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A pixel circuit and a display device including the pixel circuit
are disclosed. In one aspect, the pixel circuit includes an
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nal electrically connected to a first node and a second terminal
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PIXEL CIRCUIT AND DISPLAY DEVICE
INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims priority under 35 USC §119
to Korean Patent Applications No. 10-2015-0022171, filed on
Feb. 13, 2015 in the Korean Intellectual Property Office
(KIPO), the contents of which are incorporated herein in its
entirety by reference.

BACKGROUND

[0002] 1.Field

[0003] The described technology generally relates to a
pixel circuit and a display device including the pixel circuit.
[0004] 2. Description of the Related Technology

[0005] Unlike liquid crystal displays, organic light-emit-
ting diode (OLED) displays generate an image without a light
source (e.g., backlight unit). Thus, an OLED display can be
made relatively thin and light. [n addition, OLED technology
has favorable characteristics such as low power consumption,
improved luminance, improved response speed, etc. com-
pared to LCDs. Hence, more electronic devices are adopting
OLED displays as the display of choice.

[0006] In general, like many electrical elements, OLEDs
have parasitic capacitance. Due to this, the ability to express
luminance gradation on the OLED display can degrade
because the OLED transitions from activation to deactivation.

SUMMARY OF CERTAIN INVENTIVE ASPECTS

[0007] One inventive aspect relates to a pixel circuit which
enhances a gradation expression ability by automatically dis-
charging electric charges of the OLED when input of the
OLED transfers from the activation level to the deactivation
level in normal mode, and reduces effect of leakage current
during measurement of the OLED’s characteristic in test
mode.

[0008] Another aspect is an OLED display including a
pixel circuit which enhances a gradation expression ability by
automatically discharging electric charges of the OLED when
input of the OLED transfers from the activation level to the
deactivation level in normal mode, and reduces effect of
leakage current during measurement of the OLED’s charac-
teristic in test mode.

[0009] Another aspect is a pixel circuit that includes an
OLED, a driver, an initialization controller, and an initializer.
The OLED has a terminal connected to a first node and the
other terminal receiving a ground voltage. The driver includes
adriving transistor and a first capacitor charged in response to
ascansignal and adata signal. A terminal of the first capacitor
is connected to a gate terminal of the driving transistor
through a second node. The other terminal of the first capaci-
tor receives a supply voltage. A drain terminal of the driving
transistor receives the supply voltage. A source terminal of
the driving transistor is connected to the first node. The ini-
tialization controller drives a third node as the supply voltage
during a first period in which a voltage of the second node
becomes the ground voltage. The initialization controller
drives the third node as a sensing signal during a second
period in which the voltage of the second node becomes the
supply voltage. The initializer drives the first node as a first
voltage when a voltage of the third node is the ground voltage.
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[0010] Inanexample embodiment, if the pixel circuit oper-
ates in a normal mode, the sensing signal is activated during
a first initialization period included in the first period. The
sensing signal can be deactivated during a first driving period
which exists after the first initialization period and is included
in the first period, the sensing signal can be activated during a
second initialization period included in the second period, the
sensing signal can be deactivated during a second driving
period which exists after the second initialization period and
is included in the second period. the data signal can be pro-
vided through a first signal line, and an initialization voltage
generator can provide the ground voltage to the initializer as
the first voltage through a second line.

[0011] Inanexample embodiment, if the pixel circuit oper-
ates in the normal mode, the first period is included in first sub
frame periods in which the OLED emits light among a plu-
rality of sub frame periods assigned to the pixel circuit. The
second period can be included in second sub frame periods in
which the OLED does not emit light among the plurality of
the sub frame periods assigned to the pixel circuit.

[0012] In an example embodiment, the first period starts
after a third period in which the ground voltage is provided as
the data signal, the ground voltage is provided as the scan
signal, and the first capacitor is charged.

[0013] Inanexample embodiment, the driving transistor is
turned on and the OLED emits light during the first period.

[0014] Inanexample embodiment, the second period starts
after a fourth period in which the supply voltage is provided
as the data signal, the ground voltage is provided as the scan
signal, and the first capacitor is discharged.

[0015] Inanexample embodiment, in the second initializa-
tion period, electric charges of a parasitic capacitor of the
OLED is discharged, the driving transistor is turned off, and
the OLED does not emit light.

[0016] Inanexample embodiment, if the pixel circuit oper-
ates in a test mode, the ground voltage is provided as the scan
signal, and the data signal having the supply voltage is pro-
vided through a first signal line. If the pixel circuit operates in
the test mode, during the second period, the sensing signal can
be activated, a tester can provide a test voltage as the first
voltage through a second signal line, and the tester can mea-
sure characteristic of the OLED based on a test current flow-
ing from the tester to the initializer

[0017] Inanexample embodiment, if the pixel circuit oper-
ates in a normal mode, the sensing signal is activated during
a first initialization period included in the first period. The
sensing signal can be deactivated during a first driving period
which exists after the first initialization period and is included
in the first period, the sensing signal can be activated during a
second initialization period included in the second period, the
sensing signal can be deactivated during a second driving
period which exists after the second initialization period and
is included in the second period, a initialization voltage gen-
erator can provide the ground voltage as the first voltage
through a first signal line during the first and second initial-
ization periods, and the data signal can be provided to the first
signal line during other period than the first and second ini-
tialization periods.

[0018] Inanexample embodiment, if the pixel circuit oper-
ates in a test mode, the ground voltage is provided as the scan
signal. Ifthe pixel circuit operates in the test mode, during the
second period, the sensing signal can be activated, a tester can
provide a test voltage as the first voltage through a first signal



US 2016/0240132 Al

line, and the tester can measure characteristic of the OLED
based onatest current flowing from the tester to the initializer.
[0019] In an example embodiment, the driver further
includes a scan transistor. A drain terminal of the scan tran-
sistor can receive the data signal, a gate terminal of the scan
transistor can receive the scan signal, and a source terminal of
the scan transistor can be connected to the second node.
[0020] In an example embodiment, the initialization con-
troller includes a control transistor and a second capacitor. A
drain terminal of the control transistor can receive the supply
voltage, a gate terminal of the control transistor can be con-
nected to the second node, and a source terminal ofthe control
transistor can be connected to the third node. A terminal of the
second capacitor can receive the sensing signal, and the other
terminal of the second capacitor can be connected to the third
node.

[0021] In an example embodiment, the initializer includes
an initialization transistor. A drain terminal of the initializa-
tion transistor can be connected to the first node, a gate
terminal of the initialization transistor can be connected to the
third node, and a source terminal of the initialization transis-
tor can receive the first voltage.

[0022] Inanexampleembodiment, the initializer includes a
first initialization transistor and a second initialization tran-
sistor. A drain terminal of the first initialization transistor can
be connected to the first node, a gate terminal of the first
initialization transistor can be connected to the third node,
and a source terminal of the first initialization transistor can
be connected to a drain terminal of the second initialization
transistor. A gate terminal of the second initialization transis-
tor can receive the sensing signal, and a source terminal of the
second initialization transistor can receive the first voltage.
[0023] Another aspect is a display device that includes a
timing controller, a display panel, a data driver, and a scan
driver. The timing controller generates a data driver control
signal and a scan driver control signal based on a pixel data.
The display panel includes a plurality of pixel circuits. The
data driver generates a plurality of data signals based on the
data driver control signal, and provides the data signals to the
plurality of the pixel circuits through a plurality of data signal
lines. The scan driver generates a plurality of scan signals
based on the scan driver control signal, and provides the scan
signals to the plurality of the pixel circuits through a plurality
of scan signal lines. The first pixel circuit among the plurality
of the pixel circuits includes an OLED, a driver, an initializa-
tion controller, and an initializer. The OLED has a terminal
connected to a first node and the other terminal receiving a
ground voltage. The driver includes a driving transistor and a
first capacitor charged in response to the first scan signal and
the first data signal. A terminal of the first capacitor is con-
nected to a gate terminal of the driving transistor through a
second node. The other terminal of the first capacitor receives
a supply voltage. A drain terminal of the driving transistor
receives the supply voltage. A source terminal of the driving
transistor is connected to the first node. The initialization
controller drives a third node as the supply voltage during a
first period in which a voltage of the second node becomes the
ground voltage, and drives the third node as a sensing signal
during a second period in which the voltage of the second
node becomes the supply voltage. The initializer drives the
first node as a first voltage when a voltage of the third node is
the ground voltage.

[0024] Another aspect is apixel circuitofan display device,
the pixel circuit comprising: an organic light-emitting diode
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(OLED) including a first terminal electrically connected to a
first node and a second terminal electrically connected to a
ground voltage; a driver including i) a driving transistor
including gate, drain and source terminals and ii) a first
capacitor configured to be charged based on a scan signal and
a data signal, wherein the first capacitor includes i) a first
terminal electrically connected to the gate terminal of the
driving transistor via a second node and ii) a second terminal
electrically connected to a supply voltage, wherein the drain
terminal of the driving transistor is electrically connected to
the supply voltage, and wherein the source terminal of the
driving transistor is electrically connected to the first node; an
initialization controller configured to i) provide the supply
voltage to a third node during a first change period in which
the initialization controller is further configured to provide
the ground voltage to the second node and ii) provide a
sensing signal to the third node during a second change period
in which the initialization controller is further configured to
provide the supply voltage to the second node; and an initial-
izer configured to provide a first voltage to the first node when
a voltage of the third node is the ground voltage.

[0025] In the above pixel circuit, the first change period
includes a first initialization period and a first driving period
following the first initialization period, wherein the second
change period includes a second initialization period and a
second driving period following the second initialization
period, wherein the initialization controller is further config-
ured to 1) receive the sensing signal having a first voltage level
during the first initialization period, ii) receive the sensing
signal having a second voltage level during the first driving
period, iii) receive the sensing signal having the first voltage
level during the second initialization period, and iv) receive
the sensing signal having the second voltage level during the
second driving period, in response to the pixel circuit operat-
ing in a normal mode, wherein the first and second voltage
levels are different, wherein the driveris configured to receive
the data signal via a first signal line, and wherein the initializer
1s configured to receive the ground voltage as the first voltage
from an initialization voltage generator via a second signal
line.

[0026] Intheabove pixel circuit, the OLED is configured to
emit light during a plurality of first sub frame periods and not
emit light during a plurality of second sub frame periods,
wherein each first sub frame period includes the first change
period and wherein each second sub frame period includes
the second change period.

[0027] In the above pixel circuit, the driver is further con-
figured to 1) receive the ground voltage as the data signal
during a third period preceding the first change period and ii)
receive the ground voltage as the scan signal during the third
period so as to charge the first capacitor.

[0028] In the above pixel circuit, during the first change
period, the driving transistor is configured to be turned on and
the OLED is configured to emit light.

[0029] In the above pixel circuit, the driver is further con-
figured to i) receive the supply voltage as the data signal
during a fourth period preceding the second change period
and ii) receive the ground voltage as the scan signal during the
fourth period so as to discharge the first capacitor.

[0030] Inthe above pixel circuit, in the second initialization
period, i) the initializer is further configured to discharge
electric charge of a parasitic capacitor of the OLED and i1) the
driving transistor is configured to be turned off, such that the
OLED does not emit light.
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[0031] Inthe above pixel circuit, the driver is configured to
1) receive the ground voltage as the scan signal and ii) receive
the supply voltage as the data signal via a first signal line, in
response to the pixel circuit in a test mode, wherein, during
the second change period, the initialization controller is fur-
ther configured to receive the sensing signal having a first
voltage level, wherein the initializer is further configured to
receive a test voltage as the first voltage via a second signal
line and wherein a characteristic of the OLED is configured to
be measured based on the test voltage.

[0032] Inthe above pixel circuit, the characteristic includes
at least one of luminance and OLED current.

[0033] In the above pixel circuit, the first change period
includes a first initialization period and a first driving period
following the first initialization period, wherein the second
change period includes a second initialization period and a
second driving period following the second initialization
period, wherein the initialization controller is further config-
ured to i) receive the sensing signal having a first voltage
during the first initialization period, ii) receive the sensing
signal having a second voltage level during the first driving
period, ii1) receive the sensing signal having the first voltage
level during the second initialization period, and iv) receive
the sensing signal having the second voltage during the sec-
onddriving period, wherein the first and second voltage levels
are different, wherein the initializer is further configured
receive the ground voltage as the first voltage via a first signal
line during the first and second initialization periods, and
wherein the driver is configured to receive the data signal via
the first signal line during a period other than the first and
second initialization periods.

[0034] Inthe above pixel circuit, the driver is configured to
receive the ground voltage as the scan signal, in response to
the pixel circuit operating in a test mode, wherein, during the
second change period, the initialization controller is further
configured to receive the sensing signal having the first volt-
age level, wherein the initializer is further configured to
receive a test voltage as the first voltage via a first signal line
and wherein a characteristic of the OLED is configured to be
measured based on the test voltage.

[0035] Intheabove pixel circuit, the driver further includes
a scan transistor including 1) a drain terminal configured to
receive the data signal from a data line, ii) a gate terminal
configured to receive the scan signal from a scan line, and iii)
a source terminal electrically connected to the second node.
[0036] In the above pixel circuit, the initialization control-
ler includes: a control transistor including a drain terminal
electrically connected to the supply voltage, a gate terminal
electrically connected to the second node, and a source ter-
minal electrically connected to the third node; and a second
capacitor including a first terminal configured to receive the
sensing signal from a sensing signal generator and a second
terminal electrically connected to the third node.

[0037] Inthe above pixel circuit, the initializer includes an
initialization transistor including a drain terminal electrically
connected to the first node, a gate terminal electrically con-
nected to the third node, and a source terminal electrically
connected to the first voltage.

[0038] In the above pixel circuit, the initializer includes: a
first initialization transistor including a drain terminal elec-
trically connected to the first node, a gate terminal electrically
connected to the third node, and a source terminal; and a
second initialization transistor including a gate terminal con-
figured to receive the sensing signal from a sensing signal
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generator, a source terminal electrically connected to the first
voltage, and a drain terminal electrically connected to the
source terminal of the first initialization transistor.

[0039] Another aspect is a display device comprising: a
timing controller configured to generate a data driver control
signal and a scan driver control signal based on pixel data; a
display panel including a plurality of pixel circuits; a data
driver configured to generate a plurality of data signals based
on the data driver control signal and provide the data signals
to the pixel circuits via a plurality of data signal lines, wherein
the data signals include a first data signal; and a scan driver
configured to generate a plurality of scan signals based on the
scan driver control signal and provide the scan signals to the
pixel circuits via a plurality of scan signal lines, wherein the
scan signals include a first scan signal. A selected pixel circuit
among the pixel circuits includes: an organic light-emitting
diode (OLED) including a first terminal electrically con-
nected to a first node and a second terminal electrically con-
nected to a ground voltage; a driver including 1) a driving
transistor including gate, drain and source terminals and i) a
first capacitor configured to be charged based on the first scan
signal and the first data signal, wherein the first capacitor
includes 1) a first terminal electrically connected to the gate
terminal of the driving transistor via a second node and ii) a
second terminal electrically connected a supply voltage,
wherein the drain terminal of the driving transistor is electri-
cally connected to the supply voltage, and wherein the source
terminal of the driving transistor is electrically connected to
the first node; an initialization controller configured to 1)
provide the supply voltage to a third node during a first change
period in which the initialization controller is further config-
ured to provide the ground voltage to the second node and ii)
provide a sensing signal to the third node during a second
change period in which the initialization controller is further
configured to provide the supply voltage to the second node;
and an initializer configured to provide a first voltage to the
first node when a voltage of the third node is the ground
voltage.

[0040] In the above display device, the first change period
includes a first initialization period and a first driving period
following the first initialization period, wherein the second
change period includes a second initialization period and a
second driving period following the second initialization
period, wherein the data driver is further configured to gen-
erate the first data signal via a first signal line, and wherein the
display device further comprises: a sensing signal generator is
configured to 1) activate the sensing signal during the first
initialization period, ii) deactivate the sensing signal during
the first driving period, iii) activate the sensing signal during
the second initialization period, and iv) deactivate the sensing
signal during the second driving period, in response to the
pixel circuit operating in a normal mode, and an initialization
voltage generator is configured to generate the ground voltage
to the initializer as the first voltage via a second signal line.

[0041] Inthe above display device, the OLED is configured
to emit light during a plurality of first sub frame periods and
not emit light during a plurality of second sub frame periods,
wherein each first sub frame period includes the first change
period and each second sub frame period includes the second
change period.

[0042] Inthe above display device, the data driver is further
configured to generate the ground voltage as the first data
signal during a third period preceding the first change period,
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wherein the scan driver is configured to generate the ground
voltage as the first scan signal during the third period so as to
charge the first capacitor.

[0043] In the above display device, the driving transistor is
configured to be turned on during the first change period and
wherein the OLED is configured to emit light during the first
change period.

[0044] According to at least one of the disclosed embodi-
ments, the pixel circuit and the display device enhance a
gradation expression ability by automatically discharging
electric charges of the OLED when input of the OLED trans-
fers from the activation level to the deactivation level in
normal mode, and measure the OLED’s characteristic accu-
rately by reducing effect of leakage current in test mode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] FIG.11is a block diagram illustrating a pixel circuit
according to an example embodiment.

[0046] FIGS. 2 and 3 are timing diagrams illustrating
operations of the pixel circuit of FIG. 1.

[0047] FIG. 4 is a block diagram illustrating a pixel circuit
according to another example embodiment.

[0048] FIG. 5 is a block diagram illustrating a pixel circuit
according to still another example embodiment.

[0049] FIG. 6 is a timing diagram illustrating operation of
the pixel circuit of FIG. 5.

[0050] FIG. 7 is a block diagram illustrating a pixel circuit
according to still another example embodiment.

[0051] FIGS. 8 and 9 are block diagrams illustrating dis-
play devices according to example embodiments.

[0052] FIG. 10 is a block diagram illustrating electronic
device including display device according to an example
embodiment.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

[0053] Various example embodiments will be described
more fully hereinafter with reference to the accompanying
drawings, in which some example embodiments are shown.
The described technology can, however, be embodied in
many different forms and should not be construed as limited
to the example embodiments set forth herein. Rather, these
example embodiments are provided so that this disclosure
will be thorough and complete, and will fully convey the
scopeofthe described technology to those skilled in theart. In
the drawings, the sizes and relative sizes of layers and regions
can be exaggerated for clarity. Like numerals refer to like
elements throughout.

[0054] It will be understood that, although the terms first,
second, third etc. can be used herein to describe various
elements, these elements should not be limited by these
terms. These terms are used to distinguish one element from
another. Thus, a first element discussed below could be
termed a second element without departing from the teach-
ings of the described technology. As used herein, the term
“and/or” includes any and all combinations of one or more of
the associated listed items.

[0055] It will be understood that when an element is
referred to as being “connected” or “coupled” to another
element, it can be directly connected or coupled to the other
element or intervening elements can be present. In contrast,
when an element is referred to as being “directly connected”
or “directly coupled” to another element, there are no inter-
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vening elements present. Other words used to describe the
relationship between elements should be interpreted in a like
fashion (e.g., “between” versus “directly between,” “adja-

cent” versus “directly adjacent,” etc.). 4

[0056] The terminology used herein is for the purpose of
describing particular example embodiments only and is not
intended to be limiting of the described technology. As used
herein, the singular forms “a,” “an” and “the” are intended to
include the plural forms as well, unless the context clearly
indicates otherwise. It will be further understood that the
terms “comprises” and/or “comprising,” when used in this
specification, specify the presence of stated features, integers,
steps, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other fea-
tures, integers, steps, operations, elements, components, and/
or groups thereof.

[0057] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this described technology belongs. It will be further
understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the
relevant art and will not be interpreted in an idealized or
overly formal sense unless expressly so defined herein. In this
disclosure, the term “substantially” includes the meanings of
completely, almost completely or to any significant degree
under some applications and in accordance with those skilled
in the art. Moreover, “formed on” can also mean “formed
over.” The term “connected” can include an electrical con-
nection.

[0058] FIG. 1is a block diagram illustrating a pixel circuit
according to an example embodiment. Depending on
embodiments, certain elements may be removed from or
additional elements may be added to the pixel circuit 100
illustrated in FIG. 1. Furthermore, two or more elements may
be combined into a single element, or a single element may be
realized as multiple elements. This applies to the remaining
apparatus embodiments.

[0059] Referring to FIG. 1, a pixel circuit 100 includes an
OLED 1A, a driver 110, an initialization controller 120, and
an initializer 130.

[0060] The OLED 1A has a terminal connected to a first
node N1A and the other terminal receiving a ground voltage
VSS. The driver 110 includes a scan transistor T1A, a driving
transistor T2A and a first capacitor C1A. A drain terminal of
the scan transistor T1A receives the data signal DS1, a gate
terminal of the scan transistor T1A receives the scan signal
SCANT1, and a source terminal of the scan transistor T1A is
connected to the second node N2A. A terminal of the first
capacitor C1A is connected to a gate terminal of the driving
transistor T2A through a second node N2A. The other termi-
nal of the first capacitor C1A receives a supply voltage VDD.
A drain terminal of the driving transistor T2A receives the
supply voltage VDD. A source terminal of the driving tran-
sistor T2A is connected to the first node N1A. The initializa-
tion controller 120 drives a third node N3A as the supply
voltage VDD during a first period in which a voltage of the
second node N2A becomes the ground voltage VSS. The
initialization controller 120 drives the third node N3A as a
sensing signal SENSE1 during a second period in which the
voltage of the second node N2A becomes the supply voltage
VDD. The initializer 130 drives the first node N1A as a first
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voltage V1 when a voltage of the third node N3 A is the ground
voltage VSS. The sensing signal SENSEL1 is provided by a
sensing signal generator.

[0061] The initialization controller 120 can include a con-
trol transistor T3A and a second capacitor C2A. A drain
terminal of the control transistor T3A can receive the supply
voltage VDD, a gate terminal of the control transistor T3A
can be connected to the second node N2A, and a source
terminal of the control transistor T3A can be connected to the
third node N3A. A terminal of the second capacitor C2A can
receive the sensing signal SENSE1, and the other terminal of
the second capacitor C2A can be connected to the third node
N3A.

[0062] The initializer 130 can include an initialization tran-
sistor T4A. A drain terminal of the initialization transistor
T4A can be connected to the first node N1A, a gate terminal
of the initialization transistor T4A can be connected to the
third node N3A, and a source terminal of the initialization
transistor T4A can receive the first voltage V1.

[0063] When the test mode signal TMS is deactivated, the
pixel circuit 100 operates in the normal mode, the data signal
DS1 can be provided through a first signal line DL1, and an
initialization voltage generator RVGA can provide the
ground voltage VSS to the initializer 130 as the first voltage
V1 through a second line SL1.

[0064] When the test mode signal TMS is activated, the
pixel circuit 100 operates in the test mode, the data signal DS1
having the supply voltage VSS can be provided through the
first signal line DL1, a tester TESTER A can provide a test
voltage as the first voltage V1 through a second signal line
SL1, and the tester TESTER A can measure characteristics of
the OLED 1A based on a test current TC flowing from the
tester TERSTER A to the initializer 130. A characteristic of
the OLED 1A can include luminance, OLED current, etc.
[0065] FIGS. 2 and 3 are timing diagrams illustrating
operations of the pixel circuit of FIG. 1.

[0066] FIG. 2 shows a case where the pixel circuit 100
operates in the normal mode. Referring to FIGS. 1 and 2, the
first and second periods WHITE are included in first sub
frame periods in which the OLED 1A emits light among a
plurality of sub frame periods assigned to the pixel circuit
100. The third and fourth periods BLACK can be included in
second sub frame periods in which the OLED 1A does not
emit light among the sub frame periods assigned to the pixel
circuit 100.

[0067] During a first period 211~212, the ground voltage
VSSis provided as the scan signal SCAN1, the scan transistor
T1A is turned on, the ground voltage VSS is provided as the
data signal DBS1, and the first capacitor C1A is charged until
the voltage V2A of the second node N2 A becomies the supply
voltage VSS.

[0068] A second period (or first change period) 212~214
includes a first initialization period 212~213 and a first driv-
ing period 213~214. The scan signal SCANT has the supply
voltage VDD in the second period 212~214. The sensing
signal SENSEL1 is activated in the first initialization period
212~213 and the sensing signal SENSE1 is deactivated in the
first driving period 213~214. The data signal DBS1 has the
ground voltage VSS in the second period 212~214.

[0069] Inthe firstinitialization period 212~213 and the first
driving period 213~214, because the voltage V2A of the
second node N2A has the ground voltage VSS, the driving
transistor T2A and the control transistor T3A are turned on,
the third node N3A is driven as the supply voltage VDD, the
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initialization transistor T4A is turned off, and the OLED 1A
emits light. Because the OLED 1A includes parasitic capaci-
tance, the voltage V1A of'the first node N1A increases slowly
during the second period 212~214 with a large RC constant.
[0070] During a third period 214~215, the ground voltage
VSSis provided as the scan signal SCANI, the supply voltage
VDD s provided as the data signal DBS1, and the first capaci-
tor C1A is discharged until the voltage V2A of the second
node N2A becomes the supply voltage VDD.

[0071] A fourth period (or second change period) 215~217
includes a second initialization period 215~216 and a second
driving period 216~217. The scan signal SCAN1 has the
supply voltage VDD in the fourth period 215~217. The sens-
ing signal SENSEL1 is activated in the second initialization
period 215~216 and the sensing signal SENSE1 is deacti-
vated in the second driving period 216~217. The data signal
DBS1 has the supply voltage VDD in the fourth period
215-217.

[0072] Because the voltage V2A of the second node N2A
has the supply voltage VDD in the second initialization period
215~216, the driving transistor T2 A and the control transistor
T3 A are turned off. Also, the third node N3 A is driven as the
ground voltage VSS, which is a voltage level of the sensing
signal SENSE1, the initialization transistor T4A is turned on,
and the voltage V1A of the first node N1A becomes the
ground voltage VSS. Electric charges of the OLED 1A can be
discharged through the initialization transistor T4A during
the second initialization period 215~216. For example, an
after-image is removed and the gradation expression ability
of the pixel circuit 100 is enhanced.

[0073] Because the voltage V2A of the second node N2A
has the supply voltage VDD in the second driving period
216~217, the driving transistor T2 A and the control transistor
T3 A are turned off, the third node N3 A is driven as the supply
voltage VDD, which is a voltage level of the sensing signal
SENSE]1, the initialization transistor T4A is turned off, and
the OLED 1A does not emit light.

[0074] FIG. 3 shows a case where the pixel circuit 100
operates in a test mode.

[0075] The scan signal SCAN1 has the ground voltage
VSS. The tester TESTER A provides a test voltage VIEST as
the first voltage V1 through the second signal line SL.2. The
scan transistor T1A is turned on.

[0076] The third node N3A is floated in the first period
311-312.
[0077] Because the sensing signal SENSE1 is activated, the

initialization transistor T4A is turned on, and the data signal
DBS1 has the supply voltage VDD in the second period
313~314, the driving transistor T2 A and the control transistor
T3A are turned off. The third node N3A is driven as the
ground voltage VSS, which is a voltage level of the sensing
signal SENSE1. The tester TESTER A can measure the char-
acteristic of the OLED 1A based on the test current TC
flowing from the tester TESTER A to the initializer 130.
[0078] In this case, because gate voltages of the scan tran-
sistor T1A and the driving transistor T2A are fixed to the
ground voltage VSS, a leakage current does not occur. There-
fore, the tester TESTER A can measure the characteristic of
the OLED 1A more accurately.

[0079] FIG. 4 is a block diagram illustrating a pixel circuit
according to another example embodiment.

[0080] Referring to FIG. 4, a pixel circuit 400 includes an
OLED 1B, a driver 410, an initialization controller 420, and
an initializer 430.
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[0081] The OLED 1B has a terminal connected to a first
node N1B and the other terminal receiving a ground voltage
VSS. The driver 410 includes a scan transistor T1B, a driving
transistor T2B and a first capacitor C1B. A drain terminal of
the scan transistor T1B receives the data signal DS1, a gate
terminal of the scan transistor T1B receives the scan signal
SCANT1, and a source terminal of the scan transistor T1B is
connected to the second node N2B. A terminal of the first
capacitor C1B is connected to a gate terminal of the driving
transistor T2B through a second node N2B. The other termi-
nal of'the first capacitor C1B receives a supply voltage VDD.
A drain terminal of the driving transistor T2B receives the
supply voltage VDD. A source terminal of the driving tran-
sistor T2B is connected to the first node N1B. The initializa-
tion controller 420 drives a third node N3B as the supply
voltage VDD during a first period in which a voltage of the
second node N2B becomes the ground voltage VSS. The
initialization controller 420 drives the third node N3B as a
sensing signal SENSE1 during a second period in which the
voltage of the second node N2B becomes the supply voltage
VDD. The initializer 430 drives the first node N1B as a first
voltage V1 when avoltage of the third node N3B is the ground
voltage VSS.

[0082] The initialization controller 420 can include a con-
trol transistor T3B and a second capacitor C2B. A drain
terminal of the control transistor T3B can receive the supply
voltage VDD, a gate terminal of the control transistor T3B can
be connected to the second node N2B, and a source terminal
of the control transistor T3B can be connected to the third
node N3B. A terminal of the second capacitor C2B can
receive the sensing signal SENSE1, and the other terminal of
the second capacitor C2B can be connected to the third node
N3B.

[0083] The initializer 430 can include a first initialization
transistor T4B and a second initialization transistor TSB. A
drain terminal of the first initialization transistor T4B can be
connected to the first node N1B, a gate terminal of the first
initialization transistor T4B can be connected to the third
node N3B, and a source terminal of the first initialization
transistor T4B can be connected to a drain terminal of the
second initialization transistor T5B. A gate terminal of the
second initialization transistor T5B can receive the sensing
signal SENSE1, and a source terminal of the second initial-
ization transistor TSB can receive the first voltage V1.
[0084] When the test mode signal TMS is deactivated, the
pixel circuit 400 operates in the normal mode, the data signal
DS1 can be provided through a first signal line DL1, and an
initialization voltage generator RVGB can provide the ground
voltage VSS to the initializer 430 as the first voltage V1
through a second line SL1.

[0085] When the test mode signal TMS is activated, the
pixel circuit 400 operates in the test mode, the data signal DS1
having the supply voltage VSS can be provided through the
first signal line DL1, a tester TESTER B can provide a test
voltage as the first voltage V1 through a second signal line
SL1, and the tester TESTER B can measure characteristic of
the OLED 1B based on a test current TC flowing from the
tester TERSTER B to the initializer 430.

[0086] When the first initialization transistor T4B operates
incorrectly because the voltage of the third node N3B is not
stable, the second initialization transistor TSB can prevent
unintended initialization of the OLED 1B by separating the
first node N1B and the fourth node N4B electrically in
response to the activated sensing signal SENSEL.
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[0087] Remaining structure and operation of the pixel cir-
cuit 400 can be understood based on the references to FIGS.
1 through 3.

[0088] FIG. 5 is a block diagram illustrating a pixel circuit
according to still another example embodiment.

[0089] Referring to FIG. 5, a pixel circuit 500 includes an
OLED 1C, a driver 510, an initialization controller 520, and
an initializer 530.

[0090] The OLED 1C has a terminal connected to a first
node N1C and the other terminal receiving a ground voltage
VSS. The driver 510 includes a scan transistor TIC, a driving
transistor T2C and a first capacitor C1C. A drain terminal of
the scan transistor T1C receives the data signal DS1, a gate
terminal of the scan transistor T1C receives the scan signal
SCAN1, and a source terminal of the scan transistor T1C is
connected to the second node N2C. A terminal of the first
capacitor C1C is connected to a gate terminal of the driving
transistor T2C through a second node N2C. The other termi-
nal of the first capacitor C1C receives a supply voltage VDD.
A drain terminal of the driving transistor T2C receives the
supply voltage VDD. A source terminal of the driving tran-
sistor T2C is connected to the first node N1C. The initializa-
tion controller 520 drives a third node N3C as the supply
voltage VDD during a first period in which a voltage of the
second node N2C becomes the ground voltage VSS. The
initialization controller 520 drives the third node N3C as a
sensing signal SENSEI1 during a second period in which the
voltage of the second node N2C becomes the supply voltage
VDD. The initializer 530 drives the first node N1C as a first
voltage V1 when a voltage of the third node N3C is the ground
voltage VSS.

[0091] The initialization controller 520 can include a con-
trol transistor T3C and a second capacitor C2C. A drain
terminal of the control transistor T3C can receive the supply
voltage VDD, a gate terminal of the control transistor T3C can
be connected to the second node N2C, and a source terminal
of the control transistor T3C can be connected to the third
node N3C. A terminal of the second capacitor C2C can
receive the sensing signal SENSE1, and the other terminal of
the second capacitor C2C can be connected to the third node
N3C.

[0092] The initializer 530 can include an initialization tran-
sistor T4C. A drain terminal of the initialization transistor
T4C canbe connected to the first node N1C, a gate terminal of
the initialization transistor T4C can be connected to the third
node N3C, and a source terminal of the initialization transis-
tor T4C can receive the first voltage V1.

[0093] FIG. 6 is a timing diagram illustrating operation of
the pixel circuit of FIG. 5. FIG. 6 shows a case where the pixel
circuit 500 of FIG. 5 operates in the normal mode.

[0094] The initialization voltage generator RVGC can pro-
vide the ground voltage VSS as the first voltage V1 through a
first signal line DL1 during a first initialization period
611~612 and a second initialization period 614~615. The
data signal DBS1 can be provided to the first signal line DL1
during other period than the first and second initialization
periods 611~612, 614~615.

[0095] During the first period 611~612, the ground voltage
VSS is provided as the scan signal SCAN1, the scan transistor
T1C is turned on, the ground voltage VSS is provided as the
data signal DBS1, and the first capacitor C1C is charged until
the voltage V2C of the second node N2C becomes the supply
voltage VSS.
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[0096] A second period 612~614 includes a first initializa-
tion period 612~613 and a first driving period 613~614. The
scan signal SCANT has the supply voltage VDD in the second
period 612~614. The sensing signal SENSEL1 is activated in
the first initialization period 612~613 and the sensing signal
SENSEL is deactivated in the first driving period 613~614.
The data signal DBS1 and the first voltage V1 has the ground
voltage VSS in the second period 612~614.

[0097] Inthe firstinitialization period 612~613 and the first
driving period 613~614, because the voltage V2C of the
second node N2C has the ground voltage VSS, the driving
transistor T2C and the control transistor T3C are turned on,
the third node N3C is driven as the supply voltage VDD, the
initialization transistor T4C is turned off, and the OLED 1C
emits light. Because the OLED 1C includes parasitic capaci-
tance, the voltage V1C of the first node N1C increases slowly
in the second period 612~614 with a large RC constant.
[0098] During a third period 614~615, the ground voltage
VSSis provided as the scan signal SCAN1, the supply voltage
VDD is provided as the data signal DBS1, and the first capaci-
tor C1C is discharged until the voltage V2C of the second
node N2C becomes the supply voltage VDD.

[0099] A fourth period 615~617 includes a second initial-
ization period 615~616 and a second driving period 616~617.
The scan signal SCAN1 has the supply voltage VDD in the
fourth period 615~617. The sensing signal SENSFE1 is acti-
vated in the second initialization period 615~616 and the
sensing signal SENSFEL1 is deactivated in the second driving
period 616~617. The data signal DBS1 has the supply voltage
VDD in the fourth period 615~617.

[0100] Because the voltage V2C of the second node N2C
has the supply voltage VDD in the second initialization period
615~616, the driving transistor T2C and the control transistor
T3C are turned off, the third node N3C is driven as the ground
voltage VSS, which is a voltage level of the sensing signal
SENSE]1, the initialization transistor T4C is turned on, and
the voltage V1C of the first node N1C becomes the ground
voltage VSS, which is provided as the first voltage V1 to the
first signal line DL1 by the initialization voltage generator
RVGC. Electric charges of the OLED 1C can be discharged
through the initialization transistor T4C during the second
initialization period 615~616. For example, an after-image is
removed and the gradation expression ability of the pixel
circuit 500 is enhanced.

[0101] Because the voltage V2C of the second node N2C
has the supply voltage VDD in the second driving period
616~617, the driving transistor T2C and the control transistor
T3C are turned off, the third node N3C is driven as the supply
voltage VDD, which is a voltage level of the sensing signal
SENSE1, the initialization transistor T4C is turned off, and
the OLED 1C does not emit light.

[0102] The case where the pixel circuit 500 of FIG. 5 oper-
ates in the test mode can be understood based on the reference
to FIG. 3.

[0103] FIG. 7 is a block diagram illustrating a pixel circuit
according to still another example embodiment.

[0104] The pixel circuit 700 of FIG. 7 can be understood
based on the description about the pixel circuit 400 of FIG. 4
and the pixel circuit 500 of FIG. 5. The pixel circuit 700
includes a driver 710, an initialization controller 720, an
initializer 730, and OLED 1D. The driver 710, initialization
controller 720, initializer 730 and OLED 1D are respectively
similar to the driver 110, the initialization controller 120, and
the initialization 130, and OLED 1A of FIG. 1 above. Fur-
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thermore, initialization voltage generator RVGD and tester
TESTER D are similar to the initialization voltage generator
RVG A and the tester TESTER A.

[0105] FIGS. 8 and 9 are block diagrams illustrating dis-
play devices according to example embodiments.

[0106] Referring to FIG. 8, a display device 800 includes a
timing controller 840, a display panel 820, a data driver 810,
and a scan driver 830.

[0107] The timing controller 840 generates a data driver
control signal DCS and a scan driver control signal SCS based
on a pixel data RGB. The display panel 820 includes a plu-
rality of pixel circuits 821. The data driver 810 generates a
plurality of datasignals based on the data driver control signal
DCS, and provides the data signals to the pixel circuits 821
through a plurality of data signal lines DL1, DL2 through
DLN. The scan driver 830 generates a plurality of scan signals
based on the scan driver control signal SCS, and provides the
scan signals to the pixel circuits 821 through a plurality of
scan signal lines SL1, SL.2 through SLM.

[0108] Each of the pixel circuits 821 can be embodied with
the pixel circuit 100 of FIG. 1 or the pixel circuit 400 of FIG.
4.

[0109] Referring to FIG. 9, each of a plurality of pixel
circuits 921 included in the display device 900 is similar to the
pixel circuit 500 of FIG. 5 or the pixel circuit 700 of FIG. 7.
The display device 900 can have the same or similar structure
with the display device 800 of FIG. 8.

[0110] FIG. 10 is a block diagram illustrating electronic
device including display device according to an example
embodiment.

[0111] Referring to FIG. 10, an electronic device 1000
includes a processor 1010, a memory device 1020, a storage
device 1030, an input/output (I/0) device 1040, a power
supply 1050, and a display device 1060. Here, the electronic
device 1000 can further include a plurality of ports for com-
municating with a video card, a sound card, a memory card, a
universal serial bus (USB) device, other electronic devices,
etc. Although the electronic device 1000 is implemented as a
smartphone, akind of the electronic device 1000 s not limited
thereto.

[0112] Theprocessor 1010 can perform various computing
functions. The processor 1010 can be a microprocessor, a
central processing unit (CPU), etc. The processor 1010 can be
coupled to other components via an address bus, a control
bus, a data bus, etc. Further, the processor 1010 can be
coupled to an extended bus such as a peripheral component
interconnection (PCI) bus.

[0113] The memory device 1020 can store data for opera-
tions of the electronic device 1000. For example, the memory
device 1020 includes at least one non-volatile memory device
such as an erasable programmable read-only memory
(EPROM) device, an electrically erasable programmable
read-only memory (EEPROM) device, a flash memory
device, a phase change random access memory (PRAM)
device, a resistance random access memory (RRAM) device,
a nano floating gate memory (NFGM) device, a polymer
random access memory (PoORAM) device, a magnetic random
access memory (MRAM) device, a ferroelectric random
access memory (FRAM) device, etc., and/or at least one
volatile memory device such as a dynamic random access
memory (DRAM) device, a static random access memory
(SRAM) device, a mobile DRAM device, etc.

[0114] The storage device 1030 can be a solid state drive
(SSD) device, a hard disk drive (HDD) device, a CD-ROM
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device, etc. The I/O device 1040 can be an input device such
as akeyboard, akeypad, a touchpad, atouch-screen, a mouse,
etc., and an output device such as a printer, a speaker, etc. The
power supply 1050 can provide a power for operations of the
electronic device 1000. The display device 1060 can commu-
nicate with other components via the buses or other commu-
nication links.

[0115] The display device 1060 can be the display device
800 of FIG. 8 or the display device 900 of FIG. 9. The display
device 1060 can be understood based on the references to
FIGS. 1 through 9.

[0116] The example embodiments can be applied to any
electronic system 1000 having the display device 1060. For
example, the present embodiments are applied to the elec-
tronic system 1000, such as digital or 3D televisions, com-
puter monitors, home appliances, laptop computers, digital
cameras, cellular phones, smartphones, personal digital assis-
tants (PDAs), portable multimedia players (PMPs), MP3
players, portable game consoles, navigation systems, video
phones, etc.

[0117] The foregoing is illustrative of example embodi-
ments and is not to be construed as limiting thereof. Although
a few example embodiments have been described, those
skilled in the art will readily appreciate that many modifica-
tions are possible in the example embodiments without mate-
rially departing from the novel teachings and advantages of
the inventive technology. Accordingly, all such modifications
are intended to be included within the scope of the present
inventive concept as defined in the claims. Therefore, it is to
be understood that the foregoing is illustrative of various
example embodiments and is not to be construed as limited to
the specific example embodiments disclosed, and that modi-
fications to the disclosed example embodiments, as well as
other example embodiments, are intended to be included
within the scope of the appended claims.

What is claimed is:

1. A pixel circuit of an display device, the pixel circuit

comprising:

an organic light-emitting diode (OLED) including a first
terminal electrically connected to a first node and a
second terminal electrically connected to a ground volt-
age;

a driver including 1) a driving transistor including gate,
drain and source terminals and ii) a first capacitor con-
figured to be charged based on a scan signal and a data
signal, wherein the first capacitor includes i) a first ter-
minal electrically connected to the gate terminal of the
driving transistor via a second node and ii) a second
terminal electrically connected to a supply voltage,
wherein the drain terminal of the driving transistor is
electrically connected to the supply voltage, and
wherein the source terminal of the driving transistor is
electrically connected to the first node;

an initialization controller configured to 1) provide the sup-
ply voltage to a third node during a first change period in
which the initialization controller is further configured
to provide the ground voltage to the second node and ii)
provide a sensing signal to the third node during a sec-
ond change period in which the initialization controller
is further configured to provide the supply voltage to the
second node; and

an initializer configured to provide a first voltage to the first
node when a voltage of the third node is the ground
voltage.
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2. The pixel circuit of claim 1, wherein the first change
period includes a first initialization period and a first driving
period following the first initialization period, wherein the
second change period includes a second initialization period
and a second driving period following the second initializa-
tion period,
wherein the initialization controller is further configured to
1) receive the sensing signal having a first voltage level
during the first initialization period, ii) receive the sens-
ing signal having a second voltage level during the first
driving period, iii) receive the sensing signal having the
first voltage level during the second initialization period,
and iv) receive the sensing signal having the second
voltage level during the second driving period, in
response to the pixel circuit operating in a normal mode,
wherein the first and second voltage levels are different,

wherein the driver is configured to receive the data signal
via a first signal line, and

wherein the initializer is configured to receive the ground

voltage as the first voltage from an initialization voltage
generator via a second signal line.

3. The pixel circuit of claim 2, wherein the OLED is con-
figured to emit light during a plurality of first sub frame
periods and not emit light during a plurality of second sub
frame periods, and

wherein each first sub frame period includes the first

change period and wherein each second sub frame
period includes the second change period.

4. The pixel circuit of claim 2, wherein the driver is further
configured to 1) receive the ground voltage as the data signal
during a third period preceding the first change period and ii)
receive the ground voltage as the scan signal during the third
period so as to charge the first capacitor.

5. The pixel circuit of claim 2, wherein, during the first
change period, the driving transistor is configured to be
turned on and the OLED is configured to emit light.

6. The pixel circuit of claim 2, wherein the driver is further
configured to 1) receive the supply voltage as the data signal
during a fourth period preceding the second change period
and ii) receive the ground voltage as the scan signal during the
fourth period so as to discharge the first capacitor.

7. The pixel circuit of claim 2, wherein, in the second
initialization period, i) the initializer is further configured to
discharge electric charge of a parasitic capacitor of the OLED
and ii) the driving transistor is configured to be turned off,
such that the OLED does not emit light.

8. The pixel circuit of claim 1, wherein the driver is con-
figured to 1) receive the ground voltage as the scan signal and
i1) receive the supply voltage as the data signal via a first
signal line, in response to the pixel circuit in a test mode,

wherein, during the second change period, the initializa-

tion controller is further configured to receive the sens-
ing signal having a first voltage level,

wherein the initializer is further configured to receive a test

voltage as the first voltage via a second signal line and
wherein a characteristic of the OLED is configured to be
measured based on the test voltage.

9. The pixel circuit of claim 8, wherein the characteristic
includes at least one of luminance and OLED current.

10. The pixel circuit of claim 1, wherein the first change
period includes a first initialization period and a first driving
period following the first initialization period, wherein the
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second change period includes a second initialization period
and a second driving period following the second initializa-
tion period,
wherein the initialization controller is further configured to
1) receive the sensing signal having a first voltage during
the first initialization period, ii) receive the sensing sig-
nal having a second voltage level during the first driving
period, iii) receive the sensing signal having the first
voltage level during the second initialization petiod, and
iv) receive the sensing signal having the second voltage
during the second driving period, wherein the first and
second voltage levels are different,

wherein the initializer is further configured receive the
ground voltage as the first voltage via a first signal line
during the first and second initialization periods, and

wherein the driver is configured to receive the data signal
via the first signal line during a period other than the first
and second initialization periods.

11. The pixel circuit of claim 1, wherein the driver is
configured to receive the ground voltage as the scan signal, in
response to the pixel circuit operating in a test mode, and

wherein, during the second change period, the initializa-
tion controller is further configured to receive the sens-
ing signal having the first voltage level,

wherein the initializer is further configured to receive a test
voltage as the first voltage via a first signal line and

wherein a characteristic of the OLED is configured to be
measured based on the test voltage.

12. The pixel circuit of claim 1, wherein the driver further
includes a scan transistor including i) a drain terminal con-
figured to receive the data signal from a data line, ii) a gate
terminal configured to receive the scan signal from a scan
line, and iii) a source terminal electrically connected to the
second node.

13. The pixel circuit of claim 1, wherein the initialization
controller includes:

a control transistor including a drain terminal electrically
connected to the supply voltage, a gate terminal electri-
cally connected to the second node, and a source termi-
nal electrically connected to the third node; and

a second capacitor including a first terminal configured to
receive the sensing signal from a sensing signal genera-
tor and a second terminal electrically connected to the
third node.

14. The pixel circuit of claim 1, wherein the initializer
includes an initialization transistor including a drain terminal
electrically connected to the first node, a gate terminal elec-
trically connected to the third node, and a source terminal
electrically connected to the first voltage.

15. The pixel circuit of claim 1, wherein the initializer
includes:

a first initialization transistor including a drain terminal
electrically connected to the first node, a gate terminal
electrically connected to the third node, and a source
terminal; and

a second initialization transistor including a gate terminal
configured to receive the sensing signal from a sensing
signal generator, a source terminal electrically con-
nected to the first voltage, and a drain terminal electri-
cally connected to the source terminal of the first initial-
ization transistor.
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16. A display device comprising:

a timing controller configured to generate a data driver
control signal and a scan driver control signal based on
pixel data;

a display panel including a plurality of pixel circuits;

a data driver configured to generate a plurality of data
signals based on the data driver control signal and pro-
vide the data signals to the pixel circuits viaa plurality of
data signal lines, wherein the data signals include a first
data signal; and

a scan driver configured to generate a plurality of scan
signals based on the scan driver control signal and pro-
vide the scan signals to the pixel circuits via a plurality of
scan signal lines, wherein the scan signals include a first
scan signal,

wherein a selected pixel circuit among the pixel circuits
includes:
an organic light-emitting diode (OLED) including a first

terminal electrically connected to a first node and a
second terminal electrically connected to a ground
voltage;

a driver including i) a driving transistor including gate,
drain and source terminals and ii) a first capacitor
configured to be charged based on the first scan signal
and the first data signal, wherein the first capacitor
includes i) a first terminal electrically connected to the
gate terminal of the driving transistor via a second
node and ii) a second terminal electrically connected
a supply voltage, wherein the drain terminal of the
driving transistor is electrically connected to the sup-
ply voltage, and wherein the source terminal of the
driving transistor is electrically connected to the first
node;

an initialization controller configured to i) provide the
supply voltage to a third node during a first change
period in which the initialization controller is further
configured to provide the ground voltage to the sec-
ond node and ii) provide a sensing signal to the third
node during a second change period in which the
initialization controller is further configured to pro-
vide the supply voltage to the second node; and

an initializer configured to provide a first voltage to the
first node when a voltage of the third node is the
ground voltage.

17. The display device of claim 16, wherein the first change
period includes a first initialization period and a first driving
period following the first initialization period, wherein the
second change period includes a second initialization period
and a second driving period following the second initializa-
tion period,

wherein the data driver is further configured to generate the
first data signal via a first signal line, and

wherein the display device further comprises:

a sensing signal generator is configured to 1) activate the
sensing signal during the first initialization period, ii)
deactivate the sensing signal during the first driving
period, iii) activate the sensing signal during the sec-
ond initialization period, and iv) deactivate the sens-
ing signal during the second driving period, in
response to the pixel circuit operating in a normal
mode, and

an initialization voltage generator is configured to gen-
erate the ground voltage to the initializer as the first
voltage via a second signal line.
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18. The display device of claim 17, wherein the OLED is
configured to emit light during a plurality of first sub frame
periods and not emit light during a plurality of second sub
frame periods, and

wherein each first sub frame period includes the first

change period and each second sub frame period
includes the second change period.

19. The display device of claim 17, wherein the data driver
is further configured to generate the ground voltage as the first
data signal during a third period preceding the first change
period, and wherein the scan driver is configured to generate
the ground voltage as the first scan signal during the third
period so as to charge the first capacitor.

20. The display device of claim 17, wherein the driving
transistor is configured to be turned on during the first change
period and wherein the OLED is configured to emit light
during the first change period.

I I T T
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