voltage, and a second output
terminal outputting a direct current (DC) signal corre-
sponding to the firstlow voltage or the second low voltage
selected in the selector. Further, accordance with em-
bodiments of the present disclosure, provided are an or-
ganic light emitting display device including the gate driv-
er and a method of driving the gate driver and the organic
light emitting display device.
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Description

[0001] This application claims the priority benefit of Ko-
rean Patent Application No. 10-2018-0101931, filed on
August 29, 2018 in the Korean Intellectual Property Of-
fice.

BACKGROUND

Field of the Disclosure

[0002] The present disclosure relates to gate drivers,
organic light emitting display devices including the same
and methods of driving the gate drivers and organic light
emitting display devices.

Description of the Background

[0003] As the information society has developed at a
rapid rate, there is an increasing need for display devices
employing advanced technologies and more efficient
methods. Recently, various types of flat display devices,
such as a liquid crystal display (LCD) device, a plasma
display panel (PDP) device, an organic light emitting dis-
play (OLED) device, or the like, have been developed
and utilized.

[0004] Among the flatdisplay devices, the organic light
emitting display device has advantageous to a thinner
display device, and has better viewing angles, a higher
contrast ratio and the like. Accordingly, the organic light
emitting display device has been widely used in various
types of devices. The organic light emitting display device
emits light and displays images by supplying driving cur-
rents to one or more organic light emitting diodes capable
ofdirectly illuminating each pixel. However, the light emit-
ting performance of the organic light emitting diode may
not remain constant indefinitely. As the organic light emit-
ting diode ages over time and use, it may be degraded,
and when displaying still images with a high luminance,
it may be further degraded. The organic light emitting
diode may have a problem that an undesired after-image
can be perceived due to the degradation; therefore, its
lifetime can be shortened.

[0005] Furthermore, threshold voltages of driving tran-
sistors supplying driving voltages to the organic light
emitting diode may change due to process variations; as
a result, there is a possibility that a difference in driving
currents between subpixels occurs. When a difference
in the driving currents occurs, the luminance of the or-
ganic light emitting diodes may not be uniform across the
display; therefore, there is a possibility that the quality of
displayed images reduces. When the organic light emit-
ting diode is degraded, there is a possibility that it emits
light at luminance lower than a gray scale voltage.
[0006] Accordingly, in order to prevent display quality
from being reduced, the organic light emitting device can
be operated in a sensing mode for sensing characteris-
tics of a display panel and in a display mode for revising
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data signals based on sensed results, and displaying im-
ages using the revised data signals.

[0007] Furthermore, inthe case of an active matrix type
of organic light emitting display device, data signals can
be applied to subpixels in response to gate signals; there-
fore, light corresponding to the data signals can be emit-
ted from the subpixels. However, in the case of organic
lightemitting display devices with a large area and a high-
er resolution, resistance-capacitance (RC) delay may in-
crease; therefore a gate signal may be delayed. The de-
lay of the gate signal may result in a data signal corre-
sponding to an intended subpixel being applied to a data
signal corresponding to another subpixel; therefore,
there is a possibility that the quality of displayed images
may reduce.

SUMMARY

[0008] Accordingly, the present disclosure is directed
to gate drivers, organic light emitting display devices and
methods of driving the gate drivers and the organic light
emitting display devices that substantially obviate one or
more problems due to limitations and disadvantages of
the prior art.

[0009] Itis atleast one object of the present disclosure
to provide gate drivers and organic light emitting display
devices capable of preventing display quality from being
reduced, and methods of driving the gate drivers and the
organic light emitting display devices.

[0010] Itis atleast one object of the present disclosure
to provide gate drivers and organic light emitting display
devices capable of preventing a gate signal from being
delayed due to RC delay, and methods of driving the gate
drivers and the organic light emitting display devices.
[0011] Itis atleast one object of the present disclosure
to provide gate drivers and organic light emitting display
devices with a large area and a higher resolution, and
methods of driving the gate drivers and the organic light
emitting display devices.

[0012] The objects are solved by the features of the
independent claims. In accordance with one aspect of
the present disclosure, a gate driver, in particular for an
organic light emitting display device, includes: a selector
receiving a first low voltage and a second low voltage
with a lower level than the first low voltage, and selecting
and outputting one of the first low voltage and the second
low voltage such that in response to a mode selection
signal, the first low voltage is selected in a first mode and
the second low voltage is selected in a second mode,
and a level shifter including a first output terminal receiv-
ing a high voltage and the firstlow voltage, and outputting
a clock signal with a voltage level between the high volt-
age and the first low voltage, and a second output termi-
nal outputting a direct current (DC) signal corresponding
to the first low voltage or the second low voltage selected
in the selector.

[0013] In accordance with one aspect of the present
disclosure, a gate driver, in particular for an organic light
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emitting display device, includes: a selector connected
to a power supplier for receiving a first low voltage and
a second low voltage with a lower level than the first low
voltage therefrom, the selector being configured to select
and output one of the first low voltage and the second
low voltage in response to a mode selection signal, such
that the first low voltage is selected in a first mode and
the second low voltage is selected in a second mode,
and a level shifter being connected to the selector and
to the power supplier for receiving a high voltage and the
firstlow voltage, the level shifter being configured to gen-
erate a clock signal with a voltage level between the high
voltage and the firstlow voltage, and a direct current (DC)
signal corresponding to the first or second low voltage
depending on the selection by the selector. The level
shifter may be connected to the selector in order to re-
ceive the selected one of the first or second low voltage.
The first mode may be referred to as sensing mode, the
second mode may be referred to as displaying mode.
[0014] The gate driver may further comprise a gate sig-
nal generating circuit receiving the clock signal and the
direct current signal and outputting a gate signal such
that in the first mode, a voltage level of the gate signal
repeats the high voltage and the first low voltage, and in
the second mode, the voltage level of the gate signal is
changed in the order of the high voltage, the second low
voltage, the first low voltage and the high voltage.
[0015] The level shifter may further comprise a control
logic; a clock signal generator controlled by the control
logic and outputting the clock signal using the high volt-
age and the first low voltage; and a control signal gener-
ator controlled by the control logic and controlling the
gate signal generating circuit.

[0016] The gate driver may further comprise a timing
controller outputting a sensing signal in the first mode
and outputting an image signal in the second mode. The
mode selection signal may be received from the timing
controller.

[0017] In accordance with another aspect of the
presentdisclosure, an organiclight emitting device is pro-
vided that includes a gate driver according to any one of
the herein described embodiments. Thus, thee organic
light emitting device may include: a display panel on
which a plurality of data lines and a plurality of gate lines
intersect, and which includes a plurality of subpixels de-
fined in areas in which the plurality of data lines and the
plurality of gate lines intersect, a data driver applying one
or more data signals or sensing signals to the data lines,
a gate driver applying one or more gate signals to the
gate lines, a timing controller controlling the data deliver
and the gate driver, a selector receiving a first low voltage
and a second low voltage with a lower level than the first
low voltage, and selecting and outputting one of the first
low voltage and the second low voltage such that in re-
sponse to a mode selection signal, the first low voltage
is selected in a first mode and the second low voltage is
selected in a second mode, and a level shifter including
a first output terminal receiving a high voltage and the
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first low voltage, and outputting a clock signal with a volt-
age level between the high voltage and the first low volt-
age, and a second output terminal outputting a direct
current (DC) signal corresponding to the first low voltage
or the second low voltage selected in the selector.
[0018] The gate driver may further comprise a gate sig-
nal generating circuit receiving the clock signal and the
direct current signal and outputting a gate signal such
that in the first mode, a voltage level of the gate signal
repeats the high voltage and the first low voltage, and in
the second mode, the voltage level of the gate signal is
changed in the order of the high voltage, the second low
voltage, the first low voltage and the high voltage.
[0019] The gate signal generating circuit may be dis-
posed on the display panel and connected to the plurality
of gate lines.

[0020] The level shifter may further comprise a control
logic; a clock signal generator controlled by the control
logic and outputting the clock signal using the high volt-
age and the first low voltage; and a control signal gener-
ator controlled by the control logic and controlling the
gate signal generating circuit.

[0021] The timing controller may be configured to
cause the data driver to output at least one sensing volt-
age corresponding to the at least one sensing signal to
at least one data line of the plurality of data lines, in the
first mode. The timing controller may be configured to
cause the data driver to output at least one data voltage
corresponding to the at least one data signal to the at
least one data line, in the second mode.

[0022] Each of the plurality of subpixels may comprise
a first transistor including a first electrode connected to
a first node connected to a first power supply line for
delivering a high pixel voltage, a gate electrode connect-
ed to a second node, and a second electrode connected
to a third node; a second transistor including a first elec-
trode connected to at least one data line of the plurality
of data lines, a gate electrode connected to at least one
gate line of the plurality of gate lines, and a second elec-
trode connected to the second node; a third transistor
including a first electrode connected to the third node, a
gate electrode connected to a sensing signal line, and a
second electrode connected to a second power supply
line for delivering a reference voltage; a capacitor con-
nected between the first node and the third node; and an
organiclightemitting diode including afirst electrode con-
nected to the third node and a second electrode connect-
ed to a low voltage.

[0023] The organic light emitting display device may
further comprise a current sensor sensing a current flow-
ing through the third node and outputting information ac-
cording to a characteristic value of at least one subpixel
of the plurality of subpixels.

[0024] The current sensor may include an integrator
comparing a sensing voltage generated by the current
flowing through the third node with a pre-set reference
voltage, and outputting the information according to the
characteristic value of the at least one subpixel.
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[0025] The first mode and the second mode may be
repeated alternately.

[0026] The first mode may be performed when the dis-
play panel starts to operate.

[0027] In accordance with further another aspect of the
present disclosure, a method of driving an organic light
emitting device is provided that includes: providing a
sensing voltage to a subpixel in response to a gate signal
in a first mode, and providing a data voltage to the sub-
pixel in response to the gate signal in a second mode.
Here, in the first mode, a voltage level of the gate signal
is changed in the order of a first low voltage, a high volt-
age, a second low voltage, and the first low voltage, and
in the second mode, the voltage level of the gate signal
repeats the first low voltage and the high voltage.
[0028] The method may further comprise: receiving a
pulse signal or clock signal with a voltage level between
the high voltage and the first low voltage, and a direct
current signal corresponding to a voltage level of the sec-
ond low voltage, and outputting a gate signal, in the first
mode.

[0029] The method may further comprise receiving a
pulse signal or clock signal with a voltage level between
the high voltage and the first low voltage, and a direct
current signal corresponding to a voltage level of the first
low voltage, and outputting a gate signal, in the second
mode.

[0030] According to another aspect, a method for con-
trolling a gate driver for an organic light emitting display
device or for controlling a light emitting display device
having a gate driver may include receiving, e.g. by a se-
lector, a first low voltage and a second low voltage with
a lower level than the first low voltage, and selecting and
outputting one of the first low voltage and the second low
voltage such that in response to a mode selection signal,
the first low voltage is selected in a first mode and the
second low voltage is selected in a second mode, and
receiving, e.g. by a first output terminal of a level shifter,
a high voltage and the first low voltage, and outputting a
clock signal with a voltage level between the high voltage
and the first low voltage, and outputting, e.g. by a second
output terminal of the level shifter, a direct current (DC)
signal corresponding to the selected one of the first low
voltage or the second low voltage. The mode selection
signal may be provided by a timing controller.

[0031] The method may further comprise in response
to receiving the clock signal and the direct current signal,
outputting a gate signal such that in the first mode, a
voltage level of the gate signal repeats the high voltage
and the first low voltage, and in the second mode, the
voltage level of the gate signal is changed in the order
of the high voltage, the second low voltage, the first low
voltage and the high voltage.

[0032] The method may further comprise outputting a
sensing signal in the first mode and outputting an image
signal in the second mode, e.g. by the timing controller.
[0033] The method may further comprise outputting at
least one sensing voltage corresponding to the at least
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one sensing signal to at least one data line of a plurality
of data lines of the organic light emitting display device,
in the first mode, and outputting at least one data voltage
corresponding to the at least one data signal to the at
least one data line, in the second mode.

[0034] The method may further comprise sensing a
current flowing through a predetermined node of one of
a plurality of subpixels of the organic light emitting device
and outputting information according to a characteristic
value of said subpixel. The method may further comprise
comparing a sensing voltage generated by the current
flowing through the predetermined node with a pre-set
reference voltage, e.g. before outputting the information
according to the characteristic value.

[0035] The first mode and the second mode may be
repeated alternately. The first mode may be performed
when the organic light emitting display device or a display
panel thereof starts to operate.

[0036] Inaccordance withembodiments of the present
disclosure, it is possible to provide an organic light emit-
ting display device capable of improving the quality of
displayed images, and a method of driving the organic
light emitting display device.

[0037] Inaccordance withembodiments of the present
disclosure, it is possible to provide an organic light emit-
ting display device capable of preventing a gate signal
from being delayed due to RC delay, and a method of
driving the organic light emitting display device.

[0038] Inaccordance withembodiments of the present
disclosure, it is possible to provide an organic light emit-
ting display device with alarge area and a high resolution,
and a method of driving the organic light emitting display
device.

[0039] Additional features and advantages of the dis-
closure will be set forth in the description which follows
and in part will be apparent from the description, or may
be learned by practice of the disclosure. The objectives
and other advantages of the disclosure will be realized
and attained by the structure particularly pointed out in
the written description and claims hereof as well as the
appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040]

FIG. 1 is a view schematically illustrating an organic
light emitting display device according to embodi-
ments of the present disclosure.

FIG. 2 is a circuit diagram illustrating the subpixel
illustrated in FIG. 1 according to embodiments of the
present disclosure.

FIG. 3isadiagramillustrating arelationship between
the gate driver and the power supplier illustrated in
FIG. 1 according to embodiments of the present dis-
closure.

FIG. 4 is a diagram illustrating the display panel il-
lustrated in FIG. 1 according to embodiments of the
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present disclosure.

FIG. 5A illustrates a waveform of a signal outputted
from a level shifter in a first mode according to em-
bodiments of the present disclosure.

FIG. 5B illustrates a waveform of a gate signal out-
putted from a gate signal generating circuit in the
first mode according to embodiments of the present
disclosure.

FIG. 6A illustrates a waveform of a signal outputted
from the level shifter in a second mode according to
embodiments of the present disclosure.

FIG.6B illustrates a waveform of a gate signal out-
putted from the gate signal generating circuit in the
second mode according to embodiments of the
present disclosure.

FIG. 7 is a diagram illustrating the level shifter illus-
trated in FIG. 3 according to embodiments of the
present disclosure.

FIG. 8is acircuitdiagramillustrating a current sensor
connected to the subpixel illustrated in FIG. 2 ac-
cording to embodiments of the present disclosure.
FIG. 9 illustrates a current sensed from the current
sensor illustrated in FIG. 8 according to embodi-
ments of the present disclosure.

FIG. 10 is a flow diagram illustrating a method of
driving the organic light emitting display device ac-
cording to embodiments of the present disclosure.

DETAILED DESCRIPTION

[0041] Hereinafter, the present preferred embodi-
ments of the disclosure will be described in detail with
reference to the accompanying drawings. In denoting el-
ements of the drawings by reference numerals, the same
elements will be referenced by the same reference nu-
merals although the elements are illustrated in different
drawings. In the following description of the disclosure,
detailed description of known functions and configura-
tions incorporated herein may be omitted when it may
make the subject matter of the disclosure rather unclear.
[0042] Terms, such as first, second, A, B, (A), or (B)
may be used herein to describe elements of the disclo-
sure. Each of the terms is not used to define essence,
order, sequence, or number of an element, but is used
merely to distinguish the corresponding element from an-
other element. When it is mentioned that an element is
"connected" or "coupled" to another element, it should
be interpreted that another element may be "interposed"”
between the elements or the elements may be "connect-
ed" or "coupled" to each other via another element as
well as that one element is directly connected or coupled
to another element.

[0043] FIG. 1is a view schematically illustrating an or-
ganic light emitting display device according to embodi-
ments of the present disclosure.

[0044] Referring to FIG. 1, the organic light emitting
display device can include a display panel 110, a gate
driver 120, a data driver 130, a timing controller 140, and
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a power supplier 150.

[0045] The display panel 110 can include a plurality of
gate lines (GL1,...,GLn) and a plurality of data lines
(DL1,...,.DLm), which intersect each other on the display
panel 110 at a predetermined angle. The display panel
110 can include a plurality of subpixels 101 arranged to
correspond to areas in which the plurality of gate lines
(GLA1,...,GLn) and the plurality of data lines (DL1,...,DLm)
intersect each other. The plurality of subpixels can in-
clude at least one organic light emitting diode and a pixel
circuit supplying a driving current to the at least one or-
ganic light emitting diode. The pixel circuit is connected
to the plurality of gate lines (GL1,...,GLn) and the plurality
of data lines (DL1,...,DLm), and can supply the driving
current to the at least one organic light emitting diode.
Here, in FIG. 1, the plurality of gate lines (GL1,...,GLn)
and the plurality of data lines (DL1,...,DLm) are arranged
in the display panel 110. However, embodiments of the
present disclosure are not limited thereto and other ar-
rangements are possible.

[0046] The datadriver 120 can apply one or more data
voltages Vdata corresponding to one or more data sig-
nals to the plurality of data lines (DL1,...,DLm). The data
voltage may correspond to gray scale. The data driver
120 can apply one or more sensing voltages Sdata cor-
responding to one or more sensing signals to the plurality
of data lines (DL1,...,DLm). The sensing voltage may be
lower than a threshold voltage of the organic light emitting
diode. When the sensing voltage is lower than a threshold
voltage of the organic light emitting diode, the organic
light emitting diode may not emit light. In this situation,
even when the sensing signal is delivered, there is a pos-
sibility that a corresponding image may not be displayed
on the display panel 110. Further, the sensing signal may
have a gray scale voltage corresponding to black. It is
noted that a single data driver 120 is illustrated in FIG.
1, but embodiments of the present disclosure are not
limited thereto. The number of data drivers may be de-
termined according to the size or resolution of the display
panel 110. For example, two or more data drivers may
be employed. In addition, the data driver 120 may be
implemented as an integrated circuit.

[0047] The gate driver 130 can apply one or more gate
signals to the gate lines (GL1,...,DLm). One or more pix-
els 101 corresponding to the gate lines (GLA1,...,GLn) to
which one or more gate signals are applied can receive
one or more data signals. Further, the gate driver 130
can transfer a sensing control signal to one or more sub-
pixels 101. The subpixel 101 received the sensing control
signal outputted from the gate driver 130 can receive a
sensing voltage outputted from the data driver 120. Itis
noted that a single gate driver 130 is illustrated in FIG.
1, but embodiments of the present disclosure are not
limited thereto. The number of data drivers may be de-
termined according to the size or resolution of the display
panel 110. For example, two or more gate drivers may
be employed. Further, the gate driver 130 can include
two gate drivers disposed on both sides of the display
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panel 110, and one can be connected to one or more
odd numbered gate lines of the plurality of gate lines
(GL1,...,GLn) and the other can be connected to one or
more even numbered gate lines of the plurality of gate
lines (GLA1,...,GLn). However, embodiments of the
presentdisclosure are not limited thereto, and other con-
figurations are possible. The gate driver 130 may be im-
plemented as an integrated circuit.

[0048] The timing controller 140 can control the data
driver 120 and the gate driver 130. Further, the timing
controller 140 can transfer a data signal and a sensing
signal to the data driver 120. The data signal and the
sensing signal may be digital signals. Further, the timing
controller 140 can revise a data signal and transfer the
revised signal to the data driver 120. Herein, operations
of the timing controller 140 are not limited thereto, and
other various operations or controlling are possible. The
timing controller 140 may be implemented as an integrat-
ed circuit. Further, the timing controller 140 can revise a
data signal in response to a sensing signal and transfer
the revised signal to the data driver 120.

[0049] A power supplier 150 can supply driving voltag-
es of the data driver 120, the gate driver 130, and the
timing controller 140. In addition, the power supplier 150
can supply a driving voltage of the display panel 150.
The power supplier 150 may be a power management
integrated circuit (PMIC) 150. However, embodiments of
the present disclosure are not limited thereto, and other
configurations are possible.

[0050] FIG. 2 is a circuit diagram illustrating the sub-
pixel illustrated in FIG. 1 according to embodiments of
the present disclosure.

[0051] ReferringtoFIG. 2, the subpixel 101 caninclude
an organic light emitting diode (OLED) and a pixel circuit
for driving the organic light emitting diode (OLED). The
pixel circuit can include a first transistor M1, a second
transistor M2, a third transistor M3, and a capacitor CS.
[0052] A first electrode of the first transistor M1 can be
connected to a first node N1 connected to a first power
supply line VL1 for delivering a pixel high voltage EVDD.
The gate electrode of the first transistor M1 can be con-
nected to a second node N2, and a second electrode
thereof can be connected to a third node N3. The first
transistor M1 enables a current to flow from the first node
N1 to the third node N3 in response to a voltage delivered
to the second node N2. The first electrode and the second
electrode of the first transistor M1 may be a drain elec-
trode and asource electrode, respectively. However, em-
bodiments of the present disclosure are not limited there-
to, and other configurations are possible.

[0053] The current flowing from the first node N1 to the
third node N3 may correspond to Equation 1 as follows.

[Equation 1]

Id = k(Vgs — Vth)?
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Here, the Id denotes an amount of current flowing from
the first node N1 to the third node N3, the k denotes
electron mobility of the transistor, the VGS denotes a
difference in voltages between the gate electrode and
the source electrode of the first transistor M1, and the
Vth denotes a threshold voltage of the first transistor M1.
[0054] Accordingly, since an amount of current varies
depending on a deviation in the electron mobility and the
threshold voltage; it is therefore possible to prevent the
quality of displayed images from being reduced by revis-
ing a corresponding data signal in response to the devi-
ation in the electron mobility and the threshold voltage.
[0055] The gate electrode of the second transistor M2
can be connected to a gate line GL, and first and second
electrodes thereof can be connected to a data line DL
and the second node N2, respectively. Accordingly, the
second transistor M2 enables a data voltage Vdata cor-
responding to the data signal to be delivered to the sec-
ond node N2 in response to the gate signal delivered
through the gate line GL. The first electrode and the sec-
ond electrode of the second transistor M2 may be a drain
electrode and asource electrode, respectively. However,
embodiments of the present disclosure are not limited
thereto, and other configurations are possible.

[0056] The gate electrode of the third transistor M3 can
be connected to a sensing control signal line (Sense),
and firstand second electrodes thereof can be connected
to the third node N3 and a second power supply line VL2
for delivering a reference voltage Vref, respectively. The
reference voltage Vref can reset a voltage in the third
node N3. In addition, a voltage applied to the third node
N3 may include information corresponding to a charac-
teristic value of the subpixel 101. Accordingly, a data sig-
nal may be compensated according to the characteristic
value of the subpixel through the voltage applied to the
third node N3. In addition, a current flowing through the
third node N3 may include information corresponding to
the characteristic value of the subpixel 101. In this situ-
ation, the third transistor M3 connected to the third node
N3 is connected to a current sensor; therefore, in the
current sensor, a current flowing through the third node
N3 can be sensed, and the characteristic value of the
subpixel 101 can be detected. The characteristic value
of the subpixel 101 may be a threshold voltage or electron
mobility of the first transistor M1, or degradation informa-
tion of the organic light emitting diode (OLED). However,
embodiments of the present disclosure are not limited
thereto, and other characteristic values are possible. The
first electrode and the second electrode of the third tran-
sistor M3 may be a drain electrode and a source elec-
trode, respectively. However, embodiments of the
present disclosure are not limited thereto, and other con-
figurations are possible.

[0057] The capacitor CS can be connected between
the second node N2 and the third node N3. The capacitor
CS may constantly maintain voltages in the gate elec-
trode and the source electrode of the first transistor M1.
[0058] The anode electrode and the cathode electrode
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of the organic light emitting diode (OLED) can be con-
nected to the third node N3 and a pixel low voltage EVSS,
respectively. Here, the pixel low voltage EVSS may be
a ground voltage. However, embodiments of the present
disclosure are not limited thereto, and other voltages are
possible. When current flows from the anode electrode
to the cathode electrode, the organic light emitting diode
(OLED) can emit light depending on an amount of the
current. The organic light emitting diode (OLED) can emit
light of any one of red, green, blue, and white. However,
embodiments of the present disclosure are not limited
thereto, and emitting light of other colors is possible.
[0059] A subpixel to be employed in the organic light
emitting display device 100 is not limited to the subpixel
101 described above.

[0060] FIG. 3 is a diagram illustrating a relationship
between the gate driver and the power supplierillustrated
in FIG. 1 according to embodiments of the present dis-
closure.

[0061] Referring to FIG. 3, the gate driver 130 can op-
erate by a power from the power supplier 150. The gate
driver 130 can include a selector 130c and a level shifter
130a.

[0062] The selector 130c canreceive afirstlow voltage
VGL1 and a second low voltage VGL2 with a lower level
than the first low voltage VGL1, and select and output
one of the first low voltage VGL1 and the second low
voltage VGL2 such that in response to a mode selection
signal, the first low voltage is selected in a first mode and
the second low voltage is selected in a second mode.
The selector 130c may be a multiplexer. The selector
130c can receive the mode selection signal from the tim-
ing controller 140. The timing controller 140 can cause
the data driver 120 to output a sensing signal to the sub-
pixel 101 in the first mode, and cause the data driver 120
to output a data signal to the subpixel 101 in the second
mode. The first mode may be a mode for sensing a char-
acteristic value ofthe subpixel 101, and the sensing mode
may be amode fordriving the subpixel 101 and displaying
images on the display panel. The timing controller 140
shown in FIG. 1 can cause the data driver 120 to output
a sensing voltage corresponding to the sensing signal to
a data line in the first mode, and cause the data driver
120 a data voltage corresponding to the data signal to
the data line in the second mode.

[0063] The level shifter 130a can include a first output
terminal receiving a high voltage VGH and the first low
voltage VGL1, and outputting a clock signal CLKs with a
voltage level between the high voltage VGH and the first
low voltage VGL1, and a second output terminal output-
ting a direct current (DC) signal corresponding to the first
low voltage VGL1 or the second low voltage VGL2 se-
lected in the selector 130c. Here, FIG. 3 shows that the
high voltage VGH, the first low voltage VGL1 and/or the
second low voltage VGL2 are applied to the level shifter
130a; however, signals and voltages applied to the level
shifter 130a are not limited thereto. For example, one or
more other signals and voltages can be applied to the
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level shifter 130a.

[0064] The gate driver 130 can include a gate signal
generating circuit 130b outputting a gate signal (gate).
The gate signal generating circuit 130b can receive the
clock signal CLKs and the direct current (DC) signal and
output the gate signal (gate). Here, in the first mode, a
voltage level of the gate signal (gate) is changed in the
order of the high voltage VGH, the second low voltage
VGL2, the first low voltage VGL1, and the high voltage
VGH, and in the second mode, the voltage level of the
gate signal (gate) repeats the high voltage VGH and the
first low voltage VGLA1.

[0065] The gate signal generating circuit 130b can out-
put the gate signal (gate) using the clock signal repeating
a high state and a low state such that a voltage level in
the low state in a falling interval of the clock signal CLKs
corresponds to a voltage of the direct current (DC) signal.
That is, when the voltage level of the direct current (DC)
signal corresponds to the first low voltage VGL1, the volt-
age level in the high state of the gate signal (gate) can
be the high voltage VGH, and the voltage level in the low
state thereof can be the first low voltage VGL1. Further,
when the voltage level of the direct current (DC) signal
corresponds to the second low voltage VGL2, the voltage
level in the high state of the gate signal (gate) can be the
high voltage VGH, and the low state of the gate signal
(gate) can include the first low voltage VGL1 and the
second low voltage VGL2 such that the gate signal (gate)
first becomes the second low voltage VGL2 for a certain
time in the falling interval and thereafter, becomes the
first low voltage VGL1 by the rising of the voltage level.
[0066] The gate driver 130 can receive the high voltage
VGH, the first low voltage VGL1, and the second low
voltage VGL2 from the power supplier 150. The power
supplier 150 can generate the high voltage VGH and the
firstlow voltage VGL1 and transfer these to the level shift-
er 130a. Further, the power supplier 150 can transfer the
second low voltage VGL2 different from the first low volt-
age VGLA1 to the selector 130c. However, embodiments
ofthe presentdisclosure are notlimited thereto, and other
configurations are possible.

[0067] FIG. 4is adiagram illustrating the display panel
illustrated in FIG. 1 according to embodiments of the
present disclosure.

[0068] Referring to FIG. 4, the display panel 110 can
include a display area 110a and one or more non-display
areas 110b and 110c. The non-display area can be dis-
posed in both sides 110b, 110c of the display area 110a,
such as left and right sides or top and bottom sides. How-
ever, embodiments of the present disclosure are not lim-
ited thereto, and the non-display area can be disposed
in other one or more areas. The gate signal generating
circuit 130b shown in FIG. 3 can be disposed in the non-
display area 110b or 110c. Accordingly, the gate signal
generating circuit 130b can be formed in conjunction with
the display panel 110; therefore, a related manufacturing
process can be simplified.

[0069] FIG. 5A illustrates a waveform of a signal out-
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putted from the level shifter in the first mode according
to embodiments of the present disclosure, i.e. sensing
mode.

[0070] Referring to FIG. 5A, the level shifter 130a can
receive a high voltage VGH and a first low voltage VGL1
and output a clock signal CLK. The clock signal CLK out-
putted from the level shifter 130a may have a voltage
level between the high voltage VGH and the first low volt-
age VGLA1. Voltage levels of the high voltage VGH and
the firstlow voltage VGL1 may be 24V and (-)6V, respec-
tively. However, embodiments of the present disclosure
are not limited thereto, and different voltage values are
possible. In addition, the level shifter 130a can output a
direct current (DC) signal. A voltage level of the direct
current (DC) signal may be the first low voltage VGL1
selected in the selector 130c.

[0071] FIG. 5B illustrates a waveform of a gate signal
outputted from the gate signal generating circuit in the
first mode according to embodiments of the present dis-
closure.

[0072] Referring to FIG. 5B, the first mode may be a
mode for sensing a characteristic value of the subpixel
101.

[0073] Inthe first mode, the gate signal generating cir-
cuit 130b can generate a gate signal using a high voltage
VGH and afirst low voltage VGL1 received from the level
shifter 130a. The gate signal (gate) has a voltage of a
direct current (DC) signal in a falling interval, and since
the voltage of the direct current (DC) signal has the volt-
age level of the first low voltage VGL1, the gate signal
(gate) repeats the high voltage VGH level and the first
low voltage VGL1 level. When sensing a characteristic
value of the subpixel 101 using current sensing in the
sensing mode, since a capacitance formed inside of the
data driver 120 is used, it is sensitive to a noise outside
thereof. The sensing signal becomes coupled to a volt-
age level of the gate signal (gate); therefore a sensing
noise may occur. In this situation, when the voltage level
of the gate signal (gate) falls to the voltage level of the
second low voltage VGL2 and then rises and reaches
the voltage level of the first low voltage VGL1, it may be
considered as a noise; thus related sensing data may be
different from desired data. However, when the voltage
level of the gate signal (gate) repeats the voltage level
of the high voltage VGH and the voltage level of the low
voltage VGL1, it is possible to prevent the sensing data
from being different from desired data due to the noise.
[0074] FIG. 6A illustrates a waveform of a signal out-
putted from the level shifterin the second mode according
to embodiments of the present disclosure, i.e. to the dis-
play mode.

[0075] Referring to FIG. 6A, the level shifter 130a can
receive a high voltage VGH and a first low voltage VGL1
and output a clock signal CLK. The clock signal CLK out-
putted from the level shifter 130a may have a voltage
level between the high voltage VGH and the first low volt-
age VGL1. In addition, the level shifter 130a can output
a direct current (DC) signal. A voltage level of the direct
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current (DC) signal may be a second low voltage VGL2
selected in the selector 130c. Voltage levels of the high
voltage VGH, the first low voltage VGL1, and the second
low voltage VGL2 may be 24V, (-)6V, and (-)18V, respec-
tively. However, embodiments of the present disclosure
are not limited thereto, and different voltage values are
possible.

[0076] FIG.6B illustrates a waveform of a gate signal
outputted from the gate signal generating circuit in the
second mode according to embodiments of the present
disclosure.

[0077] Referring to FIG. 6B, the second mode may be
a display mode for displaying images through light-emit-
ting of the subpixel 101.

[0078] Inthe second mode, the gate signal generating
circuit 130b can generate a gate signal (gate) using a
high voltage VGH, afirstlow voltage VGL1, and a second
low voltage VGL2 received from the level shifter 130a.
The gate signal (gate) falls up to the direct current (DC)
signal in a falling interval where the voltage falls. Since
the voltage of the direct current (DC) signal has the volt-
age level of the second low voltage VGL2, the gate signal
(gate) falls from the high voltage VGH level up to the
second low voltage VGL2 level in the falling interval, and
thereafter, rises and reaches the first low voltage VGL1.
That is, in the second mode, current is required to flow
through the organic light emitting diode (OLED), rather
than performing current sensing; therefore, a situation in
the second mode is less affected by external noises than
that in the first mode.

[0079] Here, the display panel 110 causes a data volt-
age corresponding to a data signal to be applied to the
subpixel 101 in a turn-on interval of the gate signal (gate);
therefore, causes light corresponding to a data signal to
emit from each subpixel 101 and a corresponding image
to be displayed. In the case of the display panel 110 with
alarge area and a highresolution, RC delay canincrease;
therefore, the entering of the gate signal (gate) into a
turn-off interval can be delayed. When the turn-off of the
gate signal (gate) is delayed, there is a possibility that
data signals are mismatched to intended subpixels 101.
To solve or address such a problem, by reducing the
falling interval of the gate signal (gate) and allowing the
gate signal (gate) to enter rapidly the turn-off interval, it
is possible to prevent data signals from being mis-
matched to intended subpixels 101. In the falling interval,
the greater a difference in voltages in the high and low
states is, the shorter the falling interval becomes; there-
fore, the gate signal (gate) can enter the turn-off interval
rapidly. Furthermore, it is possible to prevent power con-
sumption from being increased by not allowing a voltage
in the high state to be a certain high level. Summarizing,
in the second mode, the display process is less sensitive
to noise, but an RC delay should be prevented. There-
fore, a gate signal having three levels is used in order to
increase the difference between the highest voltage level
and the lowest voltage level, and thus to rapidly change
between the two voltage levels. In contrast, in the first
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mode, the sensing process is very sensitive to noise, so
that a gate signal having three levels would be disadvan-
tageous, while an RC delay is not so important. There-
fore, a two-level gate signal is used during the sensing
mode.

[0080] FIG. 7 is a diagram illustrating the level shifter
illustrated in FIG. 3 according to embodiments of the
present disclosure.

[0081] Referring to FIG. 7, the level shifter 130a can
include a control logic 131a, a clock signal generator
131b, and a control signal generator 131c. The control
logic 131a can receive a first clock GCLK and a second
clock MCLK, and control the operations of the clock signal
generator 131b and the control signal generator 131c.
The clock signal generator 131b can output a high voltage
VGH and a first low voltage VGL1 to a plurality of clock
signals (CLK1,...,CLK6) according to the controlling of
the control logic 131a. Six clock signals (CLK1,...,CLK6)
outputted from the clock signal generator 131b is illus-
trated in FIG. 7, but embodiments of the present disclo-
sure are not limited thereto and any number of clock sig-
nals are possible. The control signal generator 131c can
output a control signal VST or RESET for controlling the
gate signal generating circuit 130b. By the control signal
VST or RESET outputted from the control signal gener-
ator 131c, the gate signal generating circuit 130b can
output a gate signal (gate) in the first mode and a gate
signal (gate) in the second mode, using the clock signal
(CLK1,...,CLK®6) and the direct current (DC) signal.
[0082] Furthermore, the level shifter 130a can receive
one of the first low voltage VGL1 or the second low volt-
age VGL2 and output the direct current (DC) signal cor-
responding to the received first low voltage VGL1 or sec-
ond low voltage VGL2.

[0083] FIG. 8 is a circuit diagram illustrating a current
sensor connected to one of the subpixels of the display
panel 110, which may have the configuration as illustrat-
ed in FIG. 2, according to embodiments of the present
disclosure.

[0084] Referring to FIG. 8, the current sensor 160 can
include an integrator. The integrator 160 can include an
amplifier 161, a capacitor C, a switch SW1, a resistor R,
and the like. The (-) terminal and the (+) terminal of the
amplifier 161 can be connected to the resistor R and a
reference signal ref1, respectively. A sampling switch
SAM can be connected to the second electrode of the
third transistor M3 of the subpixel 101. In the first mode,
the third transistor M3 may be turned on by a sensing
control signal (Sense). Current may flow from the third
node N3 to the second power supply line VL2 through
the third transistor M3; therefore, a voltage is formed in
the second power supply line VL2. The sampling switch
(SAM) may be connected to the second power supply
line VL2. When a certain time has elapsed, the sampling
switch (SAM) becomes turned on.

[0085] When the sampling switch (SAM) becomes
turned on, current flows through the current sensor 160,
and the characteristic value of the subpixel 101 can be
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sensed depending on a magnitude of the current. The
capacitor C may be reset by the switch SW1. The capac-
itor C is operated in the first mode; therefore, it is much
affected by a noise in the first mode. Accordingly, in order
for the capacitor C not to be affected by the noise, the
gate signal may have the waveform in FIG. 5B.

[0086] Further, a voltage outputted by the current sen-
sor 160 may decrease according to the current inputted
to the current sensor 160, as shown in FIG. 9. Here, when
an amount of current is small, a rate at which the voltage
decreases s slow as in (a) of FIG. 9, while the rate is fast
as in (b) when the amount of current is large. Using this
relationship, it is possible to obtain information on the
characteristic value of the subpixel 101.

[0087] The current sensor 160 may be incorporated
partially within the data driver 120. However, embodi-
ments of the present disclosure are not limited thereto,
and other configurations are possible.

[0088] FIG. 10 is a flow diagram illustrating a method
of driving the organic light emitting display device accord-
ing to embodiments of the present disclosure.

[0089] Referring to FIG, 10, a method of driving the
organic light emitting display device can include supply-
ing a sensing voltage to the subpixel in response to a
gate signalin a first mode, at step S100. In the first mode,
the method can further include receiving a pulse signal
or clock signal with avoltage level between a high voltage
and a first low voltage, and a direct current (DC) signal
corresponding to a voltage level of a second low voltage,
and outputting a gate signal.

[0090] The method can include outputting a data volt-
age to the subpixel in response to the gate signal in a
second mode, at step S110. In the second mode, the
method can further include receiving the clock signal with
the voltage level between the high voltage and the first
low voltage, and a direct current (DC) signal correspond-
ing to a voltage level of the first low voltage, and outputting
a gate signal.

[0091] The first mode may be a time where the organic
light emitting display device starts its operation. That is,
when a user starts to use the organic light emitting display
device, the first mode is first performed, and then the
second mode is performed and continues until the using
of the organic light emitting display device by the user is
completed. In other words, a data signal is revised ac-
cording to the characteristic value of the subpixel that is
sensed in the first mode, and then the second mode is
performed based on the revised data signal. In the first
mode, characteristics of the first transistor can be
sensed, such as electron mobility and a threshold voltage
of the first transistor. However, embodiments of the
present disclosure are not limited thereto and other char-
acteristic values can be sensed.

[0092] Additionally or alternatively, the first mode may
be performed for each frame in images including a plu-
rality of frames. When one frame is started, before a data
signal is applied, the first mode can be performed, and
a characteristic value of a subpixel can be sensed by a
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sensing signal. Thereafter, a data signal corresponding
to the frame can beinputted, resulting in the second mode
being performed. Accordingly, the first mode and the sec-
ond mode can be repeated alternately. The data signal
can be revised according to a characteristic value of a
subpixel for each frame, before applying the same to the
subpixel. Thus, in the first mode, electron mobility and a
threshold voltage of the first transistor can be sensed.
However, embodiments of the present disclosure are not
limited thereto, and different characteristic values can be
sensed.

[0093] Thefeatures, structures, configurations, and ef-
fects described in the present disclosure are included in
at least one embodiment but are not necessarily limited
to a particular embodiment. A person skilled in the art
can apply the features, structures, configurations, and
effects illustrated in the particular embodiment embodi-
ments to one or more other additional embodiment em-
bodiments by combining or modifying such features,
structures, configurations, and effects. It should be un-
derstood that all such combinations and modifications
are included within the scope of the present disclosure
Although the exemplary embodiments have been de-
scribed for illustrative purposes, a person skilled in the
art will appreciate that various modifications and appli-
cations are possible without departing from the essential
characteristics of the present disclosure. For example,
the specific components of the exemplary embodiments
may be variously modified. The scope of protection of
the present disclosure should be construed based on the
following claims, and all technical ideas within the scope
of equivalents thereof should be construed as being in-
cluded within the scope of the present disclosure.

Claims

1. A gate driver for an organic light emitting display de-
vice comprising:

a selector (130c¢) configured to select and output
one of a first low voltage (VGL1) and a second
low voltage (VGL2) in response to a mode se-
lection signal, the second low voltage (VGL2)
having a lower level than the first low voltage
(VGL1), wherein the first low voltage (VGL1) is
selected in a first mode and the second low volt-
age (VGL2) is selected in a second mode, and
a level shifter (130a) configured to generate a
clock signal (CLKs) based on a high voltage
(VGH) and the first low voltage (VGL1), the high
voltage (VGH) having a voltage level higher than
the first low voltage (VGL1) and the clock signal
(CLKSs) having a voltage level between the high
voltage (VGH) and the first low voltage (VGL1),
and to output the clock signal (CLKSs) at a first
output terminal, the level shifter (130a) being fur-
ther configured to generate a direct current sig-
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nal (DC) corresponding to the first or second low
voltage (VGL1, VGL2) outputted from the selec-
tor (130c) and to output the direct current signal
(DC) at a second output terminal.

2. The gate driver according to claim 1, further com-
prising a gate signal generating circuit (130b) con-
nected to the level shifter (130a) to receive the clock
signal (CLKs) and the direct current signal (DC) and
configured to output a gate signal (gate) such that in
the first mode, a voltage level of the gate signal (gate)
repeatedly alternates between the high voltage
(VGH) and the first low voltage (VGL1), and in the
second mode, the voltage level of the gate signal
(gate) is repeatedly changed in the order of the high
voltage (VGH), the second low voltage (VGL2), and
the first low voltage (VGL1).

3. The gate driver according to claim 2, wherein the
level shifter (130a) further comprises:
a control logic (131a);

a clock signal generator (131b) controlled by the
control logic (131a) and configured to generate
and output the clock signal (CLKs); and

a control signal generator (131c) controlled by
the controllogic (131a) and configured to output
a control signal (VST RESET) for controlling the
gate signal generating circuit (130b).

4. An organic light emitting display device comprising:

adisplay panel (110) including a plurality of data
lines (DL) and a plurality of gate lines (GL) and
a plurality of subpixels (101) defined in areas in
which the plurality of data lines (DL) and the plu-
rality of gate lines (GL) intersect;

a data driver (120) configured to apply at least
one of a data signal or a sensing signal to the
data lines (DL);

a gate driver (130) according to any one of the
preceding claims, the gate driver (130) being
configured to apply a gate signal (gate) to the
gate lines (GL); and

a timing controller (140) configured to control
the data driver (120) and the gate driver (130).

5. The organic light emitting display device according
to claim 4 when depending on claim 2, wherein the
gate signal generating circuit (130b) is disposed on
the display panel (110) and connected to the plurality
of gate lines (GL).

6. The organic light emitting display device according
to claim 4 or 5, wherein the timing controller (140) is
configured to control the data driver (12) to output at
least one sensing voltage (Sdata) corresponding to
the at least one sensing signal to at least one data
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line (DL) of the plurality of data lines, in the firstmode,
and to control the data driver (140) to output at least
one data voltage (Vdata) corresponding to the at
least one data signal to the at least one data line
(DL), in the second mode.

The gate driver according to claim 4, 5 or 6, wherein
the timing controller (140) is configured to output the
mode selection signal, a sensing signal in the first
mode and an image signal in the second mode.

The organic light emitting display device according
to any one of claims 4 to 7, wherein each of the plu-
rality of subpixels (101) comprises:

a first transistor (M1) including a first electrode
connected to a first node (N1) connected to a
first power supply line (VL1) for delivering a pixel
high voltage (EVDD), a gate electrode connect-
ed to a second node (N2), and a second elec-
trode connected to a third node (N3);

a second transistor (M2) including a first elec-
trode connected to one data line (DL) of the plu-
rality of data lines, a gate electrode connected
to one gate line (GL) of the plurality of gate lines,
and asecond electrode connected to the second
node (N2);

a third transistor (M3) including a first electrode
connected to the third node (N3), a gate elec-
trode connected to a sensing signal line (sense),
and a second electrode connected to a second
power supply line (VL2) for delivering a refer-
ence voltage (Vref);

a capacitor (Cs) connected between the first
node (N1) and the third node (N3); and

an organic light emitting diode (OLED) including
afirst electrode connected to the third node (N3)
and a second electrode connected to a pixel low
voltage (EVSS).

The organic light emitting display device according
to claim 8, further comprising a current sensor (160)
connected to the second electrode of the third tran-
sistor (M3) and configured to sense a current flowing
through the third node (N3) and output information
according to a characteristic value ofthe correspond-
ing subpixel (101).

The organic light emitting display device according
to claim 9, wherein the current sensor (160) includes
anintegrator (161) comparing a sensing voltage gen-
erated by the current flowing through the third node
(N3) with a pre-set reference voltage (Vref), and out-
putting the information according to the characteris-
tic value of corresponding subpixel (101).

A method for controlling a gate driver for an organic
light emitting display device including:
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receiving a first low voltage (VGL1) and a sec-
ond low voltage (VGL2) with a lower level than
the first low voltage (VGL1) and a high voltage
(VGH) with a higher level than the first low volt-
age (VGL1) and a mode selection signal,
selecting and outputting one of the first low volt-
age (VGL1) and the second low voltage (VGL2)
in response to the mode selection signal, where-
in the first low voltage (VGL1) is selected in a
first mode and the second low voltage (VGL2)
is selected in a second mode,

outputting a clock signal (CLKs) with a voltage
level between the high voltage (VGH) and the
first low voltage (VGL1) and a direct current sig-
nal (DC) corresponding to the selected one of
the first and second low voltage (VGL1, VGL2).

The method further comprising:

providing a sensing voltage (Sdata) to a subpixel
(101)inresponse to a gate signal in afirst mode;
and

providing a data voltage (Vdata) to the subpixel
(101) in response to the gate signal in a second
mode,

wherein in the second mode, a voltage level of
the gate signal is repeatedly changed in the or-
der of a first low voltage (VGL1), a high voltage
(VGH), and a second low voltage (VGL2), and

in the first mode, the voltage level of the gate
signal is repeatedly changed the firstlow voltage
(VGL1) and the high voltage (VGH).

The method according to claim 12 or 13, wherein the
direct current signal (DC) has a voltage level corre-
sponding to the voltage level of the first low voltage
(VGL1) in the first mode, and a voltage level corre-
sponding to the voltage level of the second low volt-
age (VGL2) in the second mode.

The organic light emitting display device according
to any one of claims 11 to 13, wherein the first mode
is a sensing mode and the second mode is a display
mode and the first mode and the second mode are
repeated alternately.

The method according to any one of the preceding
claims 11 to 14, wherein the first mode is a sensing
mode and the second mode is a display mode and
the first mode and the first mode is performed when
the display panel (110) starts to operate.
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