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STAGE AND SCAN DRIVER INCLUDING
THE STAGE

[0001] The present application claims priority under 35
US.C. § 119(a) to Korean patent application number
10-2019-0078331 filed on Jun. 28, 2019, the disclosure of
which is incorporated by reference herein its entirety.

BACKGROUND

1. Field

[0002] The disclosure relates to a stage and a scan driver
including the stage.

2. Description of the Related Art

[0003] Display devices may include a pixel unit including
a plurality of pixels, a scan driver, a data driver, a timing
driver, and the like. The scan driver includes stages con-
nected to scan lines, and the stages supply scan signals to the
scan lines in response to signals from the timing controller.
[0004] Recent developments in the field allow a display
device to perform driving that compensates deterioration
and a characteristic change of a driving transistor outside a
pixel circuit by sensing a threshold voltage or mobility of the
driving transistor included in the pixel circuit. To this end,
a scan driver may be configured to further supply a sensing
signal through a sensing line.

[0005] Currently, the scan driver individually receives a
clock signal for carry signal output control, a clock signal for
scan signal output control, and a clock signal for sensing
signal output control. In order to individually supply the
clock signals, separate wires are required to be prepared in
a display panel, which increases a bezel area of a display
device.

SUMMARY

[0006] An object of the disclosure is to provide a stage
configured to share a clock signal for carry signal output
control and a clock signal scan signal output control, and a
scan driver including the stage.

[0007] Another object of the disclosure is to provide a
stage that receives a scan clock signal and a sensing clock
signal and outputs a carry signal, a scan signal, and a sensing
signal, and a scan driver including the stage.

[0008] A stage according to an embodiment of the disclo-
sure may be connected to each of scan lines and to supply
a scan signal and a sensing signal to the scan lines. The stage
may include an input unit configured to control voltages of
a first node and a second node based on a first control signal
and a previous stage carry signal, and an output buffer
including an eleventh node and a twelfth node electrically
connected to the first node and the second node, respectively,
in response to a second control signal, and configured to
output a carry signal and the scan signal in response to a scan
clock signal according to voltages of the eleventh node and
the twelfth node and to output the sensing signal in response
to a sensing clock signal. The output buffer may output the
carry signal and the scan signal based on any one of the scan
clock signal, a first low potential power voltage, and a
second low potential power voltage, a low level of the scan
clock signal may be set to be lower than or equal to the first
low potential power voltage, and the second low potential
power voltage may be set to be lower than or equal to the
low level of the scan clock signal.
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[0009] In addition, the output buffer may include a tenth
transistor connected between a scan clock terminal config-
ured to receive the scan clock signal and a first output
terminal configured to output the scan signal, and having a
gate electrode connected to the eleventh node, an eleventh
transistor connected between the first output terminal and a
first power terminal configured to receive the first low
potential power voltage, and having a gate electrode con-
nected to the twelfth node, and a twelfth transistor connected
between a carry output terminal outputting the carry signal
and the first output terminal, and having a gate electrode
connected to the eleventh node.

[0010] In addition, the twelfth transistor may be turned on
according to the voltage of the eleventh node and may output
a part of signals output to the first output terminal to the
carry output terminal.

[0011] In addition, the output buffer may include a carry
output buffer configured to output the carry signal based on
the scan clock signal and the first low potential power
voltage, and a scan output buffer configured to output the
scan signal based on the scan clock signal and the second
low potential power voltage.

[0012] In addition, the low level of the scan clock signal
may be set to be lower than the first low potential power
voltage, and the second low potential power voltage may be
set to be lower than the low level of the scan clock signal.
[0013] In addition, the scan output buffer may include a
tenth transistor connected between a scan clock terminal
configured to receive the scan clock signal and a first output
terminal outputting the scan signal, and having a gate
electrode connected to the eleventh node, and an eleventh
transistor connected between the first output terminal and a
first power terminal configured to receive the first low
potential power voltage, and having a gate electrode con-
nected to the twelfth node, and the carry output buffer may
include a twelfth transistor connected between the scan
clock terminal and a carry output terminal configured to
output the carry signal, and having a gate electrode con-
nected to the eleventh node, and a sixteenth transistor
connected between the carry output terminal and the second
low potential power voltage, and having a gate electrode
connected to the twelfth node.

[0014] In addition, the scan output buffer and the carry
output buffer may output the carry signal and the scan signal
when the eleventh node is set to a high voltage.

[0015] In addition, the output buffer may further include a
first transistor that is turned on when a fitth control signal is
applied during a reset period of one frame and may supply
the second low potential power voltage to the eleventh node.
[0016] In addition, when the low level of the scan clock
signal is applied to the carry output terminal during a display
period after the reset period, a first electrode voltage of the
tenth transistor may be set to the low level, a second
electrode voltage may be set to the first low potential power
voltage, and a voltage of the gate electrode may be set to the
voltage of the eleventh node.

[0017] In addition, the output buffer may further include a
twenty-sixth transistor connected between the first node and
the eleventh node, and having a gate electrode connected to
a second input terminal configured to receive a second
control signal, and a twenty-seventh transistor connected
between the second node and the twelfth node, and having
a gate electrode connected to the second input terminal, and
the twenty-sixth transistor and the twenty-seventh transistor
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may be turned on by the second control signal and may
electrically connect the eleventh node and the twelfth node
to the first node and the second node, respectively.

[0018] In addition, the input unit may include a twenty-
first transistor connected between a second carry input
terminal configured to receive the previous stage carry
signal and a third node, and having a gate electrode con-
nected to a first input terminal configured to receive the first
control signal, a twenty-second transistor connected
between the third node and a third power terminal config-
ured to receive a high potential power voltage, and having
a gate electrode connected to a fourth node, a twenty-third
transistor connected between the third node and the fourth
node, and having a gate electrode connected to the first input
terminal, a twenty-fourth transistor connected between the
third power terminal and the first node, and having a gate
electrode connected to the fourth node, a twenty-fifth tran-
sistor connected between the fourth node and a second
power terminal configured to receive the second low poten-
tial power voltage, and having a gate electrode connected to
the fourth node, and a capacitor connected between the third
power terminal and the fourth node.

[0019] In addition, the twenty-first transistor, the twenty-
second transistor, and the twenty-third transistor may be
turned on and may supply a high voltage of the previous
stage carry signal to the fourth node, when the first control
signal is input.

[0020] In addition, the twenty-fourth transistor may sup-
ply the high potential power voltage to the first node as the
twenty-fourth transistor is turned on in response to a voltage
of the fourth node, and the twenty-fifth transistor may supply
the first low potential power voltage to the second node as
the twenty-fifth transistor is turned on in response to the
voltage of the fourth node.

[0021] In addition, a scan driver according to an embodi-
ment of the disclosure may include stages connected to scan
lines respectively and to supply a scan signal and a sensing
signal to the scan lines. An i-th (i is a natural number) stage
may include an input unit configured to control voltages of
a first node and a second node based on a first control signal
and a previous stage carry signal, and an output buffer
including an eleventh node and a twelfth node electrically
connected to the first node and the second node, respectively,
in response to a second control signal, and configured to
output a carry signal and the scan signal in response to a scan
clock signal according to voltages of the eleventh node and
the twelfth node and to output the sensing signal in response
to a sensing clock signal, the output buffer may output the
carry signal and the scan signal based on any one of the scan
clock signal, a first low potential power voltage, and a
second low potential power voltage, a low level of the scan
clock signal may be set to be lower than or equal to the first
low potential power voltage, and the second low potential
power voltage may be set to be lower than or equal to the
low level of the scan clock signal.

[0022] In addition, the output buffer may include a tenth
transistor connected between a scan clock terminal config-
ured to receive the scan clock signal and a first output
terminal configured to output the scan signal, and having a
gate electrode connected to the eleventh node, an eleventh
transistor connected between the first output terminal and
the first low potential power voltage, and having a gate
electrode connected to the twelfth node, and a twelfth
transistor connected between a carry output terminal con-
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figured to output the carry signal and the first output termi-
nal, and having a gate electrode connected to the eleventh
node.

[0023] In addition, the twelfth transistor may be turned on
according to the voltage of the eleventh node and may output
a part of signals output to the first output terminal to the
carry output terminal.

[0024] In addition, the output buffer may include a tenth
transistor connected between a scan clock terminal config-
ured to receive the scan clock signal and a first output
terminal configured to output the scan signal, and having a
gate electrode connected to the eleventh node, an eleventh
transistor connected between the first output terminal and
the first low potential power voltage, and having a gate
electrode connected to the twelfth node, a twelfth transistor
connected between the scan clock terminal and a carry
output terminal configured to output the carry signal, and
having a gate electrode connected to the eleventh node, and
a sixteenth transistor connected between the carry output
terminal and the second low potential power voltage, and
having a gate electrode connected to the twelfth node.
[0025] In addition, the low level of the scan clock signal
may be set to be lower than the first low potential power
voltage, and the second low potential power voltage may be
set to be lower than the low level of the scan clock signal.
[0026] In addition, the output buffer may further include a
first transistor that is turned on when a fitth control signal is
applied during a reset period of one frame and may supply
the second low potential power voltage to the eleventh node.
[0027] In addition, when the low level of the scan clock
signal is applied to the carry output terminal during a display
period after the reset period, a first electrode voltage of the
tenth transistor may be set to the low level, a second
electrode voltage may be set to the first low potential power
voltage, and a voltage of the gate electrode may be set to the
voltage of the eleventh node.

[0028] The stage and the scan driver including the stage
according to the embodiments of the disclosure are config-
ured to share the clock signal for the carry signal output
control and the clock signal for the scan signal output
control. Therefore, the area consumed due to a clock signal
wire may be minimized.

[0029] In addition, the stage and the scan driver including
the stage according to the embodiments of the disclosure
minimize crossing between wires by reducing the number of
wires. As a result, a defect such as crosstalk generated at a
crossing point between the wires may be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The above and other features of the invention will
become more apparent by describing in further detail exem-
plary embodiments thereof with reference to the accompa-
nying drawings, in which:

[0031] FIG. 1 is a block diagram illustrating a display
device according to an embodiment of the disclosure;
[0032] FIG. 2 is a circuit diagram illustrating an example
of a pixel of FIG. 1;

[0033] FIG. 3 is a diagram schematically illustrating a
stage shown in FIG. 1;

[0034] FIG. 4 is a circuit diagram illustrating an embodi-
ment of the stage shown in FIG. 3;

[0035] FIG. 5 is a waveform diagram illustrating an
embodiment of a method of driving the stage shown in FIG.
4;
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[0036] FIG. 6 is a waveform diagram illustrating an
example of a scan clock signal applied to the stage shown in
FIG. 4,

[0037] FIG. 7 is a circuit diagram illustrating another
embodiment of the stage shown in FIG. 3;

[0038] FIG. 8 is a waveform diagram illustrating an
embodiment of a method of driving the stage shown in FIG.
7,

[0039] FIG. 9 is adiagram for describing a leakage current
reduction method of the stage shown in FIG. 7;

[0040] FIG. 10 is a circuit diagram illustrating still another
embodiment of the stage shown in FIG. 3; and

[0041] FIG. 11 is a waveform diagram illustrating an
embodiment of a method of driving the stage shown in FIG.
10.

DETAILED DESCRIPTION OF THE
EMBODIMENT

[0042] The details of other embodiments are included in
the detailed description and drawings.

[0043] The advantages and features of the disclosure and
a method achieving them will become apparent with refer-
ence to the embodiments described in detail below with
reference to the accompanying drawings. However, the
disclosure is not limited to the embodiments described
below, and may be embodied in various forms. In the
following description, it is assumed that a case in which a
part is connected to another part includes a case in which
they are electrically connected to each other with another
element interposed therebetween as well as a case in which
they are directly connected to each other. In addition, in the
drawings, parts which are not related to the disclosure are
omitted for clarity of description, and like parts are denoted
by the same reference numerals throughout the specification.
[0044] FIG. 1 is a block diagram illustrating a display
device according to an embodiment of the disclosure.
[0045] Referring to FIG. 1, the display device according to
an embodiment of the disclosure may include a display unit
100 including a plurality of pixels PX, a scan driver 210, a
data driver 220, a sensing unit 230, and a timing controller
240.

[0046] The timing controller 240 may generate a scan
driving control signal and a data driving control signal based
on signals input from the outside. The scan driving control
signal generated by the timing controller 240 may be sup-
plied to the scan driver 210 and the data driving control
signal may be supplied to the data driver 220.

[0047] The scan driving control signal may include a
plurality of clock signals SC_CLK1 to SC_CLKé and
SS_CLK1 to SS_CLK6 and a scan start signal. The scan
start signal may control an output timing of a first scan
signal.

[0048] The plurality of clock signals SC_CLK1 to
SC_CLK6 and SS_CLK1 to SS_CLK®6 supplied from the
scan driver 210 may include first to sixth scan clock signals
SC_CILK1 to SC_CLK6 and first to sixth sensing clock
signals SS_CLK1 to SS_CLK®6. The first to sixth scan clock
signals SC_CLK1 to SC_CLK6 may be used to shift the
scan start signal. In addition, the first to sixth scan clock
signals SC_CLK1 to SC_CLK6 may be used to output a
scan signal in response to the scan start signal. The first to
sixth sensing clock signals SS_CLK1 to SS_CLK6 may be
used to output a sensing signal in response to the scanning
start signal. In addition, the scan driver 210 may further
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receive a clock signal other than the clock signals SC_CLK1
to SC_CLK6 and SS_CLK1 to SS_CLKG6 described above.
[0049] The data driving control signal may include a
source start pulse and clock signals. The source start pulse
may control a sampling start time of data, and the clock
signals may be used to control a sampling operation.
[0050] The scan driver 210 may output the scan signals in
response to the scan driving control signal. The scan driver
210 may sequentially supply the scan signals to first scan
lines SC1 to SCn. Here, the scan signal may be set to a gate
on voltage (for example, a voltage of a high level) so that
transistors included in the pixels PX may be turned on.
[0051] The scan driver 210 may output the sensing signals
in response to the scan driving control signal. The scan
driver 210 may supply a sensing signal to at least one second
scan line of second scan lines SS1 to SS2. Here, the sensing
signal may be set to a gate on voltage (for example, a voltage
of a high level) so that the transistors included in the pixels
PX may be turned on.

[0052] The data driver 220 may supply data signals to data
lines D1 to Dm in response to the data driving control signal.
The data signals supplied to the data lines D1 to Dm may be
supplied to the pixels PX to which the scan signals are
supplied. To this end, the data driver 220 may supply the
data signals to the data lines D1 to Dm in synchronization
with the scan signal.

[0053] The sensing unit 230 may measure deterioration
information of the pixels PX based on a current and/or a
voltage fed back through sensing lines SL.1 to SLm. Here,
the pixels PX of which the deterioration information is
measured through the sensing unit 230 may be pixels PX of
a pixel column to which the sensing signal is supplied.
[0054] The deterioration information is characteristic of a
driving transistor included in the pixel PX and may include
a threshold voltage, mobility information, and the like of the
driving transistor. In addition, the deterioration information
may include information on a characteristic of a light
emitting element included in the pixel PX. Although the
sensing unit 230 is shown as a separate configuration in FIG.
1, the sensing unit 230 may be included in the data driver
220.

[0055] The display unit 100 may include the plurality of
pixels PX connected to the data lines D1 to Dm, the first scan
lines SC1 to SCn, the second scan lines SS1 to SSn, and the
sensing lines SL.1 to SLm.

[0056] The pixels PX may receive first power ELVDD and
second power ELVSS from the outside.

[0057] Each of the pixels PX may receive the data signal
from the data lines D1 to Dm when the scan signal is
supplied to the first scan lines SC1 to SCn connected thereto
during a display period. The pixel PX receiving the data
signal may control an amount of current flowing from the
first power ELVDD to the second power ELVSS via the light
emitting element (not shown) corresponding to the data
signal. At this time, the light emitting device may generate
light of a predetermined luminance corresponding to the
amount of current. The first power ELVDD may be set to a
voltage higher than the second power ELVSS.

[0058] Each of the pixels PX may output a current and/or
a voltage to the sensing lines SL.1 to SL.m based on the data
signals supplied to the data lines D1 to Dm, when the
sensing signals are supplied to the second scan lines SS1 to
SSn connected thereto during a sensing period. The data
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signals supplied to the data lines D1 to Dm during the
sensing period may be any reference data signals for sensing
the pixel PX.

[0059] The number of the first scan lines SC1 to SCn
connected to the pixel PX corresponding to a circuit struc-
ture of the pixel PX may be plural. In addition, in some
cases, the pixel PX may be connected to a light emission
control line in addition to the first scan lines SC1 to SCn and
the data lines D1 to Dm. In this case, a light emission driver
for outputting a light emission control signal may further be
provided.

[0060] FIG. 2 is a circuit diagram illustrating an example
of the pixel of FIG. 1. In FIG. 2, for convenience of
description, a pixel PX connected to an i-th first scan line
SCi, an i-th second scan line SSi, a j-th sensing line SLj, and
a j-th data line Dj is shown.

[0061] The pixel PX may include a driving transistor M1,
a switching transistor M2, a sensing transistor M3, a storage
capacitor Cst, and a light emitting element OLED. In various
embodiments of the disclosure, the gate on voltage of the
transistors M1, M2, and M3 provided in the pixel PX may
be set to about 25 V and a gate off voltage may be set to
about -5 V.

[0062] The switching transistor M2 may include a first
electrode connected to the j-th data line Dj, a gate electrode
connected to the i-th first scan line SCi, and a second
electrode connected to a first node Na.

[0063] The switching transistor M2 may be turned on
when the scan signal is supplied from the i-th first scan line
SCi to supply the data signal received from the j-th data line
Dj to the storage capacitor Cst. Alternatively, a potential of
the first node Na may be controlled.

[0064] At this time, the storage capacitor Cst including a
first electrode connected to the first node Na and a second
electrode connected to a second node Nb may charge a
voltage corresponding to the data signal.

[0065] The driving transistor M1 may include a first
electrode connected to the first power ELVDD, a second
electrode connected to the light emitting element OLED,
and a gate electrode connected to the first node Na.

[0066] The driving transistor M1 may control the amount
of current flowing through the light emitting element OLED
in correspondence with a gate-source voltage value.

[0067] The sensing transistor M3 may include a first
electrode connected to the j-th sensing line SLj, a second
electrode connected to the second node Nb, and a gate
electrode connected to the i-th second scan line SSi. The
sensing transistor M3 may be turned on when the sensing
signal is supplied to the i-th second scan line SSi to control
a potential of the second node Nb. Alternatively, when the
sensing signal is supplied to the i-th second scan line SSi, the
sensing transistor M3 may be turned on to measure the
current flowing through the light emitting element OLED.
[0068] The light emitting element OLED may include a
first electrode (anode electrode) connected to the second
electrode of the driving transistor M1 and a second electrode
(cathode electrode) connected to the second power ELVSS.
The light emitting element OLED may generate light cor-
responding to the amount of current supplied from the
driving transistor M1.

[0069] In FIG. 2, the first electrode of the transistors M1
to M3 may be set as one of a source electrode and a drain
electrode, and the second electrode of the transistors M1 to
M3 may be set as an electrode different from the first
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electrode. For example, when the first electrode is set as the
source electrode, the second electrode may be set as the
drain electrode.

[0070] In addition, the transistors M1 to M3 may be
NMOS transistors as shown in FIG. 2.

[0071] While mobility of the driving transistor M1 is
sensed, an activated scan signal is supplied to the i-th first
scan line SCi and an activated sensing signal is supplied to
the second scan line SSi. However, in order to sense the
current flowing through the light emitting element OLED to
obtain the deterioration information, the driving transistor
M1 is required to be turned off and the sensing transistor M3
is required to be turned on. That is, while sensing the current
flowing through the light emitting element OLED, a deac-
tivated signal is required to be applied to the i-th first scan
line SCi and an activated signal is required to be applied to
the second scan line SSi. Therefore, the scan signal supplied
to the i-th first scan line SCi and the sensing signal supplied
to the second scan line SSi are required to be separately
supplied.

[0072] FIG. 3 is a diagram schematically illustrating a
stage shown in FIG. 1. In FIG. 3, for convenience of
description, only an i-th stage is exemplarily shown.
[0073] A stage STi outputs a scan signal SC(i) to the i-th
first scan line SCi and outputs a sensing signal SS(i) to the
i-th second scan line SSi in response to input signals. The
stage STi may include first to fifth input terminals IN1 to
IN5, a scan clock terminal SCCK, a sensing clock terminal
SSCK, first to third carry input terminals CRIN1 to CRIN3,
and first to third power terminals V1 to V3. In addition, the
stage STi may include a carry output terminal CR, a first
output terminal OUT1, and a second output terminal OUT2.
[0074] The first to fifth input terminals IN1 to IN5 may
receive first to fifth control signals S1 to S5, respectively.
The first to fifth control signals S1 to S5 may be global
signals supplied from the timing controller 240 to control the
outputs of the scan signal SC(i) and the sensing signal SS(i).
[0075] In various embodiments, a gate on voltage of the
first to fifth control signals S1 to S5 is a voltage capable of
turning on the transistors provided in the stage STi, and for
example, the gate on voltage may be set to 25 V when the
transistors provided in the stage STi are n-type transistors.
On the contrary, a gate off voltage of the first to fifth control
signals S1 to S5 is a voltage capable of turning off the
transistors provided in the stage STi, and for example, the
gate off voltage may be set to about -5 V when the
transistors provided in the stage STi are n-type transistors.
However, the embodiments of the disclosure are not limited
thereto. In one embodiment, the gate on/off voltage of the
transistors provided in the stage STi may be the same as the
gate on/off voltage of the transistors M1, M2, and M3
provided in the pixel PX of FIG. 2.

[0076] In ones embodiment, a third control signal S3 and
a fourth control signal S4 may be alternately supplied to the
stages. For example, when the third control signal S3 is
supplied to the i-th stage STi, the fourth control signal S4
may be supplied to an (i+1)-th stage STi+1. In such an
embodiment, the fourth input terminal IN4 of the i-th stage
STi may be deactivated or not provided and the third input
terminal IN3 of the (i+1)-th stage STi+1 may be deactivated
or not provided.

[0077] The scan clock terminal SCCK may receive any
one of the first to sixth scan clock signals SC_CLK1 to
SC_CLKG®6. The first to sixth scan clock signals SC_CLK1 to
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SC_CLK6 may have a logic high level and a logic low level.
Here, the logic high level corresponds to the gate on voltage,
and the logic low level may be set to be equal to or lower
than the gate off voltage. For example, when the gate on
voltage of the transistors provided in the stage STi is about
25V, the logic high level may be about 25 V, and when the
gate off voltage of the transistors provided in the stage STi
is about -5 V, the logic low level may be about -5 to =7 V.

[0078] In an embodiment, a gate on voltage period of the
first to sixth scan clock signals SC_CLK1 to SC_CLK6 may
be about two horizontal periods (2H). In addition, a gate on
voltage period of the i-th scan clock signal and the (i+1)-th
scan clock signal may overlap for about one horizontal
period (1H). However, this is an example, and the gate on
voltage period of the first to sixth scan clock signals
SC_CILK1 to SC_CLK6 may be set to be shorter than two
horizontal periods (2H). In addition, the number of scan
clock signals supplied to one stage is not limited thereto.

[0079] The scan clock signal input to the scan clock
terminal SCCK may have a gate on voltage synchronized
with the scan signal SC(i). For example, in a sensing period
in one frame, the scan clock signal input to the scan clock
terminal SCCK may have a gate on voltage while the
mobility and the threshold voltage of the drive transistor are
sensed.

[0080] The sensing clock terminal SSCK may receive any
one of the first to sixth sensing clock signals SS_CLK1 to
SS_CLKS®6. The first to sixth sensing clock signals SS_CLK1
to SS_CLK6 may have a logic high level and a logic low
level. Here, the logic high level may correspond to the gate
on voltage, and the logic low level may correspond to the
gate off voltage or lower than the gate off voltage. For
example, the logic high level may be about 25V, and the
logic low level may be about -5 V to -7 V.

[0081] In an embodiment, a gate on voltage period of the
first to sixth sensing clock signals SS_CLK1 to SS_CLK6
may be about two horizontal periods (2H). In addition, a gate
on voltage period of the i-th sensing clock signal and the
(i+1)-th sensing clock signal may overlap for about one
horizontal period (1H). However, this is an example, and the
gate on voltage period of the first to sixth sensing clock
signals SS_CLK1 to SS_CLK6 may be set to be shorter than
two horizontal periods (2H). In addition, the number of
sensing clock signals supplied to one stage is not limited
thereto.

[0082] The sensing clock signal input to the sensing clock
terminal SSCK may have a gate on voltage synchronized
with the sensing signal SS(i). For example, the sensing clock
signal input to the sensing clock terminal SSCK during a
sensing period in one frame may maintain the gate on
voltage. In an embodiment, the sensing clock signal
SS_CLK input to the sensing clock terminal SSCK during a
display period in one frame may have a waveform synchro-
nized with the scan clock signal SC_CLK input to the scan
clock terminal SCCK.

[0083] The first to third carry input terminals CRIN1 to
CRIN3 receive a carry signal output from a previous stage
and/or a subsequent stage. For example, the first carry input
terminal CRIN1 may receive a carry signal CR(i-3) of an
(1-3)-th stage, and the second carry input terminal CRIN2
may receive a carry signal CR(i-2) of an (i-2)-th stage, and
the third carry input terminal CRIN3 may receive a carry
signal CR(i+4) of an (i+4)-th stage. However, in another

Dec. 31, 2020

embodiment of the disclosure, the third carry input terminal
CRIN3 may receive a carry signal CR(i+3) of an (i+3)-th
stage.

[0084] The first power terminal V1 may receive a voltage
of first power VSS1, the second power terminal V2 may
receive a voltage of second power VSS2, and the third power
terminal V3 may receive a voltage of a third power VDD.
The third power VDD may be set to the gate on voltage and
the first power VSS1 and the second power VSS2 may be set
to a level lower than the voltage of the third power VDD. For
example, the third power VDD may be set to about 25V, and
the first power VSS1 and the second power VSS2 may be set
to a voltage lower than about 25V. In the disclosure, the first
power VSS1 may be set to the gate off voltage of the first to
sixth scan clock signals SC_CLK1 to SC_CLKS6, and for
example, the first power VSS1 may be about -5 V. In
addition, in the disclosure, the second power VSS2 may be
set to a voltage equal to or lower than the logic low level of
the first to sixth scan clock signals SC_CLK1 to SC_CLKS6,
and for example, the second power VSS2 may be about -7
to -9 V.

[0085] The carry output terminal CR may output a carry
signal CR(1). The first output terminal OUT1 may output the
scan signal SC(i). The second output terminal OUT2 may
output the sensing signal SS(i).

[0086] The above-described stage STi of the disclosure
does not receive a clock signal supplied from the timing
controller 240 in comparison with a general stage. Instead,
the stage STi according to the disclosure is configured to use
the scan clock signal instead of the clock signal and output
the carry signal CR(i) based on the scan clock signal. A
detailed configuration of the stage STi according to the
disclosure will be described in detail with reference to the
drawing.

[0087] FIG. 4 is a circuit diagram illustrating an embodi-
ment of the stage shown in FIG. 3. In FIG. 4, for conve-
nience of description, only one stage STi is exemplarily
shown. In addition, hereinafter, for convenience of descrip-
tion, it is assumed that a fact that a certain signal is supplied
means that a high voltage is supplied and a fact that a certain
signal is not supplied means that a low voltage is supplied.
[0088] In addition, in FIG. 4, a stage STi receiving a third
scan clock signal SC_CLK3 and a third sensing clock signal
SS_CLK3 is representatively shown. In describing FIG. 4,
the third scan clock signal SC_CLK3 is referred to as the
scan clock signal, and the third sensing clock signal
SS_CLK3 is referred to as the sensing clock signal.
[0089] Referring to FIGS. 3 and 4, the stage STi according
to an embodiment of the disclosure may include an input
unit 211 and an output buffer 212. The input unit 211 may
include twenty-first to twenty-seventh transistors T21 to T27
and a third capacitor C3. In addition, the output buffer 212
includes first to fifteenth transistors T1 to T15 and first and
second capacitors C1 and C2.

[0090] A configuration of the input unit 211 will be
described first as follows.

[0091] A first electrode of the third capacitor C3 is con-
nected to a third power terminal V3 to which the third power
VDD is input and a second electrode is connected to a gate
electrode of the twenty-fourth transistor T24 (that is, a fourth
node N4). The third capacitor C3 stores a voltage corre-
sponding to the gate electrode of the twenty-fourth transistor
T24. Here, for example, the third power VDD may be set as
the gate on voltage.
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[0092] The twenty-first transistor T21 is connected
between a third node N3 and a second carry input terminal
CRIN2 to which an (i-2)-th carry signal CR(i-2) is input. A
gate electrode of the twenty-first transistor T21 is connected
to a first input terminal IN1 to which a first control signal S1
is input. The twenty-first transistor T21 may be turned on
when the first control signal S1 is supplied to supply a
voltage corresponding to the (i-2)-th carry signal CR(i-2) to
the third node N3.

[0093] The twenty-second transistor T22 is connected
between the third node N3 and the third power terminal V3
to which the third power VDD is input. A gate electrode of
the twenty-second transistor T22 is connected to the fourth
node N4. The twenty-second transistor 122 is turned on or
off in response to a voltage of the fourth node N4.

[0094] The twenty-third transistor T23 is connected
between the third node N3 and the fourth node N4. A gate
electrode of the twenty-third transistor T23 is connected to
the first input terminal IN1 to which the first control signal
S1 is input. The twenty-third transistor T23 is turned on
when the first control signal S1 is supplied to supply a
voltage of the third node N3 to the fourth node N4.

[0095] The twenty-fourth transistor T24 is connected
between the third power terminal V3 to which the third
power VDD is input and the first node N1. A gate electrode
of the twenty-fourth transistor T24 is connected to the fourth
node N4. The twenty-fourth transistor T24 is turned on or off
in response to the voltage of the fourth node N4. When the
twenty-fourth transistor T24 is turned on, the high voltage of
the third power VDD is supplied to the first node N1.
[0096] The twenty-fifth transistor T25 is connected
between the second power terminal V2 to which the second
power VSS2 is input and the second node N2. A gate
electrode of the twenty-fifth transistor T25 is connected to
the fourth node N4. The twenty-fifth transistor T25 is turned
on or off in response to the voltage of the fourth node N4.
When the twenty-fifth transistor T25 is turned on, the low
voltage of the second power VSS2 is supplied to the second
node N2. Here, the second power VSS2 may be a voltage
that is set to be lower than the third power VDD, and may
be set to be lower than the gate off voltage.

[0097] Inan embodiment, the second power VSS2 may be
set to be lower than the first power VSS1, and may be about
-7t0-9V.

[0098] The output buffer 212 is connected to the input unit
211 through the first node N1 and the second node N2.
[0099] The first transistor T1 may include a (1-1)-th tran-
sistor T1-1 and a (1-2)-th transistor T1-2. The (1-1)-th
transistor T1-1 and the (1-2)-th transistor T1-2 are connected
in series between an eleventh node N11 and the second
power terminal V2 to which the second power VSS2 is
input. Gate electrodes of the (1-1)-th transistor T1-1 and the
(1-2)-th transistor T1-2 are connected to a fifth input termi-
nal IN5 to which a fifth control signal S5 is input. The
(1-1)-th transistor T1-1 and the (1-2)-th transistor T1-2 may
be turned on when the fifth control signal S5 is supplied to
set a voltage of the eleventh node N11 to the voltage of the
second power VSS2.

[0100] The second transistor T2 may include a (2-1)-th
transistor T2-1 and a (2-2)-th transistor T2-2. The (2-1)-th
transistor T2-1 and the (2-2)-th transistor T2-2 are connected
in series between the eleventh node N11 and the second
power terminal V2 to which the second power VSS2 is
input. Gate electrodes of the (2-1)-th transistor T2-1 and the
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(2-2)-th transistor T2-2 are connected to the third carry input
terminal CRIN3 to which the (i+4)-th carry signal CR(i+4)
or the (i+3)-th carry signal CR(i+3) is input. The (2-1)-th
transistor T2-1 and the (2-2)-th transistor T2-2 may be
turned on when the (i+4)-th carry signal CR(i+4) or the
(1+3)-th carry signal CR(i+3) is supplied to set the voltage of
the eleventh node N11 to the voltage of the second power
VSs2.

[0101] The third transistor T3 may include a (3-1)-th
transistor T3-1 and a (3-2)-th transistor T3-2. The (3-1)-th
transistor T3-1 and the (3-2)-th transistor T3-2 are connected
in series between the eleventh node N11 and the first carry
input terminal CRIN1 to which an (i-3)-th carry signal
CR(i-3) is input. Gate electrodes of the (3-1)-th transistor
T3-1 and the (3-2)-th transistor T3-2 are connected to the
first carry input terminal CRIN1. The (3-1)-th transistor
T3-1 and the (3-2)-th transistor T3-2 may be turned on when
the (i-3)-th carry signal CR(i-3) is supplied to supply the
(1-3)-th carry signal CR(i-3) to the eleventh node N11.
[0102] The fourth transistor T4 may include a (4-1)-th
transistor T4-1 and a (4-2)-th transistor T4-2. The (4-1)-th
transistor T4-1 and the (4-2)-th transistor T4-2 are connected
in series between the eleventh node N11 and the second
power terminal V2 to which the second power VSS2 is
input. Gate electrodes of the (4-1)-th transistor T4-1 and the
(4-2)-th transistor T4-2 are connected to a twelfth node N12.
The (4-1)-th transistor T4-1 and the (4-2)-th transistor T4-2
are turned on or off in response to power of the twelfth node
N12. When the (4-1)-th transistor T4-1 and the (4-2)-th
transistor T4-2 are turned on, the voltage of the second
power VSS2 may be supplied to the eleventh node N11.
[0103] The fifth transistor T5 is diode-connected between
the third input terminal IN3 receiving the third control signal
S3 and a gate electrode of the seventh transistor T7 (that is,
a fifth node N5). The fifth transistor T5 may be connected in
a diode form when the third control signal S3 is supplied to
supply the third control signal S3 to the fifth node N5.
[0104] The sixth transistor T6 is connected between the
fifth node N5 and the second power terminal V2 to which the
second power VSS2 is input. A gate electrode of the sixth
transistor T6 is connected to the eleventh node N11. The
sixth transistor T6 may be turned on when the eleventh node
N11 is set to the high voltage to supply the voltage of the
second power VSS2 to the fifth node N5.

[0105] The seventh transistor T7 is connected between the
third input terminal IN3 to which the third control signal S3
is input and the twelfth node N12. The gate electrode of the
seventh transistor T7 is connected to the fifth node N5. The
seventh transistor T7 is turned on or off in response to a
voltage of the fifth node N5. As the seventh transistor 17 is
turned on, a voltage of the third control signal S3 may be
supplied to the twelfth node N12.

[0106] The eighth transistor T8 is connected between the
twelfth node N12 and the second power terminal V2 to
which the second power VSS2 is input. A gate electrode of
the eighth transistor T8 is connected to the first carry input
terminal CRIN1 to which the (i-3)-th carry signal CR(i-3)
is input. The eighth transistor T8 may be turned on when the
(1-3)-th carry signal CR(i-3) is supplied to set the voltage of
the twelfth node N12 to the low voltage of the second power
VSs2.

[0107] The ninth transistor T9 is connected between the
twelfth node N12 and the second power terminal V2 to
which the second power VSS2 is input. A gate electrode of
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the ninth transistor T9 is connected to the eleventh node
N11. The ninth transistor T9 may be turned on when the high
voltage is supplied to the eleventh node N11 to set the
voltage of the twelfth node N12 to the low voltage of the
second power VSS2.

[0108] The tenth transistor T10, the eleventh transistor
T11, and the first capacitor C1 operate as a buffer circuit for
outputting the scan signal SC(i).

[0109] The tenth transistor T10 is connected between the
scan clock terminal SCCK to which the scan clock signal
SC_CLK3 is input and a first output terminal OUT1 out-
putting the scan signal SC(i). A gate electrode of the tenth
transistor T10 is connected to the eleventh node N11. The
tenth transistor T10 may be turned on when the eleventh
node N11 is set to the high voltage to output the scan clock
signal SC_CILK3 as the scan signal SC(i).

[0110] Here, the scan clock signal SC_CLK3 may have a
logic high level and a logic low level. Here, the logic high
level may correspond to the gate on voltage, and the logic
low level may correspond to the gate off voltage or lower
than the gate off voltage. For example, the logic high level
may be about 25 V. For example, when the gate off voltage
is about -5 V, the logic low level may be about -5 to =7 V.
[0111] The eleventh transistor T11 is connected between
the first output terminal OUT1 and the first power terminal
V1 receiving the first power VSS1. A gate electrode of the
eleventh transistor T11 is connected to the twelfth node N12.
The eleventh transistor T11 may be turned on or off in
response to the voltage of the twelfth node N12. As the
eleventh transistor T11 is turned on, the low voltage of the
first power VSS1 may be output as the scan signal SC(i).
Here, the first power VSS1 may be a voltage that is set to be
lower than the third power VDD, and for example, the first
power VSS1 may be set to the gate off voltage. In an
embodiment, the first power VSS1 may be set to the gate off
voltage and may be about -5 V.

[0112] The first capacitor C1 is connected between the first
output terminal OUT1 and the eleventh node N11.

[0113] The twelfth transistor T12 operates as a buffer
circuit for outputting the carry signal CR(i). The twelfth
transistor T12 is connected between the carry output termi-
nal CR outputting the carry signal CR(i) and the first output
terminal OUT1 outputting the scan signal SC(i). A gate
electrode of the twelfth transistor T12 is connected to the
eleventh node N11. The twelfth transistor T12 may be turned
on when the eleventh node N11 is set to the high voltage to
output a part of a current flowing to the first output terminal
OUT1 as the carry signal CR(1).

[0114] The thirteenth transistor T13, the fourteenth tran-
sistor T14, and the second capacitor C2 operate as a buffer
circuit for outputting the sensing signal SS(i).

[0115] The thirteenth transistor T13 is connected between
the sensing clock terminal SSCK receiving the sensing clock
signal SS_CLK3 and a second output terminal OUT2 out-
putting the sensing signal SS(i). A gate electrode of the
thirteenth transistor T13 is connected to the eleventh node
N11. The thirteenth transistor T13 may be turned on when
the eleventh node N11 is set to the high voltage to output the
sensing clock signal SS_CLK3 as the sensing signal SS(i).
[0116] The fourteenth transistor T14 is connected between
the second output terminal OUT2 and the first power ter-
minal V1 receiving the first power VSS1. A gate electrode of
the fourteenth transistor T14 is connected to the twelfth node
N12. The fourteenth transistor T14 may be turned on or off
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in response to the voltage of the twelfth node N12. As the
fourteenth transistor T14 is turned on, the low voltage of the
first power VSS1 may be output as the sensing signal SS(i).
[0117] The second capacitor C2 is connected between the
second output terminal OUT2 and the eleventh node N11.

[0118] One end of the fifteenth transistor T15 is connected
to a common electrode of the (1-1)-th transistor T1-1 and the
(1-2)-th transistor T1-2, a common electrode of the (2-1)-th
transistor T2-1 and the (2-2)-th transistor T2-2, a common
electrode of the (3-1)-th transistor T3-1 and the (3-2)-th
transistor T3-2, and a common electrode of the (4-1)-th
transistor T4-1 and the (4-2)-th transistor T4-2. The other
end of the fifteenth transistor T15 is connected to the third
power terminal V3 to which the third power VDD is input.
A gate electrode of the fifteenth transistor T15 is connected
to the eleventh node N11. The fifteenth transistor T15 is
turned on or off in response to the voltage of the eleventh
node N11.

[0119] FIG. 5 is a waveform diagram illustrating an
embodiment of a method of driving the stage shown in FIG.
4. FIG. 6 is a waveform diagram illustrating an example of
the scan clock signal applied to the stage shown in FIG. 4.
[0120] FIG. 5 shows an example in which sensing is
performed on an i-th pixel column during a sensing period.
Here, the i-th pixel column is connected to the i-th stage STi
receiving the third scan clock signal SC_CILK3 and the third
sensing clock signal SS_CILK3. Here, the i-th stage STi may
be configured to receive the third control signal S3 and not
to receive the fourth control signal S4.

[0121] In addition, referring to FIG. 5, one frame period
1Frame may include a display period DP and a vertical blank
period VBP, and the vertical blank period VBP may include
a sensing period SP and a reset period RP.

[0122] Referring to FIGS. 4 and 5, as the (i-3)-th carry
signal CR(i-3) is supplied in synchronization with the sixth
scan clock signal SC_CLKG6 in a first period t1, the (3-1)-th
transistor T3-1 and the (3-2)-th transistor T3-2 may be
turned on. Then, the high voltage of the (i-3)-th carry signal
CR(i-3) may be supplied to the eleventh node N11, and the
eleventh node N11 may be set to the high voltage.

[0123] When the eleventh node N11 is set to the high
voltage, the tenth transistor T10, the twelfth transistor T12,
and the thirteenth transistor T13 are turned on. However,
since the third scan clock signal SC_CLK3 and the third
sensing clock signal SS_CLK3 are not supplied during the
first period tl, the carry signal CR(i), the scan signal SC(i),
and the sensing signal SS(i) are not output.

[0124] In addition, as the (i-3)-th carry signal CR(i-3) is
supplied in the first period t1, the eighth transistor T8 may
be turned on. Then, the low voltage of the second power
VSS2 may be supplied to the twelfth node N12, and thus the
twelfth node N12 may be set to the low voltage.

[0125] The (i-2)-th carry signal CR(i-2) and the first
control signal S1 are supplied to the input unit 211 in
synchronization with the first scan clock signal SC_CLK1 in
a second period t2. As the first control signal S1 is supplied,
the twenty-first transistor T21 and the twenty-third transistor
T23 of the i-th stage STi are turned on. When the twenty-first
transistor T21 and the twenty-third transistor T23 are turned
on, the high voltage of the (i-2)-th carry signal CR(i-2) is
supplied to the fourth node N4. When the high voltage is
supplied to the fourth node N4, the twenty-second transistor
T22, the twenty-fourth transistor T24, and the twenty-fifth
transistor T25 are turned on.
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[0126] When the twenty-second transistor T22 is turned
on, the high voltage of the third power VDD may be
supplied to the third node N3, and thus the high voltage of
the third node N3 may be stably maintained.

[0127] When the twenty-fourth transistor T24 is turned on,
the high voltage of the third power VDD is supplied to the
first node N1, and thus the first node N1 is set to the high
voltage. At this time, the third capacitor C3 stores the high
voltage of the fourth node N4.

[0128] When the twenty-fifth transistor T25 is turned on,
the low voltage of the second power VSS2 is supplied to the
second node N2, and thus the second node N2 is set to the
low voltage.

[0129] The first control signal S1 may be selectively
supplied to a stage connected to a pixel column to be sensed
in a subsequent sensing period SP to set the voltages of the
first node N1 and the second node N2 to the high voltage and
the low voltage, respectively.

[0130] Meanwhile, since the second control signal S2 is
not supplied during the second period t2, the twenty-sixth
transistor T26 and the twenty-seventh transistor T27 main-
tain a turn-off state, and voltage control of the first node N1
and the second node N2 does not affect the voltages of the
eleventh node N11 and the twelfth node N12. Therefore,
during the second period t2, the eleventh node N11 and the
twelfth node N12 may maintain voltages of a previous
period (for example, the eleventh node N11 may maintain
the high voltage and the twelfth node N12 may maintain the
low voltage).

[0131] The third scan clock signal SC_CILK3 and the third
sensing clock signal SS_CLK3 are supplied to the stage STi
in a third period t3. At this time, as the eleventh node N11
is maintained at the high voltage, since the tenth transistor
T10, the twelfth transistor T12, and the thirteenth transistor
T13 maintain a turn-on state, the carry signal CR(i), the scan
signal SC(i), and the sensing signal SS(i) are output.
[0132] During the third period t3, the voltage of the
eleventh node N11 may be set to a voltage higher than that
in the first period t1 by coupling of the first capacitor C1 and
the second capacitor C2.

[0133] When the supply of the third scan clock signal
SC_CLK3 and the third sensing clock signal SS_CLK3 is
stopped in the fourth period t4, the output of the carry signal
CR(i), the scan signal SC(i), and the sensing signal SS(i) is
stopped, and the voltage of the eleventh node N11 may be
returned to the voltage in the first period t1.

[0134] When the supply of the third scan clock signal
SC_CLK3 is stopped, the third scan clock signal SC_CLK3
may transition from the high voltage to the low voltage.
Ideally, a polling edge when the third scan clock signal
SC_CLK3 transition from the high voltage to the low
voltage is vertical, but in practice it may have a downwardly
curved shape substantially as shown in FIG. 6.

[0135] When the logic low level of the third scan clock
signal SC_CLK3 is set to be the same as the gate off voltage
of' the transistors M1, M2, and M3 provided in the pixel PX,
the transistors M1, M2, and M3 may be turned off when the
third scan clock signal SC_CLK 3 completely transition
from the high voltage to the low voltage. However, when the
logic low level of the third scan clock signal SC_CLK3 is set
to be lower than the gate off voltage of the transistors M1,
M2, and M3 provided in the pixel PX as in the disclosure,
even before the scan signal SC_CLK3 completely transition
from the high voltage to the low voltage, when the third scan
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clock signal SC_CLK3 reaches a gate low voltage value, the
transistors M1, M2, and M3 provided in the pixel PX may
be turned off.

[0136] Therefore, the stage STi according to the disclosure
may advance a turn-off timing of the transistors M1, M2, and
M3 in the pixel PX connected to the stage STi, and thus a
driving delay that may occur in an actual operation may be
prevented and a problem that a leak current is generated
through the transistors M1, M2, and M3 in the pixel PX or
a voltage may not be sufficiently charged due to a turn-off
delay may be solved.

[0137] As the (i+4)-th carry signal CR(i+4) is supplied in
synchronization with the first scan clock signal SC_CLK1 in
a fifth period t5, the (2-1)-th transistor T2-1 and the (2-2)-th
transistor T2-2 may be turned on. Then, the low voltage of
the second power VSS2 may be supplied to the eleventh
node N11, and the eleventh node N11 may be set to the low
voltage.

[0138] In addition, as the third control signal S3 is sup-
plied in the fifth period t5, the fifth transistor T5 may be
diode-connected to set the fifth node N5 to the high voltage.
Then, the seventh transistor T7 may be turned on, the third
control signal S3 may be supplied to the twelfth node N12,
and the twelfth node N12 may be set to the high voltage.
Then, the low voltage of the first power VSS1 may be output
as the scan signal SC(i), the sensing signal SS(i), and the
carry signal CR(i) through the eleventh transistor T11, the
fourteenth transistor T14, and the twelfth transistor T12.
[0139] The second control signal S2 is supplied to the
stage STi in a sixth period t6. As the second control signal
S2 is supplied, the twenty-sixth transistor T26 and the
twenty-seventh transistor T27 are turned on.

[0140] When the twenty-sixth transistor T26 is turned on,
the high voltage of the first node N1 is supplied to the
eleventh node N11. When the eleventh node N11 is set to the
high voltage, the tenth transistor T10, the twelfth transistor
T12, and the thirteenth transistor T13 are turned on. Since
the third scan clock signal SC_CLK3 and the third sensing
clock signal SS_CLK3 are not supplied in the sixth period
6, the carry signal CR(i), the scan signal SC(i), and the
sensing signal SS(i)) are not output.

[0141] When the twenty-seventh transistor T27 is turned
on, the low voltage of the second node N2 may be supplied
to the twelfth node N12, and thus the twelfth node N12 may
be set to the low voltage.

[0142] The first node N1 is set to the high voltage only in
the stage receiving the first control signal S1 in the second
period t2. Therefore, the eleventh node N11 may be set to the
high voltage and the twelfth node N12 may be set to the low
voltage in the sixth period t6.

[0143] The second control signal S2, the third scan clock
signal SC_CLK3, and the third sensing clock signal
SS_CLK3 are supplied to the stage STi in a seventh period
t7. At this time, since the eleventh node N11 is set to the high
voltage, the tenth transistor T10 and the thirteenth transistor
T13 are maintained in the turn-on state, and the scan signal
SC(i) and the sensing signal SS(i) are output. The charac-
teristic (for example, the threshold voltage, the mobility, and
the like) of the driving transistor provided in the pixel PX
receiving the scan signal SC(i) and the sensing signal SS(i)
may be measured.

[0144] At this time, the twelfth transistor T12 may also
maintain the turn-on state, and thus a part of the current
output to the first output terminal OUT1 may be output as
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the carry signal CR(i). The carry signal CR(i) output from
the stage STi during the sensing period SP may be applied
to the first to third carry input terminals CRIN1 to CRIN3 of
the next stage or the previous stage. Then, the voltage of the
eleventh node N11 of the next stage or the previous stage
may be set to the high voltage. However, since the scan
clock signal SC_CLK and the sensing clock signal SS_CLK
are not supplied to the next stage or the previous stage, an
unacceptable scan signal and sensing signal are not output
from the next stage and the previous stage. Therefore, the
carry signal and the scan signal may be controlled by the
same scan clock signal SC_CLK. As a result, the scan driver
210 does not have a separate clock signal for controlling the
carry signal output, and thus a wire for the clock signal may
be reduced.

[0145] The voltage of the eleventh node N11 during the
seventh period t7 may be set to a voltage higher than that in
the sixth period t6 by the coupling of the first capacitor C1
and the second capacitor C2.

[0146] The supply of the sensing clock signal SS_CLK3 to
the stage STi is stopped in the eighth period t8. Then, the
output of the sensing signal SS(i) is stopped and the voltage
of the eleventh node N11 may be set to a voltage that is
somewhat lower than that in the seventh period t7 as the
coupling of the first capacitor C1 is released.

[0147] A characteristic of an organic light emitting diode
provided in the pixel PX may be measured during an eighth
period t8.

[0148] The scan clock signal SC_CLK3 and the sensing
clock signal SS_CLK3 are supplied to the stage STi in a
ninth period t9, and thus the scan signal SC(i) and the
sensing signal SS(i) are output. In addition, the carry signal
CR(i) may be output during the ninth period 9.

[0149] In an embodiment, the data signal of a correspond-
ing frame may be supplied to the pixel PX during the ninth
period t9, and the driving transistor may be initialized.
[0150] The fifth control signal S5 is supplied to the stage
STi during a tenth period t10. Therefore, the (1-1)-th tran-
sistor T1-1 and the (1-2)-th transistor T1-2 are turned on, and
the voltage of the eleventh node N11 is initialized as the low
voltage of the second power VSS2.

[0151] FIG. 7 is a circuit diagram illustrating another
embodiment of the stage shown in FIG. 3. In FIG. 7, for
convenience of description, only one stage STi' is exemplar-
ily shown. In addition, hereinafter, for convenience of
description, it is assumed that a fact that a certain signal is
supplied means that a high voltage is supplied and a fact that
a certain signal is not supplied means that a low voltage is
supplied.

[0152] In addition, in FIG. 7, a stage STi' receiving a third
scan clock signal SC_CLK3 and a third sensing clock signal
SS_CLK3 is representatively shown. In describing FIG. 7,
the third scan clock signal SC_CLK3 is referred to as the
scan clock signal, and the third sensing clock signal
SS_CLK3 is referred to as the sensing clock signal.

[0153] Referring to FIGS. 3 and 7, the stage STi' according
to another embodiment of the disclosure may include an
input unit 211" and an output buffer 212'. The input unit 211"
may include twenty-first to twenty-seventh transistors T21
to T27 and a third capacitor C3. In addition, the output buffer
212" includes first to sixteenth transistors T1 to T16 and first
and second capacitors C1 and C2.

[0154] A configuration of the input unit 211' will be
described first as follows.
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[0155] A first electrode of the third capacitor C3 is con-
nected to a third power terminal V3 to which the third power
VDD is input and a second electrode is connected to a gate
electrode of the twenty-fourth transistor T24 (that is, a fourth
node N4). The third capacitor C3 stores a voltage corre-
sponding to the gate electrode of the twenty-fourth transistor
T24. Here, for example, the third power VDD may be set to
the gate on voltage.

[0156] The twenty-first transistor T21 is connected
between a second carry input terminal CRIN2 to which an
(1i-2)-th carry signal CR(i-2) is input and a third node N3.
A gate electrode of the twenty-first transistor T21 is con-
nected to a first input terminal IN1 to which a first control
signal S1 is input. The twenty-first transistor T21 may be
turned on when the first control signal S1 is supplied to
supply a voltage corresponding to the (i-2)-th carry signal
CR(i-2) to the third node N3.

[0157] The twenty-second transistor T22 is connected
between the third node N3 and the third power terminal V3
to which the third power VDD is input. A gate electrode of
the twenty-second transistor T22 is connected to the fourth
node N4. The twenty-second transistor 122 is turned on or
off in response to a voltage of the fourth node N4.

[0158] The twenty-third transistor T23 is connected
between the third node N3 and the fourth node N4. A gate
electrode of the twenty-third transistor T23 is connected to
the first input terminal IN1 to which the first control signal
S1 is input. The twenty-third transistor T23 is turned on
when the first control signal S1 is supplied to supply a
voltage of the third node N3 to the fourth node N4.

[0159] The twenty-fourth transistor T24 is connected
between the third power terminal V3 to which the third
power VDD is input and the first node N1. A gate electrode
of the twenty-fourth transistor T24 is connected to the fourth
node N4. The twenty-fourth transistor T24 is turned on or off
in response to the voltage of the fourth node N4. When the
twenty-fourth transistor T24 is turned on, the high voltage of
the third power VDD is supplied to the first node N1.

[0160] The twenty-fifth transistor T25 is connected
between the second power terminal V2 to which the second
power VSS2 is input and the second node N2. A gate
electrode of the twenty-fifth transistor T25 is connected to
the fourth node N4. The twenty-fifth transistor T25 is turned
on or off in response to the voltage of the fourth node N4.
When the twenty-fifth transistor T25 is turned on, the low
voltage of the second power VSS2 is supplied to the second
node N2. Here, the second power VSS2 may be a voltage
that is set to be lower than the third power VDD, and may
be set to be lower than the gate off voltage. In an embodi-
ment, the second power VSS2 may be set to be lower than
the first power VSS1 and the low level of the scan clock
signal SC_CILK3, and may be about -9 V.

[0161] The output buffer 212' is connected to the input unit
211" through the first node N1 and the second node N2.

[0162] The first transistor T1 may include a (1-1)-th tran-
sistor T1-1 and a (1-2)-th transistor T1-2. The (1-1)-th
transistor T1-1 and the (1-2)-th transistor T1-2 are connected
in series between an eleventh node N11 and the second
power terminal V2 to which the second power VSS2 is
input. Gate electrodes of the (1-1)-th transistor T1-1 and the
(1-2)-th transistor T1-2 are connected to a fifth input termi-
nal IN5 to which a fifth control signal S5 is input. The
(1-1)-th transistor T1-1 and the (1-2)-th transistor T1-2 may
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be turned on when the fifth control signal S5 is supplied to
set a voltage of the eleventh node N11 to the voltage of the
second power VSS2.

[0163] The second transistor T2 may include a (2-1)-th
transistor T2-1 and a (2-2)-th transistor T2-2. The (2-1)-th
transistor T2-1 and the (2-2)-th transistor T2-2 are connected
in series between the eleventh node N11 and the second
power terminal V2 to which the second power VSS2 is
input. Gate electrodes of the (2-1)-th transistor T2-1 and the
(2-2)-th transistor T2-2 are connected to the third carry input
terminal CRIN3 to which the (i+4)-th carry signal CR(i+4)
or the (i+3)-th carry signal CR(i+3) is input. The (2-1)-th
transistor T2-1 and the (2-2)-th transistor T2-2 may be
turned on when the (i+4)-th carry signal CR(i+4) or the
(1+3)-th carry signal CR(i+3) is supplied to set the voltage of
the eleventh node N11 to the voltage of the second power
VSs2.

[0164] The third transistor T3 may include a (3-1)-th
transistor T3-1 and a (3-2)-th transistor T3-2. The (3-1)-th
transistor T3-1 and the (3-2)-th transistor T3-2 are connected
in series between the eleventh node N11 and the first carry
input terminal CRIN1 to which an (i-3)-th carry signal
CR(i-3) is input. Gate electrodes of the (3-1)-th transistor
T3-1 and the (3-2)-th transistor T3-2 are connected to the
first carry input terminal CRIN1. The (3-1)-th transistor
T3-1 and the (3-2)-th transistor T3-2 may be turned on when
the (i-3)-th carry signal CR(i-3) is supplied to supply the
(1-3)-th carry signal CR(i-3) to the eleventh node N11.
[0165] The fourth transistor T4 may include a (4-1)-th
transistor T4-1 and a (4-2)-th transistor T4-2. The (4-1)-th
transistor T4-1 and the (4-2)-th transistor T4-2 are connected
in series between the eleventh node N11 and the second
power terminal V2 to which the second power VSS2 is
input. Gate electrodes of the (4-1)-th transistor T4-1 and the
(4-2)-th transistor T4-2 are connected to a twelfth node N12.
The (4-1)-th transistor T4-1 and the (4-2)-th transistor T4-2
are turned on or off in response to power of the twelfth node
N12. When the (4-1)-th transistor T4-1 and the (4-2)-th
transistor T4-2 are turned on, the voltage of the second
power VSS2 may be supplied to the eleventh node N11.
[0166] The fifth transistor T5 is diode-connected between
the third input terminal IN3 receiving the third control signal
S3 and a gate electrode of the seventh transistor T7 (that is,
a fifth node N5). The fifth transistor T5 may be connected in
a diode form when the third control signal S3 is supplied to
supply the third control signal S3 to the fifth node N5.
[0167] The sixth transistor T6 is connected between the
fifth node N5 and the second power terminal V2 to which the
second power VSS2 is input. A gate electrode of the sixth
transistor T6 is connected to the eleventh node N11. The
sixth transistor T6 may be turned on when the eleventh node
N11 is set to the high voltage to supply the voltage of the
second power VSS2 to the fifth node N5.

[0168] The seventh transistor T7 is connected between the
third input terminal IN3 to which the third control signal S3
is input and the twelfth node N12. The gate electrode of the
seventh transistor T7 is connected to the fifth node N5. The
seventh transistor T7 is turned on or off in response to a
voltage of the fifth node N5. As the seventh transistor T7 is
turned on, a voltage of the third control signal S3 may be
supplied to the twelfth node N12.

[0169] The eighth transistor T8 is connected between the
twelfth node N12 and the second power terminal V2 to
which the second power VSS2 is input. A gate electrode of
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the eighth transistor T8 is connected to the first carry input
terminal CRIN1 to which the (i-3)-th carry signal CR(i-3)
is input. The eighth transistor T8 may be turned on when the
(1-3)-th carry signal CR(i-3) is supplied to set the voltage of
the twelfth node N12 to the low voltage of the second power
VSs2.

[0170] The ninth transistor T9 is connected between the
twelfth node N12 and the second power terminal V2 to
which the second power VSS2 is input. A gate electrode of
the ninth transistor T9 is connected to the eleventh node
N11. The ninth transistor T9 may be turned on when the high
voltage is supplied to the eleventh node N11 to set the
voltage of the twelfth node N12 to the low voltage of the
second power VSS2.

[0171] The tenth transistor T10, the eleventh transistor
T11, and the first capacitor C1 operate as a buffer circuit for
outputting the scan signal SC(i).

[0172] The tenth transistor T10 is connected between the
scan clock terminal SCCK to which the scan clock signal
SC_CLK3 is input and a first output terminal OUT1 out-
putting the scan signal SC(i). A gate electrode of the tenth
transistor T10 is connected to the eleventh node N11. The
tenth transistor T10 may be turned on when the eleventh
node N11 is set to the high voltage to output the scan clock
signal SC_CILK3 as the scan signal SC(i).

[0173] Here, the scan clock signal SC_CLK3 may have a
logic high level and a logic low level. Here, the logic high
level corresponds to the gate on voltage, and the logic low
level is set to be lower than the gate off voltage. For
example, the logic high level may be about 25 V. For
example, when the gate off voltage is about -5 V, the logic
low level may be about -7 V.

[0174] The eleventh transistor T11 is connected between
the first output terminal OUT1 and the first power terminal
V1 receiving the first power VSS1. A gate electrode of the
eleventh transistor T11 is connected to the twelfth node N12.
The eleventh transistor T11 may be turned on or off in
response to the voltage of the twelfth node N12. As the
eleventh transistor T11 is turned on, the low voltage of the
first power VSS1 may be output as the scan signal SC(i).
Here, the first power VSS1 may be a voltage that is set to be
lower than the third power VDD, and for example, the first
power VSS1 may be set to the gate off voltage. In an
embodiment, the first power VSS1 may be set to the gate off
voltage and may be about -5 V.

[0175] The first capacitor C1 is connected between the
first output terminal OUT1 and the eleventh node N11.
[0176] The twelfth transistor T12 and the sixteenth tran-
sistor T16 operate as a buffer circuit for outputting the carry
signal CR(i).

[0177] The twelfth transistor T12 is connected between
the scan clock terminal SCCK to which the scan clock signal
SC_CLK3 is input and the carry output terminal CR out-
putting the carry signal CR(i). A gate electrode of the twelfth
transistor T12 is connected to the eleventh node N11. The
twelfth transistor T12 may be turned on when the eleventh
node N11 is set to the high voltage to output the scan clock
signal SC_CLK3 as the carry signal CR(i).

[0178] The sixteenth transistor T16 is connected between
the carry output terminal CR and the second power terminal
V2 receiving the second power VSS2. A gate electrode of the
sixteenth transistor T16 is connected to the twelfth node
N12. The sixteenth transistor T16 may be turned on or off in
response to the voltage of the twelfth node N12. As the
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sixteenth transistor T16 is turned on, the low voltage of the
second power VSS2 may be output as the carry signal CR(1).
[0179] The thirteenth transistor T13, the fourteenth tran-
sistor T14, and the second capacitor C2 operate as a buffer
circuit for outputting the sensing signal SS(i).

[0180] The thirteenth transistor T13 is connected between
the sensing clock terminal SSCK receiving the sensing clock
signal SS_CLK and a second output terminal OUT2 out-
putting the sensing signal SS(i). A gate electrode of the
thirteenth transistor T13 is connected to the eleventh node
N11. The thirteenth transistor T13 may be turned on when
the eleventh node N11 is set to the high voltage to output the
sensing clock signal SS_CLK as the sensing signal SS(i).
[0181] The fourteenth transistor T14 is connected between
the second output terminal OUT2 and the first power ter-
minal V1 receiving the first power VSS1. A gate electrode of
the fourteenth transistor T14 is connected to the twelfth node
N12. The fourteenth transistor T14 may be turned on or off
in response to the voltage of the twelfth node N12. As the
fourteenth transistor T14 is turned on, the low voltage of the
first power VSS1 may be output as the sensing signal SS(i).
[0182] The second capacitor C2 is connected between the
second output terminal OUT2 and the eleventh node N11.
[0183] One end of the fifteenth transistor T15 is connected
to a common electrode of the (1-1)-th transistor T1-1 and the
(1-2)-th transistor T1-2, a common electrode of the (2-1)-th
transistor T2-1 and the (2-2)-th transistor T2-2, a common
electrode of the (3-1)-th transistor T3-1 and the (3-2)-th
transistor T3-2, and a common electrode of the (4-1)-th
transistor T4-1 and the (4-2)-th transistor T4-2. The other
end of the fifteenth transistor T15 is connected to the third
power terminal V3 to which the third power VDD is input.
A gate electrode of the fifteenth transistor T15 is connected
to the eleventh node N11. The fifteenth transistor T15 is
turned on or off in response to the voltage of the eleventh
node N11.

[0184] FIG. 8 is a waveform diagram illustrating an
embodiment of a method of driving the stage shown in FIG.
7. FIG. 9 is a diagram for describing a leakage current
reduction method of the stage shown in FIG. 7.

[0185] FIG. 8 shows an example in which sensing is
performed on an i-th pixel column during a sensing period.
Here, the i-th pixel column is connected to the i-th stage STi'
receiving the third scan clock signal SC_CILK3 and the third
sensing clock signal SS_CLK3. Here, the i-th stage STi' may
be configured to receive the third control signal S3 and not
to receive the fourth control signal S4.

[0186] In addition, referring to FIG. 8, one frame period
1Frame may include a display period DP and a vertical blank
period VBP, and the vertical blank period VBP may include
a sensing period SP and a reset period RP.

[0187] Referring to FIGS. 7 and 8, as the (i-3)-th carry
signal CR(i-3) is supplied in synchronization with the sixth
scan clock signal SC_CLKG6 in a first period t1, the (3-1)-th
transistor T3-1 and the (3-2)-th transistor T3-2 may be
turned on. Then, the high voltage of the (i-3)-th carry signal
CR(i-3) may be supplied to the eleventh node N11, and the
eleventh node N11 may be set to the high voltage.

[0188] When the eleventh node N11 is set to the high
voltage, the tenth transistor T10, the twelfth transistor T12,
and the thirteenth transistor T13 are turned on. However,
since the third scan clock signal SC_CLK3 and the third
sensing clock signal SS_CLK3 are not supplied during the
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first period tl, the carry signal CR(i), the scan signal SC(i),
and the sensing signal SS(i) are not output.

[0189] In addition, as the (i-3)-th carry signal CR(i-3) is
supplied in the first period t1, the eighth transistor T8 may
be turned on. Then, the low voltage of the second power
VSS2 may be supplied to the twelfth node N12, and thus the
twelfth node N12 may be set to the low voltage.

[0190] The (i-2)-th carry signal CR(i-2) and the first
control signal S1 are supplied to the input unit 211' in
synchronization with the first scan clock signal SC_CLK1 in
a second period t2. As the first control signal S1 is supplied,
the twenty-first transistor T21 and the twenty-third transistor
T23 of the i-th stage STi' are turned on. When the twenty-
first transistor T21 and the twenty-third transistor T23 are
turned on, the high voltage of the (i-2)-th carry signal
CR(i-2) is supplied to the fourth node N4. When the high
voltage is supplied to the fourth node N4, the twenty-second
transistor T22, the twenty-fourth transistor T24, and the
twenty-fifth transistor T25 are turned on.

[0191] When the twenty-second transistor T22 is turned
on, the high voltage of the third power VDD may be
supplied to the third node N3, and thus the high voltage of
the third node N3 may be stably maintained.

[0192] When the twenty-fourth transistor T24 is turned on,
the high voltage of the third power VDD is supplied to the
first node N1, and thus the first node N1 is set to the high
voltage. At this time, the third capacitor C3 stores the high
voltage of the fourth node N4.

[0193] When the twenty-fifth transistor T25 is turned on,
the low voltage of the second power VSS2 is supplied to the
second node N2, and thus the second node N2 is set to the
low voltage.

[0194] The first control signal S1 may be selectively
supplied to a stage connected to a pixel column to be sensed
in a subsequent sensing period SP to set the voltages of the
first node N1 and the second node N2 to the high voltage and
the low voltage, respectively.

[0195] Meanwhile, since the second control signal S2 is
not supplied during the second period t2, the twenty-sixth
transistor T26 and the twenty-seventh transistor T27 main-
tain a turn-off state, and voltage control of the first node N1
and the second node N2 does not affect the voltages of the
eleventh node N11 and the twelfth node N12. Therefore,
during the second period t2, the eleventh node N11 and the
twelfth node N12 may maintain voltages of a previous
period (for example, the eleventh node N11 may maintain
the high voltage and the twelfth node N12 may maintain the
low voltage).

[0196] The third scan clock signal SC_CILK3 and the third
sensing clock signal SS_CILK3 are supplied to the stage STi'
in a third period t3. At this time, as the eleventh node N11
is maintained at the high voltage, since the tenth transistor
T10, the twelfth transistor T12, and the thirteenth transistor
T13 maintain a turn-on state, the carry signal CR(i), the scan
signal SC(i), and the sensing signal SS(i) are output.
[0197] During the third period t3, the voltage of the
eleventh node N11 may be set to a voltage higher than that
in the first period t1 by coupling of the first capacitor C1 and
the second capacitor C2.

[0198] When the supply of the third scan clock signal
SC_CLKS3 and the third sensing clock signal SS_CLK3 is
stopped in the fourth period t4, the output of the carry signal
CR(i), the scan signal SC(i), and the sensing signal SS(i) is
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stopped, and the voltage of the eleventh node N11 may be
returned to the voltage in the first period t1.

[0199] As the (i+4)-th carry signal CR(i+4) is supplied in
synchronization with the first scan clock signal SC_CLK1 in
a fitth period t5, the (2-1)-th transistor T2-1 and the (2-2)-th
transistor T2-2 may be turned on. Then, the low voltage of
the second power VSS2 may be supplied to the eleventh
node N11, and the eleventh node N11 may be set to the low
voltage.

[0200] Meanwhile, as the third control signal S3 is sup-
plied in the fifth period t5, the fifth transistor T5 may be
diode-connected to set the fifth node N5 to the high voltage.
Then, the seventh transistor T7 may be turned on, the third
control signal S3 may be supplied to the twelfth node N12,
and the twelfth node N12 may be set to the high voltage.
Then, the low voltage of the first power VSS1 and the
second power VSS2 may be output as the scan signal SC(i),
the sensing signal SS(i), and the carry signal CR(i) through
the eleventh transistor T11, the fourteenth transistor T14,
and the sixteenth transistor T16.

[0201] During the fifth period t5, the third scan clock
signal SC_CLK3 applied to one electrode of the tenth
transistor T10, that is, a source electrode, maintains the low
level. In an embodiment, the low level of the third scan clock
signal SC_CLK3 may be set to be lower than the gate off
voltage, and may be, for example, about -7 V. Therefore, a
source voltage of the tenth transistor T10 may be set to about
-7 V.

[0202] In addition, in an embodiment, the voltage of the
second power VSS2 may be set to be lower than the low
level of the scan clock signal SC_CLK, and may be, for
example, about -9 V. In such an embodiment, the voltage of
the eleventh node N11 may be set to about -9 V. Accord-
ingly, a gate voltage of the tenth transistor T10 may be set
to about -9 V lower than the source voltage (=7 V).
[0203] In addition, when the twelfth node N12 is set to a
high node, the voltage of the first power VSS1 may be
applied to the other electrode, that is, a drain electrode of the
tenth transistor T10, through the eleventh transistor T11 that
is turned on. In an embodiment, the first power VSS1 may
be set to the gate off voltage, and may be, for example, about
-5V.

[0204] As described above, when the voltage of the sec-
ond power VSS2 is set to be lower than the low level of the
scan clock signal SC_CLK, the gate voltage of the tenth
transistor T10 may be set to be lower than the source
voltage. In an embodiment, a gate-source voltage Vgs of the
tenth transistor T10 may be about -2 V. Referring to FIG. 9,
when the gate-source voltage Vgs of the tenth transistor T10
is set to be lower than O V (that is, when a transistor
characteristic is switched to a negative), a drain-source
current IDS is reduced (curve 15) in comparison with a case
in which the gate-source voltage Vgs is set to be higher than
0 V (curve 1la). In the disclosure, since the gate-source
voltage Vgs of a negative value is applied to the tenth
transistor T10, a leakage current flowing through the tran-
sistor T10 may be reduced according to a Vgs-IDS curve
change (change from the curve 1a to the curve 15).

[0205] Generally, a drain current is reduced when Vgs is
reduced from a voltage lower than 0 V to a certain range, but
when the Vgs is reduced to a certain range or more, the drain
current may rapidly increase. Therefore, the voltage of the
second power VSS2 and the low level of the scan clock
signal SC_CLK may be set appropriately so that the leakage
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current of the tenth transistor T10 may be reduced by control
of Vgs. In an embodiment, the voltage of the second power
VSS2 and the low level of the scan clock signal SC_CLK
may be set to have a difference of 0 V to -2 V.

[0206] The second control signal S2 is supplied to the
stage ST1' in a sixth period t6. As the second control signal
S2 is supplied, the twenty-sixth transistor T26 and the
twenty-seventh transistor T27 are turned on.

[0207] When the twenty-sixth transistor T26 is turned on,
the high voltage of the first node N1 is supplied to the
eleventh node N11. When the eleventh node N11 is set to the
high voltage, the tenth transistor T10, the twelfth transistor
T12, and the thirteenth transistor T13 are turned on. Since
the third scan clock signal SC_CLK3 and the third sensing
clock signal SS_CLK3 are not supplied in the sixth period
6, the carry signal CR(i), the scan signal SC(i), and the
sensing signal SS(i)) are not output.

[0208] When the twenty-seventh transistor T27 is turned
on, the low voltage of the second node N2 may be supplied
to the twelfth node N12, and thus the twelfth node N12 may
be set to the low voltage.

[0209] The first node N1 is set to the high voltage only in
the stage receiving the first control signal S1 in the second
period t2. Therefore, the eleventh node N11 may be set to the
high voltage and the twelfth node N12 may be set to the low
voltage in the sixth period t6.

[0210] The second control signal S2, the third scan clock
signal SC_CLK3, and the third sensing clock signal
SS_CLK3 are supplied to the stage STi' in a seventh period
t7. At this time, since the eleventh node N11 is set to the high
voltage, the tenth transistor T10 and the thirteenth transistor
T13 are maintained in the turn-on state, and the scan signal
SC(i) and the sensing signal SS(i) are output. The charac-
teristic (for example, the threshold voltage, the mobility, and
the like) of the driving transistor provided in the pixel PX
receiving the scan signal SC(i) and the sensing signal SS(i)
may be measured.

[0211] At this time, the twelfth transistor T12 may also
maintain the turn-on state, and thus the third scan clock
signal SC_CLK3 may be output as the carry signal CR(i).
The carry signal CR(i) output from the stage STi' during the
sensing period SP may be applied to the first to third carry
input terminals CRIN1 to CRIN3 of the next stage or the
previous stage. Then, the voltage of the eleventh node N11
of the next stage or the previous stage may be set to the high
voltage. However, since the scan clock signal SC_CLK and
the sensing clock signal SS_CIK are not supplied to the next
stage or the previous stage, unacceptable scan signal and
sensing signal are not output from the next stage and the
previous stage. Therefore, the carry signal and the scan
signal may be controlled by the same scan clock signal
SC_CLK. As a result, the scan driver 210 does not have a
separate clock signal for controlling the carry signal output,
and thus a wire for the clock signal may be reduced.
[0212] The voltage of the eleventh node N11 during the
seventh period t7 may be set to a voltage higher than that in
the sixth period t6 by the coupling of the first capacitor C1
and the second capacitor C2.

[0213] The supply of the sensing clock signal SS_CLK3 to
the stage STi' is stopped in the eighth period t8. Then, the
output of the sensing signal SS(i) is stopped and the voltage
of the eleventh node N11 may be set to a voltage that is
somewhat lower than that in the seventh period t7 as the
coupling of the first capacitor C1 is released.
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[0214] A characteristic of an organic light emitting diode
provided in the pixel PX may be measured during an eighth
period t8.

[0215] The scan clock signal SC_CLK3 and the sensing
clock signal SS_CLK3 are supplied to the stage STi' in a
ninth period t9, and thus the scan signal SC(i) and the
sensing signal SS(i) are output. In addition, the carry signal
CR(i) may be output during the ninth period 9.

[0216] In an embodiment, the data signal of a correspond-
ing frame may be supplied to the pixel PX during the ninth
period 19, and thus the driving transistor may be initialized.
[0217] The fifth control signal S5 is supplied to the stage
STi' during a tenth period t10. Therefore, the (1-1)-th
transistor T1-1 and the (1-2)-th transistor T1-2 are turned on,
and the voltage of the eleventh node N11 is initialized as the
low voltage of the second power VSS2.

[0218] FIG. 10 is a circuit diagram illustrating still another
embodiment of the stage shown in FIG. 3. In FIG. 10, for
convenience of description, only one stage STi" is exem-
plarily shown. In addition, hereinafter, for convenience of
description, it is assumed that a fact that a certain signal is
supplied means that a high voltage is supplied and a fact that
a certain signal is not supplied means that a low voltage is
supplied.

[0219] In addition, in FIG. 10, a stage STi" receiving a
third scan clock signal SC_CILK3 and a third sensing clock
signal SS_CILK3 is representatively shown. In describing
FIG. 10, the third scan clock signal SC_CLK3 is referred to
as the scan clock signal, and the third sensing clock signal
SS_CLK3 is referred to as the sensing clock signal.
[0220] Referring to FIGS. 3 and 10, the stage STi" accord-
ing to still another embodiment of the disclosure may
include an input unit 211" and an output buffer 212". The
input unit 211" may include twenty-first to twenty-seventh
transistors T21 to T27 and a third capacitor C3. In addition,
the output buffer 212" includes first to sixteenth transistors
T1 to T16 and first and second capacitors C1 and C2.
[0221] A configuration of the input unit 211" will be
described first as follows.

[0222] A first electrode of the third capacitor C3 is con-
nected to a third power terminal V3 to which the third power
VDD is input and a second electrode is connected to a gate
electrode of the twenty-fourth transistor T24 (that is, a fourth
node N4). The third capacitor C3 stores a voltage corre-
sponding to the gate electrode of the twenty-fourth transistor
T24. Here, for example, the third power VDD may be set to
the gate on voltage.

[0223] The twenty-first transistor T21 is connected
between a second carry input terminal CRIN2 to which an
(1-2)-th carry signal CR(i-2) is input and a third node N3.
A gate electrode of the twenty-first transistor T21 is con-
nected to a first input terminal IN1 to which a first control
signal S1 is input. The twenty-first transistor T21 may be
turned on when the first control signal S1 is supplied to
supply a voltage corresponding to the (i-2)-th carry signal
CR(i-2) to the third node N3.

[0224] The twenty-second transistor T22 is connected
between the third node N3 and the third power terminal V3
to which the third power VDD is input. A gate electrode of
the twenty-second transistor T22 is connected to the fourth
node N4. The twenty-second transistor 122 is turned on or
off in response to a voltage of the fourth node N4.

[0225] The twenty-third transistor T23 is connected
between the third node N3 and the fourth node N4. A gate
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electrode of the twenty-third transistor T23 is connected to
the first input terminal IN1 to which the first control signal
S1 is input. The twenty-third transistor T23 is turned on
when the first control signal S1 is supplied to supply a
voltage of the third node N3 to the fourth node N4.

[0226] The twenty-fourth transistor T24 is connected
between the third power terminal V3 to which the third
power VDD is input and the first node N1. A gate electrode
of the twenty-fourth transistor T24 is connected to the fourth
node N4. The twenty-fourth transistor T24 is turned on or off
in response to the voltage of the fourth node N4. When the
twenty-fourth transistor T24 is turned on, the high voltage of
the third power VDD is supplied to the first node N1.
[0227] The twenty-fifth transistor T25 is connected
between the second power terminal V2 to which the second
power VSS2 is input and the second node N2. A gate
electrode of the twenty-fifth transistor T25 is connected to
the fourth node N4. The twenty-fifth transistor T25 is turned
on or off in response to the voltage of the fourth node N4.
When the twenty-fifth transistor T25 is turned on, the low
voltage of the second power VSS2 is supplied to the second
node N2. Here, the second power VSS2 may be a voltage
that is set to be lower than the third power VDD, and may
be set to be lower than the gate off voltage. In an embodi-
ment, the second power VSS2 may be set to be lower than
the first power VSS1 and the low level of the scan clock
signal SC_CILK3, and may be about -9 V.

[0228] The output buffer 212" is connected to the input
unit 211" through the first node N1 and the second node N2.
[0229] The first transistor T1 may include a (1-1)-th tran-
sistor T1-1 and a (1-2)-th transistor T1-2. The (1-1)-th
transistor T1-1 and the (1-2)-th transistor T1-2 are connected
in series between an eleventh node N11 and the second
power terminal V2 to which the second power VSS2 is
input. Gate electrodes of the (1-1)-th transistor T1-1 and the
(1-2)-th transistor T1-2 are connected to a fifth input termi-
nal IN5 to which a fifth control signal S5 is input. The
(1-1)-th transistor T1-1 and the (1-2)-th transistor T1-2 may
be turned on when the fifth control signal S5 is supplied to
set a voltage of the eleventh node N11 to the voltage of the
second power VSS2.

[0230] The second transistor T2 may include a (2-1)-th
transistor T2-1 and a (2-2)-th transistor T2-2. The (2-1)-th
transistor T2-1 and the (2-2)-th transistor T2-2 are connected
in series between the eleventh node N11 and the second
power terminal V2 to which the second power VSS2 is
input. Gate electrodes of the (2-1)-th transistor T2-1 and the
(2-2)-th transistor T2-2 are connected to the third carry input
terminal CRIN3 to which the (i+4)-th carry signal CR(i+4)
or the (i+3)-th carry signal CR(i+3) is input. The (2-1)-th
transistor T2-1 and the (2-2)-th transistor T2-2 may be
turned on when the (i+4)-th carry signal CR(i+4) or the
(1+3)-th carry signal CR(i+3) is supplied to set the voltage of
the eleventh node N11 to the voltage of the second power
VSs2.

[0231] The third transistor T3 may include a (3-1)-th
transistor T3-1 and a (3-2)-th transistor T3-2. The (3-1)-th
transistor T3-1 and the (3-2)-th transistor T3-2 are connected
in series between the eleventh node N11 and the first carry
input terminal CRIN1 to which an (i-3)-th carry signal
CR(i-3) is input. Gate electrodes of the (3-1)-th transistor
T3-1 and the (3-2)-th transistor T3-2 are connected to the
first carry input terminal CRIN1. The (3-1)-th transistor
T3-1 and the (3-2)-th transistor T3-2 may be turned on when

Petitioner Ex 1027, p. 24
BOE v. Samsung, IPR2024-00620



US 2020/0410943 Al

the (i-3)-th carry signal CR(i-3) is supplied to supply the
(i-3)-th carry signal CR(i-3) to the eleventh node N11.

[0232] The fourth transistor T4 may include a (4-1)-th
transistor T4-1 and a (4-2)-th transistor T4-2. The (4-1)-th
transistor T4-1 and the (4-2)-th transistor T4-2 are connected
in series between the eleventh node N11 and the second
power terminal V2 to which the second power VSS2 is
input. Gate electrodes of the (4-1)-th transistor T4-1 and the
(4-2)-th transistor T4-2 are connected to a twelfth node N12.
The (4-1)-th transistor T4-1 and the (4-2)-th transistor T4-2
are turned on or off in response to power of the twelfth node
N12. When the (4-1)-th transistor T4-1 and the (4-2)-th
transistor T4-2 are turned on, the voltage of the second
power VSS2 may be supplied to the eleventh node N11.

[0233] The fifth transistor T5 is diode-connected between
the third input terminal IN3 receiving the third control signal
S3 and a gate electrode of the seventh transistor T7 (that is,
a fifth node N5). The fifth transistor T5 may be connected in
a diode form when the third control signal S3 is supplied to
supply the third control signal S3 to the fifth node N5.

[0234] The sixth transistor T6 is connected between the
fifth node N5 and the second power terminal V2 to which the
second power VSS2 is input. A gate electrode of the sixth
transistor T6 is connected to the eleventh node N11. The
sixth transistor T6 may be turned on when the eleventh node
N11 is set to the high voltage to supply the voltage of the
second power VSS2 to the fifth node N5.

[0235] The seventh transistor T7 is connected between the
third input terminal IN3 to which the third control signal S3
is input and the twelfth node N12. The gate electrode of the
seventh transistor T7 is connected to the fifth node N5. The
seventh transistor T7 is turned on or off in response to a
voltage of the fifth node N5. As the seventh transistor T7 is
turned on, a voltage of the third control signal S3 may be
supplied to the twelfth node N12.

[0236] The eighth transistor T8 is connected between the
twelfth node N12 and the second power terminal V2 to
which the second power VSS2 is input. A gate electrode of
the eighth transistor T8 is connected to the first carry input
terminal CRIN1 to which the (i-3)-th carry signal CR(i-3)
is input. The eighth transistor T8 may be turned on when the
(1-3)-th carry signal CR(i-3) is supplied to set the voltage of
the twelfth node N12 to the low voltage of the second power
VSs2.

[0237] The ninth transistor T9 is connected between the
twelfth node N12 and the second power terminal V2 to
which the second power VSS2 is input. A gate electrode of
the ninth transistor T9 is connected to the eleventh node
N11. The ninth transistor T9 may be turned on when the high
voltage is supplied to the eleventh node N11 to set the
voltage of the twelfth node N12 to the low voltage of the
second power VSS2.

[0238] The tenth transistor T10, the eleventh transistor
T11, and the first capacitor C1 operate as a buffer circuit for
outputting the scan signal SC(i).

[0239] The tenth transistor T10 is connected between the
scan clock terminal SCCK to which the scan clock signal
SC_CLK3 is input and a first output terminal OUT1 out-
putting the scan signal SC(i). A gate electrode of the tenth
transistor T10 is connected to the eleventh node N11. The
tenth transistor T10 may be turned on when the eleventh
node N11 is set to the high voltage to output the scan clock
signal SC_CILK3 as the scan signal SC(i).
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[0240] Here, the scan clock signal SC_CLK3 may have a
logic high level and a logic low level. Here, the logic high
level corresponds to the gate on voltage, and the logic low
level is set to be lower than the gate off voltage. For
example, the logic high level may be about 25 V. For
example, when the gate off voltage is about -5 V, the logic
low level may be about -7 V.

[0241] The eleventh transistor T11 is connected between
the first output terminal OUT1 and the first power terminal
V1 receiving the first power VSS1. A gate electrode of the
eleventh transistor T11 is connected to the twelfth node N12.
The eleventh transistor T11 may be turned on or off in
response to the voltage of the twelfth node N12. As the
eleventh transistor T11 is turned on, the low voltage of the
first power VSS1 may be output as the scan signal SC(i).
Here, the first power VSS1 may be a voltage that is set to be
lower than the third power VDD, and for example, the first
power VSS1 may be set to the gate off voltage. In an
embodiment, the first power VSS1 may be set to the gate off
voltage and may be about -5 V.

[0242] The first capacitor C1 is connected between the
first output terminal OUT1 and the eleventh node N11.
[0243] The twelfth transistor T12 and the sixteenth tran-
sistor T16 operate as a buffer circuit for outputting the carry
signal CR(i).

[0244] The twelfth transistor T12 is connected between
the sensing clock terminal SSCK to which the sensing clock
signal SS_CLK3 is input and the carry output terminal CR
outputting the carry signal CR(i). A gate electrode of the
twelfth transistor T12 is connected to the eleventh node N11.
The twelfth transistor T12 may be turned on when the
eleventh node N11 is set to the high voltage to output the
sensing clock signal SS_CLK3 as the carry signal CR(3).
[0245] The sixteenth transistor T16 is connected between
the carry output terminal CR and the second power terminal
V2 receiving the second power VSS2. A gate electrode of the
sixteenth transistor T16 is connected to the twelfth node
N12. The sixteenth transistor T16 may be turned on or off in
response to the voltage of the twelfth node N12. As the
sixteenth transistor T16 is turned on, the low voltage of the
second power VSS2 may be output as the carry signal CR(i).
[0246] The thirteenth transistor T13, the fourteenth tran-
sistor T14, and the second capacitor C2 operate as a buffer
circuit for outputting the sensing signal SS(i).

[0247] The thirteenth transistor T13 is connected between
the sensing clock terminal SSCK receiving the sensing clock
signal SS_CLK and a second output terminal OUT2 out-
putting the sensing signal SS(i). A gate electrode of the
thirteenth transistor T13 is connected to the eleventh node
N11. The thirteenth transistor T13 may be turned on when
the eleventh node N11 is set to the high voltage to output the
sensing clock signal SS_CLK as the sensing signal SS(i).
[0248] The fourteenth transistor T14 is connected between
the second output terminal OUT2 and the first power ter-
minal V1 receiving the first power VSS1. A gate electrode of
the fourteenth transistor T14 is connected to the twelfth node
N12. The fourteenth transistor T14 may be turned on or off
in response to the voltage of the twelfth node N12. As the
fourteenth transistor T14 is turned on, the low voltage of the
first power VSS1 may be output as the sensing signal SS(i).
[0249] The second capacitor C2 is connected between the
second output terminal OUT2 and the eleventh node N11.
[0250] One end of the fifteenth transistor T15 is connected
to a common electrode of the (1-1)-th transistor T1-1 and the
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(1-2)-th transistor T1-2, a common electrode of the (2-1)-th
transistor T2-1 and the (2-2)-th transistor T2-2, a common
electrode of the (3-1)-th transistor T3-1 and the (3-2)-th
transistor T3-2, and a common electrode of the (4-1)-th
transistor T4-1 and the (4-2)-th transistor T4-2. The other
end of the fifteenth transistor T15 is connected to the third
power terminal V3 to which the third power VDD is input.
A gate electrode of the fifteenth transistor T15 is connected
to the eleventh node N11. The fifteenth transistor T15 is
turned on or off in response to the voltage of the eleventh
node N11.

[0251] The stage STi" shown in FIG. 10 is different from
the stage STi' shown in FIG. 7 in that the buffer circuit for
outputting the carry signal CR(i) shares the sensing clock
signal SS_CLK3 with the buffer circuit for outputting the
sensing signal SS(i), instead of the scan clock signal
SC_CLK.

[0252] FIG. 11 is a waveform diagram illustrating an
embodiment of a method of driving the stage shown in FIG.
10.

[0253] FIG. 11 shows an example in which sensing is
performed on an i-th pixel column during a sensing period.
Here, the i-th pixel column is connected to the i-th stage
STI" receiving the third scan clock signal SC_CLK3 and the
third sensing clock signal SS_CLK3. Here, the i-th stage
STI" may be configured to receive the third control signal S3
and not to receive the fourth control signal S4.

[0254] In addition, referring to FIG. 11, one frame period
1Frame may include a display period DP and a vertical blank
period VBP, and the vertical blank period VBP may include
a sensing period SP and a reset period RP.

[0255] Referring to FIGS. 10 and 11, as the (i-3)-th carry
signal CR(i-3) is supplied in synchronization with the sixth
sensing clock signal SS_CLK6 in a first period t1, the
(3-1)-th transistor T3-1 and the (3-2)-th transistor T3-2 may
be turned on. Then, the high voltage of the (i-3)-th carry
signal CR(i-3) may be supplied to the eleventh node N11,
and the eleventh node N11 may be set to the high voltage.
[0256] When the eleventh node N11 is set to the high
voltage, the tenth transistor T10, the twelfth transistor T12,
and the thirteenth transistor T13 are turned on. However,
since the third scan clock signal SC_CLK3 and the third
sensing clock signal SS_CLK3 are not supplied during the
first period tl, the carry signal CR(i), the scan signal SC(i),
and the sensing signal SS(i) are not output.

[0257] In addition, as the (i-3)-th carry signal CR(i-3) is
supplied in the first period t1, the eighth transistor T8 may
be turned on. Then, the low voltage of the second power
VSS2 may be supplied to the twelfth node N12, and thus the
twelfth node N12 may be set to the low voltage.

[0258] The (i-2)-th carry signal CR(i-2) and the first
control signal S1 are supplied to the input unit 211" in
synchronization with the first sensing clock signal
SS_CLK1 in a second period t2. As the first control signal
S1 is supplied, the twenty-first transistor T21 and the
twenty-third transistor T23 of the i-th stage STI" are turned
on. When the twenty-first transistor T21 and the twenty-third
transistor T23 are turned on, the high voltage of the (i-2)-th
carry signal CR(i-2) is supplied to the fourth node N4.
When the high voltage is supplied to the fourth node N4, the
twenty-second transistor T22, the twenty-fourth transistor
T24, and the twenty-fifth transistor T25 are turned on.
[0259] When the twenty-second transistor T22 is turned
on, the high voltage of the third power VDD may be
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supplied to the third node N3, and thus the high voltage of
the third node N3 may be stably maintained.

[0260] When the twenty-fourth transistor T24 is turned on,
the high voltage of the third power VDD is supplied to the
first node N1, and thus the first node N1 is set to the high
voltage. At this time, the third capacitor C3 stores the high
voltage of the fourth node N4.

[0261] When the twenty-fifth transistor T25 is turned on,
the low voltage of the second power VSS2 is supplied to the
second node N2, and thus the second node N2 is set to the
low voltage.

[0262] The first control signal S1 may be selectively
supplied to a stage connected to a pixel column to be sensed
in a subsequent sensing period SP to set the voltages of the
first node N1 and the second node N2 to the high voltage and
the low voltage, respectively.

[0263] Meanwhile, since the second control signal S2 is
not supplied during the second period t2, the twenty-sixth
transistor T26 and the twenty-seventh transistor T27 main-
tain a turn-off state, and voltage control of the first node N1
and the second node N2 does not affect the voltages of the
eleventh node N11 and the twelfth node N12. Therefore,
during the second period t2, the eleventh node N11 and the
twelfth node N12 may maintain voltages of a previous
period (for example, the eleventh node N11 may maintain
the high voltage and the twelfth node N12 may maintain the
low voltage).

[0264] The third scan clock signal SC_CILK3 and the third
sensing clock signal SS_CLK3 are supplied to the stage
STI" in a third period t3. At this time, as the eleventh node
N11 is maintained at the high voltage, since the tenth
transistor T10, the twelfth transistor T12, and the thirteenth
transistor T13 maintain a turn-on state, the carry signal
CR(1), the scan signal SC(i), and the sensing signal SS(i) are
output.

[0265] During the third period t3, the voltage of the
eleventh node N11 may be set to a voltage higher than that
in the first period t1 by coupling of the first capacitor C1 and
the second capacitor C2.

[0266] When the supply of the third scan clock signal
SC_CLKS3 and the third sensing clock signal SS_CLK3 is
stopped in the fourth period t4, the output of the carry signal
CR(i), the scan signal SC(i), and the sensing signal SS(i) is
stopped, and the voltage of the eleventh node N11 may be
returned to the voltage in the first period t1.

[0267] As the (i+4)-th carry signal CR(i+4) is supplied in
synchronization with the first sensing clock signal
SS_CLK1 in a fifth period t5, the (2-1)-th transistor T2-1 and
the (2-2)-th transistor T2-2 may be turned on. Then, the low
voltage of the second power VSS2 may be supplied to the
eleventh node N11, and the eleventh node N11 may be set
to the low voltage.

[0268] Meanwhile, as the third control signal S3 is sup-
plied in the fifth period t5, the fifth transistor T5 may be
diode-connected to set the fifth node N5 to the high voltage.
Then, the seventh transistor T7 may be turned on, the third
control signal S3 may be supplied to the twelfth node N12,
and the twelfth node N12 may be set to the high voltage.
Then, the low voltage of the first power VSS1 and the
second power VSS2 may be output as the scan signal SC(i),
the sensing signal SS(i), and the carry signal CR(i) through
the eleventh transistor T11, the fourteenth transistor T14,
and the sixteenth transistor T16.
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[0269] During the fifth period t5, the third scan clock
signal SC_CLK3 applied to one electrode of the tenth
transistor T10, that is, a source electrode, maintains the low
level. In an embodiment, the low level of the third scan clock
signal SC_CLK3 may be set to be lower than the gate off
voltage, and may be, for example, about -7 V. Therefore, a
source voltage of the tenth transistor T10 may be set to about
-7 V.

[0270] In addition, in an embodiment, the voltage of the
second power VSS2 may be set to be lower than the low
level of the scan clock signal SC_CLK, and may be, for
example, about -9 V. In such an embodiment, the voltage of
the eleventh node N11 may be set to about -9 V. Accord-
ingly, a gate voltage of the tenth transistor T10 may be set
to about -9 V lower than the source voltage (=7 V).
[0271] In addition, when the twelfth node N12 is set to a
high node, the voltage of the first power VSS1 may be
applied to the other electrode, that is, a drain electrode of the
tenth transistor T10, through the eleventh transistor T11 that
is turned on. In an embodiment, the first power VSS1 may
be set to the gate off voltage, and may be, for example, about
-5V.

[0272] The second control signal S2 is supplied to the
stage STI" in a sixth period t6. As the second control signal
S2 is supplied, the twenty-sixth transistor 126 and the
twenty-seventh transistor T27 are turned on.

[0273] When the twenty-sixth transistor 126 is turned on,
the high voltage of the first node N1 is supplied to the
eleventh node N11. When the eleventh node N11 is set to the
high voltage, the tenth transistor T10, the twelfth transistor
T12, and the thirteenth transistor T13 are turned on. Since
the third scan clock signal SC_CLK3 and the third sensing
clock signal SS_CLK3 are not supplied in the sixth period
16, the carry signal CR(i), the scan signal SC(i), and the
sensing signal SS(i)) are not output.

[0274] When the twenty-seventh transistor T27 is turned
on, the low voltage of the second node N2 may be supplied
to the twelfth node N12, and thus the twelfth node N12 may
be set to the low voltage.

[0275] The first node N1 is set to the high voltage only in
the stage receiving the first control signal S1 in the second
period t2. Therefore, the eleventh node N11 may be set to the
high voltage and the twelfth node N12 may be set to the low
voltage in the sixth period t6.

[0276] The second control signal S2, the third scan clock
signal SC_CLK3, and the third sensing clock signal
SS_CLK3 are supplied to the stage STI" in a seventh period
t7. At this time, since the eleventh node N11 is set to the high
voltage, the tenth transistor T10 and the thirteenth transistor
T13 are maintained in the turn-on state, and the scan signal
SC(i) and the sensing signal SS(i) are output. The charac-
teristic (for example, the threshold voltage, the mobility, and
the like) of the driving transistor provided in the pixel PX
receiving the scan signal SC(i) and the sensing signal SS(i)
may be measured.

[0277] At this time, the twelfth transistor T12 may also
maintain the turn-on state, and thus the third sensing clock
signal SS_CLK3 may be output as the carry signal CR(1).
The carry signal CR(i) output from the stage STI" during the
sensing period SP may be applied to the first to third carry
input terminals CRIN1 to CRIN3 of the next stage or the
previous stage. Then, the voltage of the eleventh node N11
of'the next stage or the previous stage may be set to the high
voltage. However, since the scan clock signal SC_CLK and
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the sensing clock signal SS_CIK are not supplied to the next
stage or the previous stage, unacceptable scan signal and
sensing signal are not output from the next stage and the
previous stage. Therefore, the carry signal and the sensing
signal may be controlled by the same sensing clock signal
SC_CLK. As a result, the scan driver 210 does not have a
separate clock signal for controlling the carry signal output,
and thus a wire for the clock signal may be reduced.

[0278] The voltage of the eleventh node N11 during the
seventh period t7 may be set to a voltage higher than that in
the sixth period t6 by the coupling of the first capacitor C1
and the second capacitor C2.

[0279] The supply of the sensing clock signal SS_CLK3 to
the stage STI" is stopped in the eighth period t8. Then, the
output of the sensing signal SS(i) and the carry signal CR(i)
is stopped and the voltage of the eleventh node N11 may be
set to a voltage that is somewhat lower than that in the
seventh period t7 as the coupling of the first capacitor C1 is
released.

[0280] A characteristic of an organic light emitting diode
provided in the pixel PX may be measured during an eighth
period 8.

[0281] The scan clock signal SC_CLK3 and the sensing
clock signal SS_CLK3 are supplied to the stage STI" in a
ninth period t9, and thus the scan signal SC(i) and the
sensing signal SS(i) are output. In addition, the carry signal
CR(i) may be output during the ninth period 9.

[0282] In an embodiment, the data signal of a correspond-
ing frame may be supplied to the pixel PX during the ninth
period 19, and thus the driving transistor may be initialized.

[0283] The fifth control signal S5 is supplied to the stage
STI" during a tenth period t10. Therefore, the (1-1)-th
transistor T1-1 and the (1-2)-th transistor T1-2 are turned on,
and the voltage of the eleventh node N11 is initialized as the
low voltage of the second power VSS2.

[0284] It will be understood by those skilled in the art that
the disclosure may be carried out in other specific forms
without changing the technical spirit or essential character-
istics thereof. Therefore, it should be understood that the
above-described embodiments are illustrative and not
restrictive in all aspects. The scope of the disclosure is
defined by the following claims rather than the above
detailed description, and it is intended that all changes and
modifications drawn from the meaning and range of the
claims and the equivalents thereof are included within the
scope of the disclosure.

What is claimed is:

1. A stage connected to each of scan lines and to supply
a scan signal and a sensing signal to the scan lines, the stage
comprising:
an input unit configured to control voltages of a first node
and a second node based on a first control signal and a
previous stage carry signal; and

an output buffer including an eleventh node and a twelfth
node electrically connected to the first node and the
second node, respectively, in response to a second
control signal, and configured to output a carry signal
and the scan signal in response to a scan clock signal
according to voltages of the eleventh node and the
twelfth node and to output the sensing signal in
response to a sensing clock signal,
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wherein the output buffer outputs the carry signal and the
scan signal based on any one of the scan clock signal,
a first low potential power voltage, and a second low
potential power voltage,

alow level of the scan clock signal is set to be lower than
or equal to the first low potential power voltage, and

the second low potential power voltage is set to be lower
than or equal to the low level of the scan clock signal.

2. The stage according to claim 1, wherein the output
buffer comprises:

a tenth transistor connected between a scan clock terminal
configured to receive the scan clock signal and a first
output terminal configured to output the scan signal,
and having a gate electrode connected to the eleventh
node;

an eleventh transistor connected between the first output
terminal and a first power terminal configured to
receive the first low potential power voltage, and hav-
ing a gate electrode connected to the twelfth node; and

a twelfth transistor connected between a carry output
terminal outputting the carry signal and the first output
terminal, and having a gate electrode connected to the
eleventh node.

3. The stage according to claim 2, wherein the twelfth
transistor is turned on according to the voltage of the
eleventh node and outputs a part of signals output to the first
output terminal to the carry output terminal.

4. The stage according to claim 1, wherein the output
buffer comprises:

a carry output buffer configured to output the carry signal
based on the scan clock signal and the first low poten-
tial power voltage; and

a scan output buffer configured to output the scan signal
based on the scan clock signal and the second low
potential power voltage.

5. The stage according to claim 4, wherein the low level
of the scan clock signal is set to be lower than the first low
potential power voltage, and

the second low potential power voltage is set to be lower
than the low level of the scan clock signal.

6. The stage according to claim 5, wherein the scan output

buffer comprises:

a tenth transistor connected between a scan clock terminal
configured to receive the scan clock signal and a first
output terminal configured to output the scan signal,
and having a gate electrode connected to the eleventh
node; and

an eleventh transistor connected between the first output
terminal and a first power terminal configured to
receive the first low potential power voltage, and hav-
ing a gate electrode connected to the twelfth node, and

the carry output buffer comprises:

a twelfth transistor connected between the scan clock
terminal and a carry output terminal configured to
output the carry signal, and having a gate electrode
connected to the eleventh node; and

a sixteenth transistor connected between the carry output
terminal and the second low potential power voltage,
and having a gate electrode connected to the twelfth
node.

7. The stage according to claim 6, wherein the scan output
buffer and the carry output buffer output the carry signal and
the scan signal when the eleventh node is set to a high
voltage.
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8. The stage according to claim 6, wherein the output
buffer further comprises a first transistor that is turned on
when a fifth control signal is applied during a reset period of
one frame and supplies the second low potential power
voltage to the eleventh node.

9. The stage according to claim 8, wherein, when the low
level of the scan clock signal is applied to the carry output
terminal during a display period after the reset period, a first
electrode voltage of the tenth transistor is set to the low
level, a second electrode voltage is set to the first low
potential power voltage, and a voltage of the gate electrode
is set to the voltage of the eleventh node.

10. The stage according to claim 1, wherein the output
buffer further comprises:

a twenty-sixth transistor connected between the first node
and the eleventh node, and having a gate electrode
connected to a second input terminal configured to
receive a second control signal; and

a twenty-seventh transistor connected between the second
node and the twelfth node, and having a gate electrode
connected to the second input terminal, and

the twenty-sixth transistor and the twenty-seventh tran-
sistor are turned on by the second control signal and
electrically connect the eleventh node and the twelfth
node to the first node and the second node, respectively.

11. The stage according to claim 1, wherein the input unit
comprises:

a twenty-first transistor connected between a second carry
input terminal configured to receive the previous stage
carry signal and a third node, and having a gate
electrode connected to a first input terminal configured
to receive the first control signal;

a twenty-second transistor connected between the third
node and a third power terminal configured to receive
a high potential power voltage, and having a gate
electrode connected to a fourth node;

a twenty-third transistor connected between the third node
and the fourth node, and having a gate electrode
connected to the first input terminal;

a twenty-fourth transistor connected between the third
power terminal and the first node, and having a gate
electrode connected to the fourth node;

a twenty-fifth transistor connected between the fourth
node and a second power terminal configured to receive
the second low potential power voltage, and having a
gate electrode connected to the fourth node; and

a capacitor connected between the third power terminal
and the fourth node.

12. The stage according to claim 11, wherein the twenty-
first transistor, the twenty-second transistor, and the twenty-
third transistor are turned on and supply a high voltage of the
previous stage carry signal to the fourth node, when the first
control signal is input.

13. The stage according to claim 12, wherein the twenty-
fourth transistor supplies the high potential power voltage to
the first node as the twenty-fourth transistor is turned on in
response to a voltage of the fourth node, and

the twenty-fitth transistor supplies the first low potential
power voltage to the second node as the twenty-fifth
transistor is turned on in response to the voltage of the
fourth node.
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14. A scan driver comprising stages connected to scan
lines respectively and to supply a scan signal and a sensing
signal to the scan lines, wherein an i-th (i is a natural
number) stage comprises:

an input unit configured to control voltages of a first node
and a second node based on a first control signal and a
previous stage carry signal; and

an output buffer including an eleventh node and a twelfth
node electrically connected to the first node and the
second node, respectively, in response to a second
control signal, and configured to output a carry signal
and the scan signal in response to a scan clock signal
according to voltages of the eleventh node and the
twelfth node and to output the sensing signal in
response to a sensing clock signal,

the output buffer outputs the carry signal and the scan
signal based on any one of the scan clock signal, a first
low potential power voltage, and a second low potential
power voltage,

alow level of the scan clock signal is set to be lower than
or equal to the first low potential power voltage, and

the second low potential power voltage is set to be lower
than or equal to the low level of the scan clock signal.

15. The scan driver according to claim 14, wherein the
output buffer comprises:

a tenth transistor connected between a scan clock terminal
configured to receive the scan clock signal and a first
output terminal configured to output the scan signal,
and having a gate electrode connected to the eleventh
node;

an eleventh transistor connected between the first output
terminal and the first low potential power voltage, and
having a gate electrode connected to the twelfth node;
and

a twelfth transistor connected between a carry output
terminal configured to output the carry signal and the
first output terminal, and having a gate electrode con-
nected to the eleventh node.

16. The scan driver according to claim 15, wherein the

twelfth transistor is turned on according to the voltage of the
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eleventh node and outputs a part of signals output to the first
output terminal to the carry output terminal.

17. The scan driver according to claim 14, wherein the
output buffer comprises:

a tenth transistor connected between a scan clock terminal
configured to receive the scan clock signal and a first
output terminal configured to output the scan signal,
and having a gate electrode connected to the eleventh
node;

an eleventh transistor connected between the first output
terminal and the first low potential power voltage, and
having a gate electrode connected to the twelfth node;

a twelfth transistor connected between the scan clock
terminal and a carry output terminal configured to
output the carry signal, and having a gate electrode
connected to the eleventh node; and

a sixteenth transistor connected between the carry output
terminal and the second low potential power voltage,
and having a gate electrode connected to the twelfth
node.

18. The scan driver according to claim 17, wherein the
low level of the scan clock signal is set to be lower than the
first low potential power voltage, and

the second low potential power voltage is set to be lower
than the low level of the scan clock signal.

19. The scan driver according to claim 18, wherein the
output buffer further comprises a first transistor that is turned
on when a fitth control signal is applied during a reset period
of one frame and supplies the second low potential power
voltage to the eleventh node.

20. The scan driver according to claim 19, wherein, when
the low level of the scan clock signal is applied to the carry
output terminal during a display period after the reset period,
a first electrode voltage of the tenth transistor is set to the
low level, a second electrode voltage is set to the first low
potential power voltage, and a voltage of the gate electrode
is set to the voltage of the eleventh node.

#* #* #* #* #*
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