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(57) ABSTRACT

A pixel circuit includes three transistors, a capacitor, and an
OLED. The first transistor includes a gate terminal for
receiving a first control signal, a first terminal connected to
a first node, and a second terminal connected to a second
node. The second transistor includes a gate terminal for
receiving a second control signal, a first terminal connected
to the second node, and a second terminal connected to a
third node. The third transistor includes a gate terminal
connected to the first node, a first terminal for receiving a
first power signal, and a second terminal connected to the
third node. The capacitor may receive an initialization signal
and is connected to the first node. The OLED is connected
to the third node and may receive a second power signal. The
control signals have same voltage levels in a data writing
period and have different voltage levels in other periods.

ELVDD DATA
YN

™ N2

1RE;

2

8

N3

IPI
OLEDS/ PR

v
ELVSS



Patent Application Publication  Jul. 4,2019 Sheet 1 of 7

US 2019/0206316 A1
FIG. 1
1}00
ELVDD DATA
YA
STy |
VINT | d[ 13
T N T2 N3
L L]
GW GC
OLEDNZ o
v

ELVSS



US 2019/0206316 A1

Jul. 4,2019 Sheet 2 of 7

Patent Application Publication

e IV L
IRV R
Y NIRRT
. -
o oo

914



Patent Application Publication  Jul. 4,2019 Sheet 3 of 7 US 2019/0206316 Al

FIG. 3
(PRIOR ART)
FT FT RT RT FT  RT
VGH
GC i it H
V6L
VGH
GW 1t :! ; it ;i ::
V6L
FIG. 4
FT, FT RT RT FT_ AT
VGH :
aC
V6L ‘ ] -t
VGH |
e’ 7 \
GW VL' \ /
V6L
BN o




Patent Application Publication  Jul. 4,2019 Sheet 4 of 7 US 2019/0206316 Al

FIG. 5
FT FT' RT .. RT' FT . RT
VGH —
GC it /
VGL j
VGH l i :! i :i ,l
o SUSE A 1
o
FIG. 6
FT.. . FT'RT RT'FT . RT
VGH - —
GC ¥
VGL
VGH N & !
VGH' A
Gl v -
VGL - |




Patent Application Publication

IMG-DAT

Jul. 4,2019 Sheet 5 of 7

FIG. 7

310

US 2019/0206316 A1

300

320
DATA
G
DISPLAY | GG
PANFL 7
DRIVING | VINT
CIRCUIT [ 7
ELVDD

ELVSS

DISPLAY
PANEL




Patent Application Publication  Jul. 4,2019 Sheet 6 of 7 US 2019/0206316 Al

FIG. 8
500
510 520 530
NEHORY STORAGE
PROCESSOR DEVICE DEVICE
< >
110 PONER 0LED
DEVICE SUPPLY DEVICE
540 550 560

FIG. 9




Patent Application Publication  Jul. 4,2019 Sheet 7 of 7 US 2019/0206316 Al

FIG. 10

500




US 2019/0206316 A1l

PIXEL CIRCUIT AND ORGANIC LIGHT
EMITTING DISPLAY DEVICE INCLUDING
THE PIXEL CIRCUIT

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims priority under 35 USC §
119 to Korean Patent Application No. 10-2018-0001353,
filed on Jan. 4, 2018 in the Korean Intellectual Property
Office (KIPO); the contents of the Korean Patent Applica-
tion are incorporated herein in entirety by reference.

BACKGROUND

1. Technical Field

[0002] The technical field is related generally to a display
device. More particularly, the technical field is related to a
pixel circuit and an organic light emitting display device
including the pixel circuit.

2. Description of the Related Art

[0003] A display device, such as an organic light emitting
display device, may be included in an electronic device. An
organic light emitting display device may implement (or,
represent) a gray-scale using a data voltage stored in a
storage capacitor included in each pixel circuit. Generally, in
an organic light emitting display device, luminance devia-
tions may occur among pixel circuits due to characteristic
deviations of elements (e.g., transistors, capacitors) included
in each pixel circuit. Alternatively or additionally, in an
organic light emitting display device, an undesirable kick-
back phenomenon may occur in pixel circuits when an
operating period of the pixel circuits is changed from a
threshold voltage compensating period (during which a
threshold voltage compensating operation is performed) to a
data writing period (during which an data writing operation
is performed). As a result, undesirable luminance non-
uniformity may occur in an organic light emitting display
device.

SUMMARY

[0004] Some embodiments are related to a pixel circuit
that can prevent a kickback phenomenon from occurring
when an operating period is changed from a threshold
voltage compensating period to a data writing period. The
pixel circuit may sequentially perform an on-bias operation,
an initializing operation, a threshold voltage compensating
operation, a data writing operation, and a light emitting
operation.

[0005] Some embodiments may be related an organic light
emitting display device that can display a high-quality image
and may include the above-mentioned pixel circuit.

[0006] According to example embodiments, a pixel circuit
may sequentially performs an on-bias operation, an initial-
izing operation, a threshold voltage compensating operation,
a data writing operation, and a light emitting operation. The
pixel circuit may include the following elements: a first
transistor including a gate terminal to which a first control
signal may be applied, a first terminal connected to a first
node, and a second terminal connected to a second node that
is connected to a data-line through which a data signal may
be transmitted; a second transistor including a gate terminal
to which a second control signal may be applied, a first
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terminal connected to the second node, and a second termi-
nal connected to a third node; a third transistor including a
gate terminal connected to the first node, a first terminal to
which a first power signal may be applied, and a second
terminal connected to the third node; a storage capacitor
including a first terminal to which an initialization signal
may be applied and a second terminal connected to the first
node; and an organic light emitting diode (OLED) including
an anode connected to the third node and a cathode to which
a second power signal may be applied. The first control
signal may have a first high voltage level and a first low
voltage level in a data writing period in which the data
writing operation is performed. The first control signal may
have a second high voltage level (lower than the first high
voltage level) and a second low voltage level (higher than
the first low voltage level) in one or more operating periods
other than the data writing period. The second control signal
may have the first high voltage level and the first low voltage
level.

[0007] In example embodiments, the first control signal
may be a global clock signal for a simultaneous emission
driving.

[0008] In example embodiments, in the operating periods
other than the data writing period, a rising edge time of the
first control signal may be the same as a rising edge time of
the second control signal, and a falling edge time of the first
control signal may be the same as a falling edge time of the
second control signal.

[0009] In example embodiments, in the operating periods
other than the data writing period, a rising edge time of the
first control signal may be longer than a rising edge time of
the second control signal, and a falling edge time of the first
control signal may be longer than a falling edge time of the
second control signal.

[0010] In example embodiments, the first through third
transistors may be p-type metal oxide semiconductor
(PMOS) transistors.

[0011] In example embodiments, in an initializing period
in which the initializing operation is performed, the first
control signal may be changed from the second high voltage
level to the second low voltage level after the second control
signal is changed from the first high voltage level to the first
low voltage level.

[0012] In example embodiments, in a threshold voltage
compensating period in which the threshold voltage com-
pensating operation is performed, the first control signal
may be changed from the second low voltage level to the
second high voltage level after the second control signal is
changed from the first low voltage level to the first high
voltage level.

[0013] In example embodiments, between the threshold
voltage compensating period and the data writing period, the
first control signal may be changed from the second high
voltage level to the first high voltage level.

[0014] In example embodiments, in the data writing
period, the first control signal may be changed from the first
low voltage level to the first high voltage level when a data
writing operation time elapses after the first control signal is
changed from the first high voltage level to the first low
voltage level.

[0015] Inexample embodiments, between the data writing
period and a light emitting period in which the light emitting
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operation is performed, the first control signal may be
changed from the first high voltage level to the second high
voltage level.

[0016] According to example embodiments, a pixel circuit
may sequentially performs an on-bias operation, an initial-
izing operation, a threshold voltage compensating operation,
a data writing operation, and a light emitting operation. The
pixel circuit may include the following elements: a first
transistor including a gate terminal to which a first control
signal may be applied, a first terminal connected to a first
node, and a second terminal connected to a second node that
is connected to a data-line through which a data signal may
be transmitted; a second transistor including a gate terminal
to which a second control signal may be applied, a first
terminal connected to the second node, and a second termi-
nal connected to a third node; a third transistor including a
gate terminal connected to the first node, a first terminal to
which a first power signal may be applied, and a second
terminal connected to the third node; a storage capacitor
including a first terminal to which an initialization signal
may be applied and a second terminal connected to the first
node; and an organic light emitting diode including an anode
connected to the third node and a cathode to which a second
power signal may be applied. The first control signal may
have a first rising edge time and a first falling edge time in
a data writing period in which the data writing operation is
performed. The first control signal may have a second rising
edge time that is longer than the first rising edge time and a
second falling edge time that is longer than the first falling
edge time in one or more operating periods other than the
data writing period. The second control signal may have the
first rising edge time and the first falling edge time.

[0017] In example embodiments, the first control signal
may be a global clock signal for a simultaneous emission
driving.

[0018] In example embodiments, a high voltage level of
the first control signal may be the same as a high voltage
level of the second control signal, and a low voltage level of
the first control signal may be the same as a low voltage level
of the second control signal.

[0019] In example embodiments, the first through third
transistors may be p-type metal oxide semiconductor
(PMOS) transistors.

[0020] In example embodiments, in an initializing period
in which the initializing operation is performed, the first
control signal may be changed from the high voltage level
to the low voltage level after the second control signal may
be changed from the high voltage level to the low voltage
level.

[0021] In example embodiments, in a threshold voltage
compensating period in which the threshold voltage com-
pensating operation is performed, the first control signal
may be changed from the low voltage level to the high
voltage level after the second control signal may be changed
from the low voltage level to the high voltage level.
[0022] In example embodiments, in the data writing
period, the first control signal may be changed from the low
voltage level to the high voltage level when a data writing
operation time elapses after the first control signal is
changed from the high voltage level to the low voltage level.
[0023] According to example embodiments, an organic
light emitting display device may include the following
elements: a display panel including a plurality of pixel
circuits that sequentially perform an on-bias operation, an
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initializing operation, a threshold voltage compensating
operation, a data writing operation, and a light emitting
operation; and a display panel driving circuit configured to
provide a data signal, an initialization signal, a first control
signal, a second control signal, a first power signal, and a
second power signal to the pixel circuits. The first and
second control signals may have the same voltage levels and
the same edge times in a data writing period in which the
data writing operation is performed. At least two voltage
levels of the first control signal may be different from at least
two voltage levels of the second control signal in one or
more operating periods other than the data writing period. At
least two edge times of the first control signal may be
different from at least two edge times of the second control
signal in the one or more operating periods other than the
data writing period.

[0024] In example embodiments, each of the pixel circuits
may include the following elements: a first transistor includ-
ing a gate terminal to which the first control signal is applied,
a first terminal connected to a first node, and a second
terminal connected to a second node that is connected to a
data-line through which the data signal may be transmitted,
a second transistor including a gate terminal to which the
second control signal may be applied, a first terminal con-
nected to the second node, and a second terminal connected
to a third node; a third transistor including a gate terminal
connected to the first node, a first terminal to which the first
power signal may be applied, and a second terminal con-
nected to the third node; a storage capacitor including a first
terminal to which the initialization signal may be applied
and a second terminal connected to the first node; and an
organic light emitting diode including an anode connected to
the third node and a cathode to which the second power
signal may be applied. The first control signal may have a
first high voltage level and a first low voltage level in the
data writing period. The first control signal may have a
second high voltage level (lower than the first high voltage
level) and a second low voltage level (higher than the first
low voltage level) in the one or more operating periods other
than the data writing period. The second control signal may
have the first high voltage level and the first low voltage
level.

[0025] Inexample embodiments, each of the pixel circuits
may include the following elements: a first transistor includ-
ing a gate terminal to which the first control signal may be
applied, a first terminal connected to a first node, and a
second terminal connected to a second node that is con-
nected to a data-line through which the data signal may be
transmitted; a second transistor including a gate terminal to
which the second control signal may be applied, a first
terminal connected to the second node, and a second termi-
nal connected to a third node; a third transistor including a
gate terminal connected to the first node, a first terminal to
which the first power signal may be applied, and a second
terminal connected to the third node; a storage capacitor
including a first terminal to which the initialization signal
may be applied and a second terminal connected to the first
node; and an organic light emitting diode including an anode
connected to the third node and a cathode to which the
second power signal may be applied. The first control signal
may have a first rising edge time and a first falling edge time
in the data writing period. The first control signal may have
a second rising edge time that is longer than the first rising
edge time and a second falling edge time that is longer than
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the first falling edge time in the one or more operating
periods other than the data writing period. The second
control signal may have the first rising edge time and the first
falling edge time.

[0026] In a pixel circuit according to example embodi-
ments, a first transistor and a second transistor are connected
in series between a gate terminal of a third transistor and a
drain terminal of the third transistor. The third transistor may
be a driving transistor connected in series to an organic light
emitting diode. The first transistor and the second transistor
may receive respective signals having different voltage
levels (i.e., a high voltage level and a low voltage level) or
having different edge times (i.e., a rising edge time and a
falling edge time) at respective gate terminals in operating
periods other than the data writing period. Advantageously,
the pixel circuit may prevent a kickback phenomenon when
the operating period is changed from the threshold voltage
compensating period to the data writing period.

[0027] An organic light emitting display device according
to example embodiments may display a high-quality image
and may include the aforementioned pixel circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIG. 1 is a circuit diagram illustrating a pixel
circuit according to example embodiments.

[0029] FIG. 2 is a waveform diagram illustrating an oper-
ating period of the pixel circuit of FIG. 1 according to
example embodiments.

[0030] FIG. 3 is a waveform diagram illustrating an
example of a first control signal applied to a gate terminal of
a first transistor included in a comparative pixel circuit
according to example embodiments.

[0031] FIG. 4 is a waveform diagram illustrating an
example of a first control signal applied to a gate terminal of
a first transistor included in the pixel circuit of FIG. 1
according to example embodiments.

[0032] FIG. 5 is a waveform diagram illustrating an
example of a first control signal applied to a gate terminal of
a first transistor included in the pixel circuit of FIG. 1
according to example embodiments.

[0033] FIG. 6 is a waveform diagram illustrating an
example of a first control signal applied to a gate terminal of
a first transistor included in the pixel circuit of FIG. 1
according to example embodiments.

[0034] FIG. 7 is a block diagram illustrating an organic
light emitting display device according to example embodi-
ments.

[0035] FIG. 8 is a block diagram illustrating an electronic
device according to example embodiments.

[0036] FIG. 9 is a diagram illustrating an example in
which the electronic device of FIG. 8 is implemented as a
smart phone according to example embodiments.

[0037] FIG. 10 is a diagram illustrating an example in
which the electronic device of FIG. 8 is implemented as a
head mounted display (HMD) device according to example
embodiments.

DETAILED DESCRIPTION OF EMBODIMENTS

[0038] Embodiments are explained with reference to the
accompanying drawings. In this application, the term “node”
may mean “an equipotential point at which two or more
circuit elements are connected”; the term “connect” may
mean “electrically connect.” Although the terms “first,”
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“second,” etc. may be used herein to describe various
elements, these elements, should not be limited by these
terms. These terms may be used to distinguish one element
from another element. Thus, a first element may be termed
a second element without departing from teachings of one or
more embodiments. The description of an element as a
“first” element may not require or imply the presence of a
second element or other elements. The terms “first,” “sec-
ond,” etc. may also be used herein to differentiate different
categories or sets of elements. For conciseness, the terms
“first,” “second,” etc. may represent “first-type (or first-set),
” “second-type (or second-set),” etc., respectively.

[0039] FIG. 1 is a circuit diagram illustrating a pixel
circuit according to example embodiments, and FIG. 2 is a
waveform diagram illustrating an operating period of the
pixel circuit of FIG. 1.

[0040] Referring to FIGS. 1 and 2, the pixel circuit 100
may include a first transistor T1, a second transistor T2, a
third transistor T3, a storage capacitor CST, and an organic
light emitting diode (OLED). The pixel circuit 100 may
sequentially perform an on-bias operation, an initializing
operation, a threshold voltage compensating operation, a
data writing operation, and a light emitting operation. A
parasitic capacitor CPR may be unintentionally formed
between a second node N2, wherein the node N2 is between
the first transistor T1 and the second transistor T2 and is
connected to a data-line through which a data signal DATA
is transmitted. The parasitic capacitor CPR is not an (in-
tended) element included in the pixel circuit 100. Since the
pixel circuit 100 includes three transistors T1, T2, and T3
and one capacitor CST, the pixel circuit 100 may be referred
to as a 3T-1C pixel circuit.

[0041] The first transistor T1 may include a gate terminal
to which a first control signal GW is applied, a first terminal
connected to a first node N1, and a second terminal con-
nected to the second node N2, wherein the second node N2
is connected to the data-line through which the data signal
DATA is transmitted. In an example embodiment, as illus-
trated in FIG. 1, the first transistor T1 may be a p-type metal
oxide semiconductor (PMOS) transistor. When the first
control signal GW has a low voltage level, the first transistor
T1 may be turned on. On the other hand, when the first
control signal GW has a high voltage level, the first tran-
sistor T1 may be turned off. In an example embodiment, the
first transistor T1 may be an n-type metal oxide semicon-
ductor (NMOS) transistor. When the first control signal GW
has a high voltage level, the first transistor T1 may be turned
on. On the other hand, when the first control signal GW has
a low voltage level, the first transistor T1 may be turned off.
In some example embodiments, the first control signal GW
applied to the gate terminal of the first transistor T1 may be
a global clock signal for a simultaneous emission driving.
For example, when the organic light emitting display device
including a plurality of pixel circuits 100 operates in a
simultaneous emission driving method, the first control
signal GW as the global clock signal may be commonly
applied to the pixel circuits 100. The first control signal GW
and the second control signal GC may be generated by
separate drivers.

[0042] The second transistor T2 may include a gate ter-
minal to which the second control signal GC is applied, a
first terminal connected to the second node N2 (which is
connected to the data-line through which the data signal
DATA is transmitted), and a second terminal connected to
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the third node N3. That is, the second transistor T2 may be
connected to the first transistor T1 in series between the first
node N1 (or the gate terminal of the third transistor T3) and
the third node N3 (or the drain terminal of the third transistor
T3). The third transistor and the organic light emitting diode
OLED may be connected in series. In an example embodi-
ment, as illustrated in FIG. 1, the second transistor T2 may
be a PMOS transistor. The second transistor T2 may be
turned on when the second control signal GC has a low
voltage level. On the other hand, the second transistor T2
may be turned off when the second control signal GC has a
high voltage level. In an example embodiment, the second
transistor T2 may be an NMOS transistor. The second
transistor T2 may be turned on when the second control
signal GC has a high voltage level. On the other hand, the
second transistor T2 may be turned off when the second
control signal GC has a low voltage level.

[0043] The third transistor T3 may include a gate terminal
connected to the first node N1, a first terminal to which the
first power signal ELVSS is applied, and a second terminal
connected to the third node N3. As illustrated in FIG. 1,
since the second terminal of the third transistor T3 and an
anode of the organic light emitting diode OLED are con-
nected to the third node N3, the third transistor T3 and the
organic light emitting diode OLED may be connected in
series between the first power signal ELVDD and the second
power signal ELVSS. The third transistor T3 may be referred
to as the driving transistor. That is, the third transistor T3
may control a current flowing through the organic light
emitting diode OLED based on a voltage applied to the gate
terminal of the third transistor T3 (i.e., a voltage applied to
the first node N1). Thus, a gray-scale of the corresponding
pixel may be implemented by controlling emission-lumi-
nance of the organic light emitting diode OLED. In an
example embodiment, as illustrated in FIG. 1, the third
transistor T3 may be a PMOS transistor. When a signal
applied to the first node N1 has a low voltage level that is
lower than a turn-on voltage level of the third transistor T3,
the third transistor T3 may be turned on. On the other hand,
when the signal applied to the first node N1 has a high
voltage level that is higher than the turn-on voltage level of
the third transistor T3, the third transistor T3 may be turned
off. In an example embodiment, the third transistor T3 may
be an NMOS transistor. In this case, when the signal applied
to the first node N1 has a high voltage level that is higher
than the turn-on voltage level of the third transistor T3, the
third transistor T3 may be turned on. On the other hand,
when the signal applied to the first node N1 has a low
voltage level that is lower than the turn-on voltage level of
the third transistor T3, the third transistor T3 may be turned
off.

[0044] The storage capacitor CST may include a first
terminal to which an initialization signal VINT is applied
and a second terminal connected to the first node N1. The
storage capacitor CST may store the data signal DATA that
is applied through the data-line when the first transistor T1
is turned on in a data writing period DWP. When the third
transistor T3 is turned on based on the data signal DATA
stored in the storage capacitor CST in a light emitting period
EMBP, a current corresponding to the data signal DATA may
flow through the organic light emitting diode OLED, and
thus the organic light emitting diode OLED may emit light.
The organic light emitting diode OLED may include the
anode connected to the third node N3 and a cathode to which
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the second power signal ELVSS is applied. As described
above, the pixel circuit 100 may include three transistors T1,
T2, and T3, and the transistors T1, T2, and T3 may be the
PMOS transistors or the NMOS transistors. In embodi-
ments, the transistors T1, T2, and T3 included in the pixel
circuit 100 are the PMOS transistors.

[0045] As illustrated in FIG. 2, operating periods of the
pixel circuit 100 may include an on-bias period BP in which
an on-bias operation is performed, an initializing period IP
in which an initializing operation is performed, a threshold
voltage compensating period CP in which a threshold volt-
age compensating operation is performed, a data writing
period DWP in which a data writing operation is performed,
and a light emitting period EMP in which a light emitting
operation is performed. As the pixel circuit 100 sequentially
performs the on-bias operation, the initializing operation, the
threshold voltage compensating operation, the data writing
operation, and the light emitting operation, the operating
period of the pixel circuit 100 may be sequentially changed
in the order of the on-bias period BP, the initializing period
1P, the threshold voltage compensating period CP, the data
writing period DWP, and the light emitting period EMP. In
embodiments, as illustrated in FIG. 2, the first control signal
GW applied to the gate terminal of the first transistor T1 and
the second control signal GC applied to the gate terminal of
the second transistor T2 have the same high/low voltage
levels and the same rising/falling edge times (e.g., included
in a sample indicated by FOC). In embodiments, as illus-
trated in FIGS. 4 to 6, the first control signal GW applied to
the gate terminal of the first transistor T1 and the second
control signal GC applied to the gate terminal of the second
transistor T2 have different high voltage levels, different low
voltage levels, different falling edge times, and/or different
rising edge times. In sequentially performing the on-bias
operation, the initializing operation, the threshold voltage
compensating operation, the data writing operation, and the
light emitting operation, the pixel circuit 100 may prevent a
kickback phenomenon from occurring when the operation
period is changed from the threshold voltage compensating
period CP to the data writing period DWP.

[0046] In the operating period of the pixel circuit 100, the
pixel circuit 100 may perform the on-bias operation in the
on-bias period BP, may perform the initializing operation in
the imtializing period IP, may perform the threshold voltage
compensating operation in the threshold voltage compen-
sating period CP, may perform the data writing operation in
the data writing period DWP, and may perform the light
emitting operation in the light emitting period EMP. In the
on-bias period BP of the pixel circuit 100, the first power
signal ELVDD may have a high voltage level, the second
power signal ELVSS may have a high voltage level, the
initialization signal VINT may have a low voltage level, the
first control signal GW may have a high voltage level, the
second control signal GC may have a high voltage level, and
the data signal DATA may have a predetermined sustaining
voltage level VSUS. Thus, the on-bias operation may be
performed in the pixel circuit 100, and a voltage character-
istic curve of the third transistor T3 may be initialized to an
on-bias state regardless of the data signal DATA provided in
a previous frame. As a result, the pixel circuit 100 may
implement desired luminance regardless of the data signal
DATA provided in the previous frame. In the on-bias period
BP of the pixel circuit 100, the initialization signal VINT
having a low voltage level may be applied to the gate
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terminal of the third transistor T3. However, since both the
power signals ELVDD and ELVSS have a high voltage
level, the third transistor T3 (i.e., the driving transistor) may
not be turned on.

[0047] Next, in the initializing period IP of the pixel circuit
100, the first power signal ELVDD may have a low voltage
level, the second power signal ELVSS may have a high
voltage level, the initialization signal VINT may have a low
voltage level, the first control signal GW may be changed
(i.e., with voltage level transition) from a high voltage level
to a low voltage level, the second control signal GC may
have a low voltage level, and the data signal DATA may
have the sustaining voltage level VSUS. Thus, the first
transistor T1 may be turned off and then turned on, and the
second transistor T2 may be turned on. As a result, the gate
terminal of the third transistor T3 (i.e., the first node N1), the
anode of the organic light emitting diode OLED (i.e., the
third node N3), and the second node N2 at which the first
transistor T1 is connected to the second transistor T2 may be
initialized. Subsequently, in the threshold voltage compen-
sating period CP of the pixel circuit 100, the first power
signal ELVDD may have a high voltage level, the second
power signal ELVSS may have a high voltage level, the
initialization signal VINT may have a high voltage level, the
first control signal GW may have a low voltage level, the
second control signal GC may be changed from a low
voltage level to a high voltage level, and the data signal
DATA may have the sustaining voltage level VSUS. Thus,
the first transistor T1 may be turned on, and the second
transistor T2 may be turned on and then turned off. As a
result, the third transistor T3 may be diode-connected (i.e.,
the gate terminal of the third transistor T3 may be connected
to the drain terminal of the third transistor T3), a voltage that
reflects a threshold voltage of the third transistor T3 may be
stored in the first node N1, and thus characteristic deviations
due to the threshold voltage of the third transistor T3 may be
removed.

[0048] Subsequently, in the data writing period DWP of
the pixel circuit 100, the first power signal ELVDD may
have a low voltage level, the second power signal ELVSS
may have a high voltage level, the initialization signal VINT
may be changed from a high voltage level to a low voltage
level and then, when/after a specific time has elapsed, may
be changed from a/the low voltage level to a/the high voltage
level, the first control signal GW may be changed from a
high voltage level to a low voltage level and then, when a
data writing operation time has elapsed, may be changed
from a/the low voltage level to a/the high voltage level, the
second control signal GC may have a high voltage level, and
the data signal DATA may have a voltage level correspond-
ing to a specific gray-scale. Thus, the first transistor T1 may
be turned on during the data writing operation time, and the
second transistor T2 may be turned off. As a result, the data
signal DATA may be stored in the storage capacitor CST
during the data writing operation time during which the first
transistor T1 is turned on. As described above, the initial-
ization signal VINT may have a low voltage level during the
specific time. Hence, the anode of the organic light emitting
diode OLED may be initialized again during the specific
time. Next, in the light emitting period EMP of the pixel
circuit 100, the first power signal ELVDD may have a high
voltage level, the second power signal ELVSS may have a
low voltage level, the initialization signal VINT may have a
high voltage level, the first control signal GW may have a
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high voltage level, the second control signal GC may have
a high voltage level, and the data signal DATA may have the
sustaining voltage level VSUS. Thus, the third transistor T3
may be turned on based on the data signal DATA stored in
the storage capacitor CST. As a result, a current may flow
through the organic light emitting diode OLED, and thus the
organic light emitting diode OLED may emit light.

[0049] In a comparative pixel circuit (e.g., included in a
comparative organic light emitting display device) accord-
ing to embodiments, the first control signal GW applied to
the gate terminal of the first transistor T1 and the second
control signal GC applied to the gate terminal of the second
transistor T2 have the same high voltage level, the same low
voltage level, the same rising edge time, and the same falling
edge time. Thus, when the operating period of the pixel
circuit is changed from the threshold voltage compensating
period CP to the data writing period DWP, the kickback
phenomenon may occur in the pixel circuit, and thus lumi-
nance non-uniformity due to a luminance change of the pixel
circuit may be caused. In other words, when the operating
period is changed from the threshold voltage compensating
period CP to the data writing period DWP, the voltage stored
in the storage capacitor CST may be distributed to the
parasitic capacitor CPR due to a direction change of a
leakage current at the timing when a state of the first
transistor T1 is changed from a turn-on state to a turn-off
state. Thus, the luminance change may be caused by a
change in the voltage stored in the storage capacitor CST. In
embodiments, because the first transistor T1 is in a turn-off
state at the timing when a state of the second transistor T2
1s changed from a turn-on state to a turn-off state, a kickback
phenomenon due to the turn-off operation of the second
transistor T2 may not be a serious problem as compared to
the comparative pixel circuit. For minimizing effects of the
kickback phenomenon, the pixel circuit 100 may have a
structure in which the first and second transistors T1 and T2
are connected in series between the gate terminal of the third
transistor T3 and the drain terminal of the third transistor T3,
the third transistor T3 and the organic light emitting diode
OLED are connected in series, and the first and second
transistor T1 and T2 receive signals having different high
voltage levels, different low voltage levels, different rising
edge times, and/or different falling edge times at respective
gate terminals in one or more operating periods other than
the data writing period DWP.

[0050] In an example embodiment, the first control signal
GW applied to the gate terminal of the first transistor T1 may
have a first high voltage level and a first low voltage level
in the data writing period DWP in which the data writing
operation is performed and may have a second high voltage
level (lower than the first high voltage level) and a second
low voltage level (higher than the first low voltage level) in
one or more operating periods other than the data writing
period DWP. The second control signal GC applied to the
gate terminal of the second transistor T2 may have the first
high voltage level and the first low voltage level. That is, in
the pixel circuit 100, the first and second transistors T1 and
T2 may receive respective signals having different high/low
voltage levels at respective gate terminals in one or more
operating periods other than the data writing period DWP. In
an example embodiment, in one or more operating periods
other than the data writing period DWP, the rising edge time
of the first control signal GW may be the same as the rising
edge time of the second control signal GC, and the falling
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edge time of the first control signal GW may be the same as
the falling edge time of the second control signal GC. In
example embodiments, in one or more operating periods
other than the data writing period DWP, the rising edge time
of the first control signal GW may be different from the
rising edge time of the second control signal GC, and the
falling edge time of the first control signal GW may be
different from the falling edge time of the second control
signal GC. In some example embodiments, as illustrated in
FIGS. 2, 4, and 6, in the initializing period IP, the first
control signal GW may be changed from the second high
voltage level to the second low voltage level after the second
control signal GC is changed from the first high voltage level
to the first low voltage level. Subsequently, in the threshold
voltage compensating period CP, the first control signal GW
may be changed from the second low voltage level to the
second high voltage level after the second control signal GC
is changed from the first low voltage level to the first high
voltage level. Next, between the threshold voltage compen-
sating period CP and the data writing period DWP, the first
control signal GW may be changed from the second high
voltage level to the first high voltage level. Subsequently, in
the data writing period DWP, the first control signal GW
may be changed from the first high voltage level to the first
low voltage level and then, when/after the data writing
operation time has elapsed, may be changed from the first
low voltage level to the first high voltage level. Next,
between the data writing period DWP and the light emitting
period EMP, the first control signal GW may be changed
from the first high voltage level to the second high voltage
level.

[0051] In example embodiments, the first control signal
GW applied to the gate terminal of the first transistor T1 may
have a first rising edge time and a first falling edge time in
the data writing period DWP in which the data writing
operation is performed and may have a second rising edge
time (longer than the first rising edge time) and a second
falling edge time (longer than the first falling edge time) in
one or more operating periods other than the data writing
period DWP. The second control signal GC applied to the
gate terminal of the second transistor T2 may have the first
rising edge time and the first falling edge time. That is, in the
pixel circuit 100, the first and second transistors T1 and T2
may receive respective signals having different rising/falling
edge times at respective gate terminals in the one or more
operating periods other than the data writing period DWP. A
high voltage level of the first control signal GW may be the
same as a high voltage level of the second control signal GC,
and a low voltage level of the first control signal GW may
be the same as a low voltage level of the second control
signal GC. In some example embodiments, as illustrated in
FIGS. 2 and 5, in the initializing period IP, the first control
signal GW may be changed from a high voltage level to a
low voltage level after the second control signal GC is
changed from a high voltage level to a low voltage level.
Subsequently, in the threshold voltage compensating period
CP, the first control signal GW may be changed from a low
voltage level to a high voltage level after the second control
signal GC is changed from a low voltage level to a high
voltage level. Next, in the data writing period DWP, the first
control signal GW may be changed from a high voltage level
to a low voltage level and then, when the data writing
operation time elapses, may be changed from a low voltage
level to a high voltage level. As described above, the pixel
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circuit 100 may sequentially perform the on-bias operation,
the initializing operation, the threshold voltage compensat-
ing operation, the data writing operation, and the light
emitting operation. The pixel circuit 100 may prevent the
kickback phenomenon from occurring when the operating
period is changed from the threshold voltage compensating
period CP to the data writing period DWP. A sample
indicated by the dotted box FOC shown in FIG. 2 will be
described in detail with reference to FIGS. 3 to 6. As
described with reference to FIG. 2, in embodiments, the
pixel circuit 100 sequentially performs the on-bias opera-
tion, the initializing operation, the threshold voltage com-
pensating operation, the data writing operation, and the light
emitting operation. The waveforms of the first power signal
ELVDD, the second power signal ELVSS, the initialization
signal VINT, the first control signal GW, the second control
signal GC, and the data signal DATA shown in FIG. 2 are
examples. The waveforms of the first power signal ELVDD,
the second power signal ELVSS, the initialization signal
VINT, the first control signal GW, the second control signal
GC, and the data signal DATA may be designed in various
ways when the pixel circuit 100 sequentially performs the
on-bias operation, the initializing operation, the threshold
voltage compensating operation, the data writing operation,
and the light emitting operation.

[0052] FIG. 3 is a waveform diagram illustrating an
example of a first control signal applied to a gate terminal of
a first transistor included in a comparative pixel circuit
according to embodiments, FIG. 4 is a waveform diagram
illustrating an example of a first control signal applied to a
gate terminal of a first transistor included in the pixel circuit
of FIG. 1 according to embodiments, FIG. 5 is a waveform
diagram illustrating an example of a first control signal
applied to a gate terminal of a first transistor included in the
pixel circuit of FIG. 1 according to embodiments, and FIG.
6 is a waveform diagram illustrating an example of a first
control signal applied to a gate terminal of a first transistor
included in the pixel circuit of FIG. 1 according to embodi-
ments.

[0053] Referring to FIGS. 3 to 6, the first control signal
GW applied to the gate terminal of the first transistor T1 and
the second control signal GC applied to the gate terminal of
the second transistor T2 in the on-bias period BP, the
initializing period IP, the threshold voltage compensating
period CP, the data writing period DWP, and the light
emitting period EMP are illustrated.

[0054] As illustrated in FIG. 3, in the comparative pixel
circuit according to embodiments, the first control signal
GW applied to the gate terminal of the first transistor T1 and
the second control signal GC applied to the gate terminal of
the second transistor T2 may have the same high/low voltage
levels and the same falling/rising edge times in all operating
periods BP, IP, CP, DWP, and EMP (i.e., the data writing
period DWP and the operating periods BP, 1P, CP, and EMP
other than the data writing period DWP). Specifically, in the
data writing period DWP and the operating periods BP, IP,
CP, and EMP other than the data writing period DWP, the
first control signal GW applied to the gate terminal of the
first transistor T1 may have the first high voltage level VGH
and the first low voltage level VGL and may have a first
falling edge time FT and a first rising edge time RT.
Similarly, in the data writing period DWP and the operating
periods BP, IP, CP, and EMP other than the data writing
period DWP, the second control signal GC applied to the
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gate terminal of the second transistor T2 may have the first
high voltage level VGH and the first low voltage level VGL
and may have the first falling edge time FT and the first
rising edge time RT. As illustrated in FIG. 3, in the initial-
izing period IP, the first control signal GW may be changed
from the first high voltage level VGH to the first low voltage
level VGL after the second control signal GC is changed
from the first high voltage level VGH to the first low voltage
level VGL. Subsequently, in the threshold voltage compen-
sating period CP, the first control signal GW may be changed
from the first low voltage level VGL to the first high voltage
level VGH after the second control signal GC is changed
from the first low voltage level VGL to the first high voltage
level VGH. Because the first transistor T1 is in a turn-off
state at the timing when a state of the second transistor T2
is changed from a turn-on state to a turn-off state in response
to the second control signal GC as the operating period of
the comparative pixel circuit 1s changed from the threshold
voltage compensating period CP to the data writing period
DWP, a kickback phenomenon due to the turn-off operation
of the second transistor T2 may not be a serious problem.
However, at the timing when a state of the first transistor T1
is changed from a turn-on state to a turn-off state in response
to the first control signal GW as the operating period of the
comparative pixel circuit is changed from the threshold
voltage compensating period CP to the data writing period
DWP, an unintentional luminance-change may be caused by
the kickback phenomenon due to the turn-off operation of
the first transistor T1.

[0055] Inan example embodiment, as illustrated in FIG. 4,
in the pixel circuit 100 of FIG. 1, the first control signal GW
applied to the gate terminal of the first transistor T1 and the
second control signal GC applied to the gate terminal of the
second transistor T2 may have different high/low voltage
levels and the same edge times in the operating periods BP,
IP, CP, and EMP other than the data writing period DWP.
Specifically, in the data writing period DWP, the first control
signal GW applied to the gate terminal of the first transistor
T1 may have the first high voltage level VGH and the first
low voltage level VGL and may have the first falling edge
time FT and the first rising edge time RT. However, in the
operating periods BP, IP, CP, and EMP other than the data
writing period DWP, the first control signal GW applied to
the gate terminal of the first transistor T1 may have the
second high voltage level VGH' that is lower than the first
high voltage level VGH and the second low voltage level
VGL' that is higher than the first low voltage level VGL and
may have the first falling edge time FT and the first rising
edge time RT. Here, in the data writing period DWP and the
operation periods BP, IP, CP, and EMP other than the data
writing period DWP, the second control signal GC applied
to the gate terminal of the second transistor T2 may have the
first high voltage level VGH and the first low voltage level
VGL and may have the first falling edge time FT and the first
rising edge time RT. As illustrated in FIG. 4, in the initial-
izing period IP, the first control signal GW may be changed
from the second high voltage level VGH' to the second low
voltage level VGL' after the second control signal GC is
changed from the first high voltage level VGH to the first
low voltage level VGL. Subsequently, in the threshold
voltage compensating period CP, the first control signal GW
may be changed from the second low voltage level VGL' to
the second high voltage level VGH' after the second control
signal GC is changed from the first low voltage level VGL
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to the first high voltage level VGH. Next, between the
threshold voltage compensating period CP and the data
writing period DWP, the first control signal GW may be
changed from the second high voltage level VGH' to the first
high voltage level VGH. Subsequently, between the data
writing period DWP and the light emitting period EMP, the
first control signal GW may be changed from the first high
voltage level VGH to the second high voltage level VGH'.
As described above, when the state of the first transistor T1
is changed from the turn-on state to the turn-off state as the
operating period is changed from the threshold voltage
compensating period CP to the data writing period DWP, a
voltage level fluctuating width of the first control voltage
GW applied to the gate terminal of the first transistor T1 may
be relatively small in the pixel circuit 100 of FIG. 1 as
compared to the convention pixel circuit. Thus, the kickback
phenomenon due to the turn-off operation of the first tran-
sistor T1 may be prevented or minimized.

[0056] In embodiments, as illustrated in FIG. 5, in the
pixel circuit 100 of FIG. 1, the first control signal GW
applied to the gate terminal of the first transistor T1 and the
second control signal GC applied to the gate terminal of the
second transistor T2 may have the same voltage levels and
different falling/rising edge times in the operating periods
BP, IP, CP, and EMP other than the data writing period DWP.
Specifically, in the data writing period DWP, the first control
signal GW applied to the gate terminal of the first transistor
T1 may have the first falling edge time FT and the first rising
edge time RT and may have the first high voltage level VGH
and the first low voltage level VGL. However, in the
operating periods BP, IP, CP, and EMP other than the data
writing period DWP, the first control signal GW applied to
the gate terminal of the first transistor T1 may have the
second rising edge time RT" that is longer than the first rising
edge time RT and the second falling edge time FT' that is
longer than the first falling edge time FT and may have the
first high voltage level VGH and the first low voltage level
VGL. Here, in the data writing period DWP and the opera-
tion periods BP, IP, CP, and EMP other than the data writing
period DWP, the second control signal GC applied to the
gate terminal of the second transistor T2 may have the first
high voltage level VGH and the first low voltage level VGL
and may have the first falling edge time FT and the first
rising edge time RT. As illustrated in FIG. 5, in the initial-
izing period IP, the first control signal GW may be changed
from the first high voltage level VGH to the first low voltage
level VGL after the second control signal GC is changed
from the first high voltage level VGH to the first low voltage
level VGL. Subsequently, in the threshold voltage compen-
sating period CP, the first control signal GW may be changed
from the first low voltage level VGL to the first high voltage
level VGH after the second control signal GC is changed
from the first low voltage level VGL to the first high voltage
level VGH. As described above, when the state of the first
transistor T1 is changed from the turn-on state to the turn-off
state as the operating period is changed from the threshold
voltage compensating period CP to the data writing period
DWP, a voltage level fluctuating time of the first control
voltage GW applied to the gate terminal of the first transistor
T1 may be relatively long in the pixel circuit 100 of FIG. 1
as compared to the convention pixel circuit. Thus, the
kickback phenomenon due to the turn-off operation of the
first transistor T1 may be reduced.
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[0057] In example embodiments, as illustrated in FIG. 6,
in the pixel circuit 100 of FIG. 1, the first control signal GW
applied to the gate terminal of the first transistor T1 and the
second control signal GC applied to the gate terminal of the
second transistor T2 may have different high/low voltage
levels and different falling/rising edge times in the operating
periods BP, IP, CP, and EMP other than the data writing
period DWP. Specifically, in the data writing period DWP,
the first control signal GW applied to the gate terminal of the
first transistor T1 may have the first high voltage level VGH
and the first low voltage level VGL and may have the first
falling edge time FT and the first rising edge time RT.
However, in the operating periods BP, 1P, CP, and EMP other
than the data writing period DWP, the first control signal
GW applied to the gate terminal of the first transistor T1 may
have the second high voltage level VGH' that is lower than
the first high voltage level VGH and the second low voltage
level VGL' that is higher than the first low voltage level VGL
and may have the second falling edge time F1" that is longer
than the first falling edge time FT and the second rising edge
time RT' that is longer than the first rising edge time RT.
Here, in the data writing period DWP and the operation
periods BP, IP, CP, and EMP other than the data writing
period DWP, the second control signal GC applied to the
gate terminal of the second transistor T2 may have the first
high voltage level VGH and the first low voltage level VGL
and may have the first falling edge time FT and the first
rising edge time RT. As illustrated in FIG. 6, in the initial-
izing period IP, the first control signal GW may be changed
from the second high voltage level VGH' to the second low
voltage level VGL' after the second control signal GC is
changed from the first high voltage level VGH to the first
low voltage level VGL. Subsequently, in the threshold
voltage compensating period CP, the first control signal GW
may be changed from the second low voltage level VGL' to
the second high voltage level VGH' after the second control
signal GC is changed from the first low voltage level VGL
to the first high voltage level VGH. Next, between the
threshold voltage compensating period CP and the data
writing period DWP, the first control signal GW may be
changed from the second high voltage level VGH' to the first
high voltage level VGH. Subsequently, between the data
writing period DWP and the light emitting period EMP, the
first control signal GW may be changed from the first high
voltage level VGH to the second high voltage level VGH'.
As described above, when the state of the first transistor T1
is changed from the turn-on state to the turn-off state as the
operating period is changed from the threshold voltage
compensating period CP to the data writing period DWP, the
voltage level fluctuating width of the first control voltage
GW applied to the gate terminal of the first transistor T1 may
be relatively small, and the voltage level fluctuating time of
the first control voltage GW applied to the gate terminal of
the first transistor T1 may be relatively long in the pixel
circuit 100 of FIG. 1 as compared to the convention pixel
circuit. Thus, the kickback phenomenon due to the turn-off
operation of the first transistor T1 may be reduced.

[0058] FIG. 7 is a block diagram illustrating an organic
light emitting display device according to example embodi-
ments.

[0059] Referring to FIG. 7, the organic light emitting
display device 300 may include a display panel 310 and a
display panel driving circuit 320.
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[0060] The display panel 310 may include a plurality of
pixel circuits 311 that sequentially perform an on-bias
operation, an initializing operation, a threshold voltage
compensating operation, a data writing operation, and a light
emitting operation. In some example embodiments, the pixel
circuits 311 may be arranged in a matrix form in the display
panel 310. The display panel driving circuit 320 may drive
the display panel 310 by providing a data signal DATA, an
initialization signal VINT, a first control signal GW, a
second control signal GC, a first power signal ELVDD, and
a second power signal ELVSS to the pixel circuits 311. For
this operation, the display panel driving circuit 320 may
include a data driver, a scan driver, an emission controller,
a timing controller, a power supply, etc. Since the elements
of the display panel driving circuit 320 are examples, the
elements of the display panel driving circuit 320 are not
limited thereto. The display panel driving circuit 320 may
provide the first and second control signals GW and GC
having the same voltage levels (i.e., a high voltage level and
a low voltage level) and the same edge times (i.e., a rising
edge time and a falling edge time) to the pixel circuits 311
of the display panel 310 in a data writing period in which the
data writing operation is performed. In addition, the display
panel driving circuit 320 may provide the first and second
control signal GW and GC having different voltage levels
and different edge times to the pixel circuits 311 of the
display panel 310 in operating periods other than the data
writing period. For example, when the organic light emitting
display device 300 operates in a simultaneous emission
driving method, the first control signal GW may be a global
clock signal for a simultaneous emission driving. That is, the
first control signal GW as the global clock signal may be
commonly applied to the pixel circuits 100. The first control
signal GW and the second control signal GC may be
generated by separate drivers. In some example embodi-
ments, to provide the first control signal GW having differ-
ent waveforms between the data writing period and the
operating periods other than the data writing period, the
display panel driving circuit 320 may include a voltage
generating circuit or a diode to generate different voltage
levels.

[0061] In an example embodiment, each of the pixel
circuits 311 included in the display panel 310 may include
a first transistor, a second transistor, a third transistor, a
storage capacitor, and an organic light emitting diode. A
pixel circuit 311 may have structures and/or features analo-
gous to or identical to the structures and/or features of the
pixel circuit 100 according to one or more embodiments
discussed above. The first transistor may include a gate
terminal to which the first control signal GW is applied, a
first terminal connected to a first node, and a second terminal
connected to a second node that is connected to a data-line
through which the data signal DATA is transmitted. The
second transistor may include a gate terminal to which the
second control signal GC is applied, a first terminal con-
nected to the second node, and a second terminal connected
to a third node. The third transistor may include a gate
terminal connected to the first node, a first terminal to which
the first power signal ELVDD is applied, and a second
terminal connected to the third node. The storage capacitor
may include a first terminal to which the initialization signal
VINT is applied and a second terminal connected to the first
node. The organic light emitting diode may include an anode
connected to the third node and a cathode to which the
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second power signal ELVSS is applied. The first control
signal GW applied to the gate terminal of the first transistor
may have a first high voltage level and a first low voltage
level in the data writing period and may have a second high
voltage level that is lower than the first high voltage level
and a second low voltage level that is higher than the first
low voltage level in the operating periods other than the data
writing period. In addition, the second control signal GC
applied to the gate terminal of the second transistor may
have the first high voltage level and the first low voltage
level. In other words, the display panel driving circuit 320
may provide the first and second control signals GW and GC
having the same voltage levels and the same edge times to
the pixel circuits 311 of the display panel 310 in the data
writing period. In addition, the display panel driving circuit
320 may provide the first and second control signals GW and
GC having different voltage levels to the pixel circuits 311
of the display panel 310 in the operating periods other than
the data writing period.

[0062] In an example embodiment, each of the pixel
circuits 311 included in the display panel 310 may include
a first transistor, a second transistor, a third transistor, a
storage capacitor, and an organic light emitting diode. The
first transistor may include a gate terminal to which the first
control signal GW is applied, a first terminal connected to a
first node, and a second terminal connected to a second node
that is connected to the data-line through which the data
signal DATA is transmitted. The second transistor may
include a gate terminal to which the second control signal
GC s applied, a first terminal connected to the second node,
and a second terminal connected to a third node. The third
transistor may include a gate terminal connected to the first
node, a first terminal to which the first power signal ELVDD
is applied, and a second terminal connected to the third node.
The storage capacitor may include a first terminal to which
the initialization signal VINT is applied and a second
terminal connected to the first node. The organic light
emitting diode may include an anode connected to the third
node and a cathode to which the second power signal
ELVSS is applied. The first control signal GW applied to the
gate terminal of the first transistor may have a first rising
edge time and a first falling edge time in the data writing
period and may have a second rising edge time that is longer
than the first rising edge time and a second falling edge time
that is longer than the first falling edge time in the operating
periods other than the data writing period. In addition, the
second control signal GC applied to the gate terminal of the
second transistor may have the first rising edge time and the
first falling edge time. In other words, the display panel
driving circuit 320 may provide the first and second control
signals GW and GC having the same voltage levels and the
same edge times to the pixel circuits 311 of the display panel
310 in the data writing period. In addition, the display panel
driving circuit 320 may provide the first and second control
signals GW and GC having different edge times to the pixel
circuits 311 of the display panel 310 in the operating periods
other than the data writing period. As described above, the
organic light emitting display device 300 may provide a
high-quality image to a viewer (or, user) by including the
pixel circuits 311 that can prevent a kickback phenomenon
from occurring when the operating period is changed from
the threshold voltage compensating period to the data writ-
ing period, where each of the pixel circuits 311 sequentially
performs the on-bias operation, the initializing operation, the
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threshold voltage compensating operation, the data writing
operation, and the light emitting operation.

[0063] FIG. 8 is a block diagram illustrating an electronic
device according to example embodiments, FIG. 9 is a
diagram illustrating an example in which the electronic
device of FIG. 8 is implemented as a smart phone, and FIG.
10 is a diagram illustrating an example in which the elec-
tronic device of FIG. 8 is implemented as an HMD device.
[0064] Referring to FIGS. 8 to 10, the electronic device
500 may include a processor 510, a memory device 520, a
storage device 530. an input/output (I/0) device 540, a
power supply 550, and an organic light emitting display
device 560. The organic light emitting display device 560
may be the organic light emitting display device 300 of FIG.
7. In addition, the electronic device 500 may further include
a plurality of ports for communicating with a video card, a
sound card, a memory card, a universal serial bus (USB)
device, other electronic devices, etc. In an example embodi-
ment, as illustrated in FIG. 9, the electronic device 500 may
be implemented as a smart phone. In an example embodi-
ment, as illustrated in FIG. 10, the electronic device 500 may
be implemented as an HMD device. In embodiments, the
electronic device 500 may be implemented as one or more
of a cellular phone, a video phone, a smart pad, a smart
watch, a tablet PC, a car navigation system, a television, a
computer monitor, a laptop, etc.

[0065] The processor 510 may perform various computing
functions. The processor 510 may be a microprocessor, a
central processing unit (CPU), an application processor
(AP), etc. The processor 510 may be coupled to other
components via an address bus, a control bus, a data bus, etc.
Further, the processor 510 may be coupled to an extended
bus such as a peripheral component interconnection (PCI)
bus. The memory device 520 may store data for operations
of the electronic device 500. For example, the memory
device 520 may include at least one non-volatile memory
device such as one of an erasable programmable read-only
memory (EPROM) device, an electrically erasable program-
mable 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. The storage device 530 may be one of a solid
state drive (SSD) device, a hard disk drive (HDD) device, a
CD-ROM device, etc. The I/O device 540 may be an input
device such as one of a keyboard, a keypad, a mouse device,
a touchpad, a touch-screen, etc.. and an output device such
as one of a printer, a speaker, etc. In some example embodi-
ments, the organic light emitting display device 560 may be
included in the I/O device 540. The power supply 550 may
provide power for operations of the electronic device 500.
[0066] The organic light emitting display device 560 may
be coupled to other components via the buses or other
communication links. Specifically, the organic light emitting
display device 560 may include pixel circuits each having a
structure in which first and second transistors are connected
in series between a gate terminal and a drain terminal of a
third transistor connected in series to an organic light
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emitting diode and the first and second transistors receive
respective signals having different voltage levels or having
different edge times at respective gate terminals in operating
periods other than a data writing period. Here, each of the
pixel circuits may sequentially perform an on-bias opera-
tion, an initializing operation, a threshold voltage compen-
sating operation, the data writing operation, and a light
emitting operation. As a result, since the pixel circuits can
prevent a kickback phenomenon from occurring when the
operating period is changed from the threshold voltage
compensating period to the data writing period, the organic
light emitting display device 560 including the pixel circuits
may display a high-quality image. In example embodiments,
the organic light emitting display device 560 may include a
display panel that includes the pixel circuits and a display
panel driving circuit that drives the display panel by pro-
viding a data signal, an initialization signal, a first control
signal, a second control signal, a first power signal, and a
second power signal to the pixel circuits. The first control
signal and the second control signal may have the same
voltage levels and the same edge times in the data writing
period in which the data writing operation is performed. In
addition, the first control signal and the second control signal
may have different voltage levels and different edge times in
the operating periods other than the data writing period.
Since a structure of each pixel circuit included in the organic
light emitting display device 560 is described above, dupli-
cated description will not be repeated.

[0067] Embodiments may be related to an organic light
emitting display device and an electronic device including
the organic light emitting display device. For example,
embodiments may be related to one or more of a cellular
phone, a smart phone, a video phone, a smart pad, a smart
watch, a tablet PC, a car navigation system, a television, a
computer monitor, a laptop, an HMD device, etc.

[0068] The foregoing is illustrative of embodiments and is
not to be construed as limiting. Although example embodi-
ments have been described, those skilled in the art will
readily appreciate that many modifications are possible in
the described embodiments. All such modifications are
intended to be included within the scope defined in the
claims.

What is claimed is:

1. A pixel circuit comprising:

a first node;

a second node electrically connected to a data line that is
configured to transmit a data signal;

a third node;

a first transistor including a gate terminal configured to
receive a first control signal, a first terminal electrically
connected to the first node, and a second terminal
electrically connected to the second node;

asecond transistor including a gate terminal configured to
receive a second control signal, a first terminal electri-
cally connected to the second node, and a second
terminal electrically connected to the third node;

a third transistor including a gate terminal electrically
connected to the first node, a first terminal configured
to receive a first power signal, and a second terminal
electrically connected to the third node;

a storage capacitor including a first terminal configured to
receive an initialization signal and a second terminal
electrically connected to the first node; and
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an organic light emitting diode including an anode elec-
trically connected to the third node and a cathode
configured to receive a second power signal,
wherein the first control signal has a first high voltage
level and a first low voltage level in a data writing
period in which a data writing operation is performed,

wherein the first high voltage level is higher than the first
low voltage level,
wherein the first control signal has a second high voltage
level and a second low voltage level in one or more
operating periods other than the data writing period,

wherein the second high voltage level is lower than the
first high voltage level,

wherein the second low voltage level is higher than the

first low voltage level, and

wherein the second control signal has the first high

voltage level and the first low voltage level.

2. The pixel circuit of claim 1, wherein the first control
signal is a global clock signal for a simultaneous emission
driving.

3. The pixel circuit of claim 1, wherein in the one or more
operating periods other than the data writing period, a rising
edge time of the first control signal is the same as a rising
edge time of the second control signal, and a falling edge
time of the first control signal is the same as a falling edge
time of the second control signal.

4. The pixel circuit of claim 1, wherein in the one or more
operating periods other than the data writing period, a rising
edge time of the first control signal is longer than a rising
edge time of the second control signal, and a falling edge
time of the first control signal is longer than a falling edge
time of the second control signal.

5. The pixel circuit of claim 1, wherein the first transistor,
the second transistor, and the third transistor are p-type metal
oxide semiconductor transistors.

6. The pixel circuit of claim 5, wherein in an initializing
period in which an initializing operation is performed, the
first control signal is changed from the second high voltage
level to the second low voltage level after the second control
signal is changed from the first high voltage level to the first
low voltage level.

7. The pixel circuit of claim 6, wherein in a threshold
voltage compensating period in which an threshold voltage
compensating operation is performed, the first control signal
is changed from the second low voltage level to the second
high voltage level after the second control signal is changed
from the first low voltage level to the first high voltage level.

8. The pixel circuit of claim 7, wherein between the
threshold voltage compensating period and the data writing
period, the first control signal is changed from the second
high voltage level to the first high voltage level.

9. The pixel circuit of claim 8, wherein in the data writing
period, the first control signal is changed from the first low
voltage level to the first high voltage level when a data
writing operation time elapses after the first control signal is
changed from the first high voltage level to the first low
voltage level.

10. The pixel circuit of claim 9, wherein between the data
writing period and a light emitting period in which a light
emitting operation is performed, the first control signal is
changed from the first high voltage level to the second high
voltage level.
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11. A pixel circuit comprising:

a first node;

a second node electrically connected to a data line that is
configured to transmit a data signal;

a third node; a first transistor including a gate terminal
configured to receive a first control signal, a first
terminal electrically connected to the first node, and a
second terminal electrically connected to the second
node;

asecond transistor including a gate terminal configured to
receive a second control signal, a first terminal electri-
cally connected to the second node, and a second
terminal electrically connected to the third node;

a third transistor including a gate terminal electrically
connected to the first node, a first terminal configured
to receive a first power signal, and a second terminal
electrically connected to the third node;

a storage capacitor including a first terminal configured to
receive an initialization signal and a second terminal
electrically connected to the first node; and

an organic light emitting diode including an anode elec-
trically connected to the third node and a cathode
configured to receive a second power signal,

wherein the first control signal has a first rising edge time
and a first falling edge time in a data writing period in
which a data writing operation is performed,

wherein the first control signal has a second rising edge
time and a second falling edge time in one or more
operating periods other than the data writing period,

wherein the second rising edge time is longer than the first
rising edge time,

wherein the second falling edge time is longer than the
first falling edge time, and

wherein the second control signal has the first rising edge
time and the first falling edge time.

12. The pixel circuit of claim 11, wherein the first control
signal is a global clock signal for a simultaneous emission
driving.

13. The pixel circuit of claim 11, wherein a high voltage
level of the first control signal is the same as a high voltage
level of the second control signal, and a low voltage level of
the first control signal is the same as a low voltage level of
the second control signal.

14. The pixel circuit of claim 11, wherein the first tran-
sistor, the second transistor, and the third transistor are
p-type metal oxide semiconductor transistors.

15. The pixel circuit of claim 14, wherein in an initializing
period in which an initializing operation is performed, the
first control signal is changed from the high voltage level to
the low voltage level after the second control signal is
changed from the high voltage level to the low voltage level.

16. The pixel circuit of claim 15, wherein in a threshold
voltage compensating period in which a threshold voltage
compensating operation is performed, the first control signal
is changed from the low voltage level to the high voltage
level after the second control signal is changed from the low
voltage level to the high voltage level.

17. The pixel circuit of claim 16, wherein in the data
writing period, the first control signal is changed from the
low voltage level to the high voltage level when a data
writing operation time elapses after the first control signal is
changed from the high voltage level to the low voltage level.
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18. An organic light emitting display device comprising:

a display panel including a plurality of pixel circuits
configured to sequentially perform an on-bias opera-
tion, an initializing operation, a threshold voltage com-
pensating operation, a data writing operation, and a
light emitting operation; and

a display panel driving circuit configured to provide a data
signal, an initialization signal, a first control signal, a
second control signal, a first power signal, and a second
power signal to the pixel circuits,

wherein the first control signal and the second control
signal have the same voltage levels and the same edge
times in a data writing period in which the data writing
operation is performed, and

wherein at least two voltage levels of the first control
signal are different from at least two voltage levels of
the second control signal in one or more operating
periods other than the data writing period, or at least
two edge times of the first control signal are different
from at least two edge times of the second control
signal in the one or more operating periods other than
the data writing period.

19. The display device of claim 18, further comprising a
data line configured to transmit a data signal, wherein each
of the pixel circuits includes:

a first node;

a second node electrically connected to the data line;

a third node;

a first transistor including a gate terminal configured to
receive the first control signal, a first terminal electri-
cally connected to the first node, and a second terminal
electrically connected to the second node;

a second transistor including a gate terminal configured to
receive the second control signal, a first terminal elec-
trically connected to the second node, and a second
terminal electrically connected to the third node;

a third transistor including a gate terminal electrically
connected to the first node, a first terminal configured
to receive the first power signal, and a second terminal
electrically connected to the third node;

a storage capacitor including a first terminal configured to
receive the initialization signal and a second terminal
electrically connected to the first node; and

an organic light emitting diode including an anode elec-
trically connected to the third node and a cathode
configured to receive the second power signal,

wherein the first control signal has a first high voltage
level and a first low voltage level in the data writing
period,

wherein the first high voltage level is higher than the first
low voltage level,

wherein the first control signal has a second high voltage
level and a second low voltage level in the one or more
operating periods other than the data writing period,

wherein the second high voltage level is lower than the
first high voltage level,

wherein the second low voltage level is higher than the
first low voltage level, and

wherein the second control signal has the first high
voltage level and the first low voltage level.

20. The display device of claim 18, further comprising a

data line configured to transmit a data signal, wherein each
of the pixel circuits includes:
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a first node;

a second node electrically connected to the data line;

a third node;

a first transistor including a gate terminal configured to
receive the first control signal, a first terminal electri-
cally connected to a first node, and a second terminal
electrically connected to the second node;

asecond transistor including a gate terminal configured to
receive the second control signal, a first terminal elec-
trically connected to the second node, and a second
terminal electrically connected to the third node;

a third transistor including a gate terminal electrically
connected to the first node, a first terminal configured
to receive the first power signal, and a second terminal
electrically connected to the third node;

a storage capacitor including a first terminal configured to
receive the initialization signal and a second terminal
electrically connected to the first node; and
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an organic light emitting diode including an anode elec-
trically connected to the third node and a cathode
configured to receive the second power signal,

wherein the first control signal has a first rising edge time
and a first falling edge time in the data writing period,

wherein the first control signal has a second rising edge
time and a second falling edge time in the one or more
operating periods other than the data writing period,

wherein the second rising edge time is longer than the first
rising edge time,

wherein the second falling edge time is longer than the
first falling edge time, and

wherein the second control signal has the first rising edge
time and the first falling edge time.
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