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7) ABSTRACT

A display panel includes a plurality of pixels each including
a first transistor between a first node and a second node and
having a gate electrode to receive the scan signal, a second
transistor between the second node and a third node in series
with the first transistor and having a gate electrode to receive
the initialization control signal, a driving transistor between
the first power voltage providing line and the third node and
having a gate electrode connected to the first node, a third
transistor between the third node and a fourth node and
having a gate electrode to receive the emission control

G09G 3/3266 (2006.01) signal, an organic light emitting diode, between the fourth
G09G 3/3233 (2006.01) node and the second power voltage providing line, a first
G09IG 3/36 (2006.01) capacitor between the first power voltage providing line and
G09IG 3/3275 (2006.01) the first node, and a second capacitor between the second
HOIL 27/32 (2006.01) node and one of the data lines.
1}00
| oA,
121 e | cte
CONTROLLER DATA DRIVER —~—123 CTL4
CTLY DATA ’
120
SCAN GW, GG EM EMISSION
122 —
e DRIVER CONTROLLER
DISPLAY PANEL
) )
; POWER ELVDD,ELVSS 110 194
! SUPPLY
| 7

)
125



=

~

m STA)
S AddNS
M LA OLE SSATI QaAT3 H3IM0d
2 —— |

R

o

= ; TANVd AVTdS1Q

. HITTOH.LNOD Y31 HA
3 NOISSINA | | W3 55 ] nos [ ek [EIL0
S .

=

] Oc L — Xd

w

p—

ms 3 v1va 3 ) L1190

= ; ] HITI0H.LNOD
.m ain) gzl HIAIHA Y1V = T
= ‘Yival |

=

u L —

[~ ™ - -

=

S

= (

.w 001

& I

E

5

=™




Patent Application Publication  Aug. 15,2019 Sheet 2 of 8 US 2019/0251907 A1

FIG. 2

| 1FRANE
P1 P2 P3 P5

FIG. 3

ELVDD DATA }

N1 d[ ™

m_N 1
L]

N3

L
T T 1 b
el 6




US 2019/0251907 A1
P5

P4

Aug. 15,2019 Sheet 3 of 8
FIG. 4
P3
VH

P2 |

P1

VL

Patent Application Publication

ELVDD

ELVSS

GW

EM



Patent Application Publication  Aug. 15,2019 Sheet 4 of 8 US 2019/0251907 A1

FIG. 5A
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PIXEL AND ORGANIC LIGHT EMITTING
DISPLAY DEVICE HAVING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority to and the
benefit of Korean Patent Application No. 10-2018-0017475,
filed on Feb. 13, 2018 in the Korean Intellectual Property
Office (KTPO), the content of which is incorporated herein in
its entirety by reference.

BACKGROUND

1. Field

[0002] Aspects of some example embodiments relate gen-
erally to a pixel and an organic light emitting display device
having the same.

2. Description of the Related Art

[0003] Flatpanel display (FPD) devices are widely used as
a display device of electronic devices, because FPD devices
are relatively lightweight and thin compared to cathode-ray
tube (CRT) display devices. Examples of FPD devices are
liquid crystal display (LCD) devices, field emission display
(FED) devices, plasma display panel (PDP) devices, and
organic light emitting display (OLED) devices. OLED
devices have been spotlighted as next-generation display
devices because OLED devices have various advantages
such as a relatively wide viewing angle, a relatively rapid
response speed, a relatively thin thickness, relatively low
power consumption, etc.

[0004] A pixel of an OLED device emits light based on a
corresponding data voltage and includes a driving transistor
(e.g., a thin film transistor (TFT)) that controls a driving of
the pixel. Further, the pixel of the OLED device may include
additional components for compensating a threshold voltage
of the driving transistor and initializing an anode electrode
of an organic light emitting diode in order to improve a
display defect such as luminance unevenness.

[0005] The OLED device controlled by a progressive
emission method is sequentially driven in a row-by-row
basis to emit light. The OLED device controlled by a
simultaneous emission method emits light from all pixels
simultaneously.

[0006] In each pixel, a current leakage path flowing from
the driving transistor to the organic light emitting diode may
be generated during a data writing period when the OLED
is driven in the simultaneous emission method. As a result,
display defects (e.g., luminance unevenness, cross-talk, etc.)
may be visible.

[0007] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the invention and therefore it may contain
information that does not constitute prior art.

SUMMARY

[0008] Aspects of some example embodiments may
include a pixel capable of improving display quality by
eliminating a current leakage through a driving transistor
and emitting light in a progressive emission method.
[0009] Aspects of some example embodiments may
include an organic light emitting display device capable of
improving display quality.
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[0010] According to an aspect of some example embodi-
ments, an organic light emitting display device may include
a display panel including a plurality of pixels, a plurality of
scan lines, a plurality of data lines, a first power voltage
providing lines, a second power voltage providing lines, a
plurality of initialization control lines, an emission control
lines and a panel driver configured to provide a scan signal,
a data voltage, a first power voltage, a second power voltage,
an initialization control signal, and an emission control
signal to drive the pixels. Each of the pixels may include a
first transistor connected between a first node and a second
node and having a gate electrode to receive the scan signal,
a second transistor connected between the second node and
a third node in series with the first transistor and having a
gate electrode to receive the initialization control signal, a
driving transistor connected between the first power voltage
providing line and the third node and having a gate electrode
connected to the first node to control a driving current, a
third transistor connected between the third node and a
fourth node and having a gate electrode to receive the
emission control signal, an organic light emitting diode,
connected between the fourth node and the second power
voltage providing line, to emit light based on the driving
current, a first capacitor connected between the first power
voltage providing line and the first node, and a second
capacitor connected between the second node and one of the
data lines.

[0011] In some example embodiments, the display panel
may be to be driven in a frame which includes a first
initialization period to initialize the second node and the
fourth node, a second initialization period after the first
initialization period to initialize a gate voltage of the driving
transistor, a threshold voltage compensation period after the
second initialization period to compensate a threshold volt-
age of the driving transistor, a writing period after the
threshold voltage compensation period to sequentially write
data voltages, and an emission period after the writing
period in which the pixels are to sequentially emit light.

[0012] In some example embodiments, the driving tran-
sistor, the first transistor, the second transistor, and the third
transistor may be p-channel metal oxide semiconductor
(PMOS) transistors.

[0013] In some example embodiments, the first power
voltage may have one of a first voltage level and a second
voltage level less than the first voltage level, and the second
power voltage may have a constant voltage level.

[0014] In some example embodiments, the first power
voltage may have the second voltage level, the initialization
control signal may have a turn-on level, and the emission
control signal may have a turn-on level in the first initial-
ization period.

[0015] In some example embodiments, the first power
voltage may have the second voltage level, the scan signal
may have a turn-on level, the initialization control signal has
a turn-on level, and the emission control signal may have a
turn-on level in the second initialization period.

[0016] In some example embodiments, the first power
voltage may have the first voltage level, the scan signal may
have a turn-on level, and the initialization control signal may
have a turn-on level in the threshold voltage compensation
period.

[0017] In some example embodiments, the first power
voltage may have the first voltage level, and the scan signal



US 2019/0251907 A1

having a turn-on level may be sequentially provided to the
scan lines in order of pixel rows in the writing period.
[0018] In some example embodiments, the first power
voltage may have the first voltage level, and the emission
control signal having a turn-on level may be sequentially
provided to the emission control lines in order of pixel rows
in the emission period.

[0019] In some example embodiments, the driving tran-
sistor, the first transistor, the second transistor, and the third
transistor may be n-channel metal oxide semiconductor
(NMOS) transistors.

[0020] According to an aspect of some example embodi-
ments, a pixel of an organic light emitting display device
may include a first transistor connected between a first node
and a second node and having a gate electrode to receive a
scan signal, a second transistor connected between the
second node and a third node in series with the first transistor
and having a gate electrode to receive an initialization
control signal, a driving transistor connected between a first
power voltage providing line and the third node and having
a gate electrode connected to the first node to control a
driving current, a third transistor connected between the
third node and a fourth node and having a gate electrode to
receive an emission control signal, an organic light emitting
diode connected between the fourth node and a second
power voltage providing line to emit light based on the
driving current, a first capacitor connected between the first
power voltage providing line and the first node, and a second
capacitor connected between the second node and one of
data lines.

[0021] In some example embodiments, the display panel
may be to be driven in a frame which includes a first
initialization period to initialize the second node and the
fourth node, a second initialization period after the first
initialization period to initialize a driving voltage of the
driving transistor, a threshold voltage compensation period
after the second initialization period to compensate a thresh-
old voltage of the driving transistor, a writing period after
the threshold voltage compensation period to sequentially
write data voltages, and an emission period after the wiring
period in which the pixels are to sequentially emit light.
[0022] In some example embodiments, the first power
voltage may have one of a first voltage level and a second
voltage level less than the first voltage level, and the second
power voltage may have a constant voltage level.

[0023] In some example embodiments, the first power
voltage may have the second voltage level, the initialization
control signal may have a turn-on level, and the emission
control signal may have a turn-on level in the first initial-
ization period.

[0024] In some example embodiments, the first power
voltage may have the second voltage level, the scan signal
may have a turn-on level, the initialization control signal
may have a turn-on level, and the emission control signal
may have a turn-on level in the second initialization period.
[0025] In some example embodiments, the first power
voltage may have the first voltage level, the scan signal may
have a turn-on level, and the initialization control signal may
have a turn-on level in the threshold voltage compensation
period.

[0026] In some example embodiments, the first power
voltage may have the first voltage level, and the scan signal
having a turn-on level may be sequentially provided to the
scan lines in order of pixel row in the writing period.
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[0027] In some example embodiments, the first power
voltage may have the first voltage level, and the emission
control signal having a turn-on level may be sequentially
provided to the emission control lines in order of pixel rows
in the emission period.

[0028] In some example embodiments, the driving tran-
sistor, the first transistor, the second transistor, and the third
transistor may be p-channel metal oxide semiconductor
(PMOS) transistors.

[0029] In some example embodiments, the driving tran-
sistor, the first transistor, the second transistor, and the third
transistor may be n-channel metal oxide semiconductor
(NMOS) transistors.

[0030] Therefore, the pixel and the organic light emitting
display device according to some example embodiments
may include the first and second transistors connected in
series so that the initialization of the anode electrode of the
organic light emitting diode and the gate electrode of the
driving transistor and the compensation of the threshold
voltage may be stably performed. Further, the pixel and the
organic light emitting display device according to some
example embodiments may include the third transistor con-
nected between the driving transistor and the organic light
emitting diode and block a path of the leakage current of the
driving transistor in the writing period by turning off the
second transistor and the third transistor, so that the fluc-
tuation of the anode voltage of the organic light emitting
diode may be prevented. Further, the pixel and the organic
light emitting display device according to some example
embodiments may perform the progressive emission method
in the emission period by sequentially turning on the third
transistor, so that the fluctuation of the anode voltage of the
organic light emitting diode due to the leakage current of the
driving transistor. Thus, the display defect such as the
luminance unevenness may be prevented or reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] Illustrative, non-limiting example embodiments
will be more clearly understood from the following detailed
description taken in conjunction with the accompanying
drawings.

[0032] FIG. 1 is a block diagram illustrating an organic
light emitting display device according to some example
embodiments.

[0033] FIG. 2 is a diagram illustrating for describing an
operation of the organic light emitting display device of FIG.
1.

[0034] FIG. 3 is a circuit diagram illustrating an example
of a pixel included in the organic light emitting display
device of FIG. 1.

[0035] FIG. 4 is a timing diagram illustrating an example
of the operation of the pixel of FIG. 3.

[0036] FIGS. 5A and 5E are circuit diagrams illustrating
for an operation of the pixel of FIG. 3.

[0037] FIG. 6 is a circuit diagram illustrating other
example of the pixel included in the organic light emitting
display device of FIG. 1.

[0038] FIG. 7 is a block diagram illustrating an electronic
device that includes the organic light emitting display device
of FIG. 1.

[0039] FIG. 8 is a diagram illustrating an example of the
electronic device of FIG. 7 implemented in a head mount
display.
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DETAILED DESCRIPTION

[0040] Hereinafter, aspects of some example embodi-
ments of the present inventive concept will be explained in
more detail with reference to the accompanying drawings.
[0041] FIG. 1 is a block diagram illustrating an organic
light emitting display device according to some example
embodiments and FIG. 2 is a diagram illustrating for
describing an operation of the organic light emitting display
device of FIG. 1.

[0042] Referring to FIG. 1, an organic light emitting
display device 100 may include a display panel 110 and a
panel driver 120.

[0043] The display panel 110 may include a plurality of
pixels PX, a plurality of scan lines, a plurality of data liens,
a plurality of first power voltage providing lines, a plurality
of second power voltage providing lines, a plurality of
initialization control lines, and a plurality of emission con-
trol lines.

[0044] Each of the pixels PX (illustrated in more detail in
FIG. 3) may include a first transistor connected between a
first node and a second node and having a gate electrode to
receive a scan signal GW, a second transistor connected
between the second node and a third node in series with the
first transistor and having a gate electrode to receive an
initialization control signal GC, a driving transistor con-
nected between a first power voltage providing line and the
third node and having a gate electrode connected to the first
node to control a driving current, a third transistor connected
between the third node and a fourth node and having a gate
electrode to receive an emission control signal EM, an
organic light emitting diode connected between the fourth
node and a second power voltage providing line to emit light
based on the driving current, a first capacitor connected
between the first power voltage providing line and the first
node, and a second capacitor connected between the second
node and the data line.

[0045] In some example embodiments, the organic light
emitting display device 100 may driven based on a frame
which include a first initialization period P1 to initialize the
second node and the fourth node, a second initialization
period P2 to initialize a gate voltage of the driving transistor,
a threshold voltage compensation period P3 to compensate
a threshold voltage of the driving transistor, a writing period
P4 to sequentially write data voltages, and an emission
period P5 in which the pixels PX sequentially emit light.
[0046] Referring to FIG. 2, the pixel PX of the organic
light emitting display device 100 may simultaneously (or
concurrently) initialize an anode electrode of the organic
light emitting diodes during the first initialization period P1,
simultaneously (or concurrently) initialize the gate voltage
of the driving transistor during the second initialization
period P2, and simultaneously (or concurrently) initialize
the threshold voltage of the driving transistor during the
threshold voltage compensation period P3. Further, the
organic light emitting display device 100 may sequentially
write the data voltage DATA in order of pixel rows in the
writing period P4 and sequentially emit light the pixels PX
in order of the pixel rows in the emission period P5. Times
from the threshold voltage compensation period P3 to the
writing period P4 may be different by the pixel rows because
the data voltage DATA is sequentially provided to the pixels
rows during the writing period P4. The pixel PX of the
organic light emitting display device 100 according to some
example embodiments may prevent or reduce instances of a
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leakage current flowing from the driving transistor to the
organic light emitting diode during the writing period P4 by
electrically separating the gate electrode of the driving
transistor and an anode electrode of the organic light emit-
ting diode. Further, the pixel PX of the organic light emitting
display device 100 according to some example embodiments
may prevent or reduce instances of a change of the data
voltage DATA from the writing period P4 to the emission
period P5 by performing a progressive emission method that
sequentially emits pixels PX in a row-by-row with the third
transistor connected between the driving transistor and the
organic light emitting diode.

[0047] The panel driver 120 may drive the scan lines, the
data lines, the initialization control lines, and the emission
control lines coupled to the display panel 110, and provide
a first power voltage ELVDD and a second power voltage
ELVSS to the display panel 110. The panel driver 120 may
include a timing controller 121, a scan driver 122, a data
driver 123, an emission controller 124, and a power supply
125.

[0048] The timing controller 121 may control the scan
driver 122, the data driver 123, the emission controller 124,
and the power supply 125. The timing controller 121 may
provide a first control signal CTL1, a second control signal
CTL2, a third control signal CTL3, and a fourth control
signal CT14 to each of the scan driver 122, the data driver
123, the emission controller 124, and the power supply 125.
In some example embodiments, the timing controller 121
may receive a RGB image signal, a vertical synchronization
signal, a horizontal synchronization signal, a main clock
signal, and a data enable signal from an external device (e.g,,
a graph controller) and may generate the first through fourth
control signals CTL1, CTL2,CTL3, and CTL4 and an image
signal IDATA corresponding to the RGB image signal based
on the signals provided from the external device.

[0049] The scan driver 122 may provide the scan signal
GW and an initialization control signal GC to the scan liens
based on the first control signal CTL1. In some example
embodiments, the scan driver 122 may simultaneously out-
put the scan signal GW having a turn-on level to the scan
lines during the second initialization period P2 and the
threshold voltage compensation period P3. Here, the turn-on
level is a voltage level of the scan signal GW to turn on the
transistor to which the scan signal GW is applied. In some
example embodiments, in case that the transistor to which
the scan signal GW is applied is a p-channel metal oxide
semiconductor (PMOS) transistor, the turn-on level may
have a low level. In other example embodiments, in case that
the transistor to which the scan signal GW is applied in an
n-channel metal oxide semiconductor (NMOS) transistor,
the turn-on level may have a high level. Accordingly, the
gate voltage of the driving transistor of all the pixels PX may
be initialized to a certain voltage level and the threshold
voltage of the driving transistor may be compensated. In
some example embodiments, the scan driver 122 may
sequentially provide the scan signal GW having the turn-on
level to the scan lines corresponding to the pixel rows during
the writing period P4.

[0050] Insome example embodiments, the scan driver 122
may simultaneously (or concurrently) output the initializa-
tion control signal GC having a turn-on level to the initial-
ization control lines during the first initialization period P1,
the second initialization period P2, and the threshold voltage
compensation period P3. Here, the turn-on level is a voltage
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level of the initialization control signal GC to turn on the
transistor to which the initialization control signal GC is
applied. Accordingly, the anode electrode of the organic
light emitting diode of and the gate voltage of the driving
transistor of all the pixels PX may be initialized to a certain
voltage level and the threshold voltage of the driving tran-
sistor may be compensated.

[0051] Although the scan driver 122 which generates the
scan signal GW and the initialization control signal GC is
described in FIG. 1, the scan driver 122 of the organic light
emitting display devic3 100 is not limited thereto. For
example, the organic light emitting display device 100 may
further include an initialization driver that generates the
initialization control signal GC.

[0052] The data driver 123 may generate the data voltage
DATA based on the second control signal CTL2 and the
image data DATA received from the timing controller 121.
The data driver 123 may provide the data voltage DATA to
the pixels PX through the data liens during the writing
period P4.

[0053] The emission controller 124 may provide the emis-
sion control signal EM to the emission control lines based on
the third control signal CTL3. In some example embodi-
ments, the emission controller 125 may simultaneously (or
concurrently) output he emission control signal EM having
a turn-on level to the emission control lines during the first
initialization period P1 and the second initialization period
P2. Here, the turn-on level is a voltage level of the emission
control signal EM to turn on the transistor to which the
emission control signal EM is applied. Accordingly, the
anode electrode of the organic light emitting diode of and the
gate voltage of the driving transistor of all the pixels PX may
be initialized to a certain voltage level. In some example
embodiments, the emission controller 124 may sequentially
provide the emission control signal EM having the turn-on
level to the emission control liens corresponding to the pixel
rows during the emission period P5.

[0054] The power supply 125 may provide the first power
voltage ELVDD and the second power voltage ELVSS to the
display panel 110. The first power voltage ELVDD may have
one of a first voltage level and a second voltage level. In
some example embodiments, the second voltage level may
less than the first voltage level. In some example embodi-
ments, the power supply 125 may provide the first power
voltage ELVDD having the second voltage level during the
first initialization period P1 and the second initialization
period P2 and provide the first power voltage ELVDD
having the first voltage level during the threshold voltage
compensation period P3, the writing period P4, and the
emission period P5 when the driving transistor is the p-chan-
nel metal oxide semiconductor transistor. Accordingly, the
first power voltage ELVDD may have less voltage level than
the second power voltage ELVSS in the first initialization
period P1 and the second initialization period P2, so that
unintended emission of the organic light emitting diode due
to current leakage at the driving transistor and/or an increase
of an anode voltage of the organic light emitting diode may
be prevented. The second voltage level may be a less level
than the second power voltage ELVSS. Further, the second
transistor and third transistor may turn off and the driving
transistor and the organic light emitting diode may not be
connected in the threshold compensation period P3 and the
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writing period P4, so that the emission may be prevented
although the first power voltage ELVDD have the first
voltage level.

[0055] The second power voltage ELVSS may have a
predetermined constant voltage level. That is, the second
power voltage ELVSS have a direct current (DC) voltage.
For example, the second power voltage ELVSS may be a
ground voltage or a predetermined negative voltage.
[0056] In the first initialization period P1, the first power
voltage ELVDD may have the second voltage level, and the
initialization control signal GC and the emission control
signal EM may have the turn-on level. Thus, the anode
voltage of the organic light emitting diode may be initialized
to the first power voltage ELVDD having the second voltage
level.

[0057] In the second initialization period P2, the first
power voltage ELVDD may have the second voltage level,
and the scan signal GW, the initialization control signal GC,
and the emission control signal EM may have the turn-on
level. Thus, the gate voltage of the driving transistor and the
anode voltage of the organic light emitting diode in each of
the pixels PX may be initialized to a sum of the first power
voltage ELVDD having the second voltage level and the
threshold voltage of the driving transistor.

[0058] In the threshold voltage compensation period P3,
the first power voltage ELVDD may have the first voltage
level, and the scan signal GW and the initialization control
signal GC may have the turn-on level. Thus, the gate voltage
of the driving transistor and the anode voltage of the organic
light emitting diode in each of the pixels PX may be
compensated with a sum of the first power voltage ELVDD
having the first voltage level and the threshold voltage of the
driving transistor.

[0059] In the writing period P4, the first power voltage
ELVDD may have the first voltage level, and the scan signal
having the turn-on level may be sequentially provided to the
scan lines in order of pixel rows. Thus, the data voltage
DATA may be sequentially written on the pixel row through
the data lines.

[0060] In the emission period P5, the first power voltage
ELVDD may have the first voltage level, and the emission
control signal EM having the turn-on level may be sequen-
tially provided to the emission control lines in order of the
pixel rows. Thus, the pixels PX may sequentially emit light
based on the respective data voltages DATA in order of the
pixel row.

[0061] As described above, the organic light emitting
display device 100 according to some example embodiments
may perform the progressive emission method that sequen-
tially emits the pixels PX having 4T2C (4 transistors and 2
capacitors) pixel structure. The pixels PX may block the
path of the leakage current at the driving transistor during
the writing period P4 and perform the sequentially emission
during the emission period P5, so that a change of the
driving current of the driving transistor due to the current
leakage at the driving transistor and/or the change of the data
voltage DATA may be prevented or reduced.

[0062] FIG. 3 is a circuit diagram illustrating an example
of a pixel included in the organic light emitting display
device of FIG. 1.

[0063] Referring to FIG. 3, the pixel PX may include a
first transistor T1, a second transistor T2, a third transistor
T3, a driving transistor TD, a first capacitor C1, a second
capacitor C2, and an organic light emitting diode EL. In
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some example embodiments, the pixel PX may be included
in the organic light emitting display device that is driven in
the progressive emission method.

[0064] The first transistor T1 may be connected between a
first node N1 and a second node N2. The first transistor T1
may include the gate electrode configured to receive the scan
signal GW. The first transistor T1 may include a first
electrode, the gate electrode, and a second electrode. In
some embodiments, the first electrode of the first transistor
T1 may correspond to the first node N1, the second electrode
of the first transistor T2 may correspond to the second node
N2, and the gate electrode may be connected with the scan
line. The first transistor T1 may turn on in response to the
scan signal GW having the turn-on level. The first node N1
and the second node N2 may be electrically coupled when
the first transistor T1 turns on. The first transistor T1 may
turn on in the second initialization period P2 and the
threshold voltage compensation period P3 and may electri-
cally couple the gate electrode (e.g., the first node N1) and
the second electrode of the driving transistor TD. Further,
the first transistor T1 may turn on in the writing period P4
and transfer the data voltage DATA to the gate electrode of
the driving transistor TD.

[0065] The second transistor T2 may be connected to the
first transistor T1 in series. The second transistor T2 may be
connected between the second node N2 and third node N3.
The second transistor may include the gate electrode con-
figured to receive the initialization control signal GC. The
second transistor T2 may include a first electrode, the gate
electrode, and a second electrode. In some example embodi-
ments, the first electrode of the second transistor T2 may
correspond to the second node N2 the second electrode of
the second transistor T2 may correspond to the third nod
eN3, and the gate electrode of the second transistor T2 may
be connected with the initialization control line. The second
transistor T2 may turn on in response to the initialization
signal GC having the turn-on level. The second node N2 and
the third node N3 may be electrically coupled when the
second transistor T2 turns on. The second transistor T2 may
turn on in the first initialization period P1 and electrically
couple an anode electrode of the organic light emitting diode
EL and the data line DL. The second transistor T2 may turn
on in the second initialization period P2 and the threshold
voltage compensation period P3 and electrically couple the
gate electrode (e.g., the first node N1) and the second
electrode of the driving transistor with the first transistor T1.

[0066] The third transistor T3 may be connected between
the third node N3 and the fourth node N4. The third
transistor T3 may include a gate electrode configured to
receive the gate electrode. The third transistor T3 may
include a first electrode, the gate electrode, and a second
electrode. The first electrode of the third transistor T3 may
correspond to a fourth node N4, the second electrode of the
third transistor T3 may correspond to the third node N3, and
the gate electrode may be coupled to the emission control
line. The third transistor may turn on in response to the
emission control signal EM having the turn-on level. The
fourth node N4 (e.g., the anode electrode of the organic light
emitting diode EL) and the third node N3 may be electrically
coupled when the third transistor T3 turns on. The third
transistor may turn on in the first initialization period P1 and
the second initialization period P2 and transfer a voltage of
the third node N3 to the fourth node N4 (e.g., the anode
electrode of the organic light emitting diode EL).
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[0067] The driving transistor TD may be connected
between the first power voltage providing line and the third
node N3. The driving transistor TD may include a gate
electrode connected to the first node N1 and control the
driving current. The driving transistor may include a first
electrode, the gate electrode, and a second electrode. For
example, the first electrode may be a drain electrode and the
second electrode may be a source electrode. In some
example embodiments, the gate electrode of the driving
transistor TD may correspond to the first node N1, the
second electrode may correspond to the third node N3. An
emission luminance of the organic light emitting diode EL
may be determined by the driving current flowing through
the driving transistor TD.

[0068] The first capacitor C1 may be connected between
the first power voltage providing line and the first node N1.
The second capacitor C2 may be connected between the
second node N2 and the data line DL. A gate voltage of the
driving transistor TD may be determined in the writing
period P4 by the voltage stored in the first and the second
capacitor C1 and C2.

[0069] The organic light emitting diode EL, may be con-
nected between the fourth node N4 and the second power
voltage providing line. The organic light emitting diode EL
may emit light based on the driving current. In some
example embodiments, the anode electrode of the third node
N3 may correspond to the anode electrode of the organic
light emitting diode EL.

[0070] The pixel PX that includes the first transistor T1,
the second transistor T2, the third transistor T3, and the
driving transistor TD implemented as p-channel metal oxide
semiconductor (PMOS) transistors is described in FIG. 3,
the first transistor T1, the second transistor 12, the third
transistor T3, and the driving transistor TD of the pixel PX
is not limited thereto. In some example embodiments, the
first transistor T1, the second transistor T2, the third tran-
sistor T3, and the driving transistor TD may be implemented
as an n-channel metal oxide semiconductor (NMOS) tran-
sistors. Alternatively, the first transistor T1, the second
transistor T2, the third transistor T3, and the driving tran-
sistor TD may be implemented as a low temperature poly
silicon (LTPS) thin film transistor, a oxide thin film transis-
tor, or/and a low temperature polycrystalline oxide (LTPO)
thin film transistor.

[0071] FIG. 4 is a timing diagram illustrating an example
of the operation of the pixel of FIG. 3 and FIGS. 5A and 5E
are circuit diagrams illustrating for an operation of the pixel
of FIG. 3.

[0072] Referring to FIG. 4, a frame period may include a
first initialization period P1, a second initialization period
P2, a threshold voltage compensation period P3, a writing
period P3, and an emission period P5.

[0073] Referring to FIGS. 4 and 5A, in the first initializa-
tion period P1, the first power voltage ELVDD may have the
second voltage level VL, the initialization control signal GC
and the emission control signal EM may have the turn-on
level, and the scan signal GW may have the turn-off level.
Accordingly, the second transistor T2 may turn on and the
second node N2 and the third node N3 may be connected.
The third transistor T3 may turn on and the third node N3
and the fourth node N4 may be connected. Therefore, the
second node N2, the third node N3, and the fourth node N3
may have the second voltage level VL. That is, the anode
electrode of the organic light emitting diode EL may be
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initialized to the first power voltage ELVDD having the
second voltage level VL. Here, a residue voltage due to an
emission in a previous frame may remain in the first node N1
(i.e., the gate voltage of the driving transistor TD).

[0074] Referring to FIGS. 4 and 5B, in the second initial-
ization period P2, the first power voltage ELVDD may have
the second voltage level VL, and the scan signal GW, the
initialization control signal and the emission control signal
EM may have the turn-on level. Accordingly, the first
transistor T1 may turn on and the first node N1 and the
second node N2 may be connected. The second transistor T2
may turn on and the second node N2 and the third node N3
may be connected. The third transistor T3 may turn on and
the third node N3 and the fourth node N4 may be connected.
The gate electrode and the source electrode (e.g., the second
electrode) of the driving transistor TD may be connected as
the first node N1, the second node N2, and the third node N3
are connected. That is, the driving transistor TD may be
diode-connected. The voltage of the first node N1, the
voltage of the second node N2, and the voltage of the third
node N3 may be have a value corresponding to a sum of the
second voltage level VL and the threshold voltage of the
driving transistor TD (e.g., represented as VL+Vth). That is,
the anode voltage of the organic light emitting diode EL and
the gate voltage of the driving transistor TD may be initial-
ized to the VL+Vth.

[0075] Referring to FIGS. 4 and 5C, in the threshold
voltage compensation period P3, the first power voltage
ELVDD may have the first voltage level VH, the scan signal
GW, the initialization control signal GC may have the
turn-on level, and the emission control signal EM may have
the turn-off level. Accordingly, the first transistor T1 may
turn on and the first node N1 and the second node N2 may
be connected. The second transistor T2 may turn on and the
second node N2 and the third node N3 may be connected.
Thus, the driving transistor TD may maintain the diode-
connected state, and the voltage of the first node N1, the
voltage of the second node N2, and the voltage of the third
node N3 may be changed to the sum of the first voltage level
VH and the threshold voltage of the driving transistor TD
(i.e., VH+Vth). Therefore, the first capacitor C1 may store
the threshold voltage of the driving transistor TD.

[0076] Referring to FIGS. 4 and 5D, in the writing period
P4, the first power voltage ELVDD may have the first
voltage level VH, the scan signal GW may have the turn-on
level, and the initialization control signal GC and the emis-
sion control signal EM may have the turn-off level. Accord-
ingly, the first transistor T1 may turn on and the first node N1
and the second node N2 may be connected when the data
voltage is written. Thus, the data voltage DATA provided
through the data line DL may be stored in the first capacitor
C1 and the second capacitor C2. The first capacitor C1 and
the second capacitor C2 may store the data voltage DATA by
charge sharing based on a capacitance ratio of the first
capacitor C1 and the second capacitor C2. The data voltage
DATA to which the threshold voltage is compensated may be
stored in the first capacitor C1 during the writing period P4
because the threshold voltage is stored in the first capacitor
C1 during the threshold voltage compensation period P3. A
wiring time of the pixel row may be different from each
other because the data voltage DATA is written in a row-
by-row during the writing period P4. The pixel PX of the
organic light emitting display device according to example
embodiments may prevent a fluctuation of the anode voltage
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of the organic light emitting diode EL due to the leakage
current of the driving transistor TD by turning off the second
transistor T2 and the third transistor T3 during the writing
period P4. Thus, the display defect such as luminance
unevenness due to the leakage current may be improved or
prevented.

[0077] Referring to FIGS. 4 and 5E, in the emission period
P5, the first power voltage ELVDD may have the first
voltage level VH, the emission control signal EM may have
the turn-on level, and the scan signal GW and the initial-
ization control signal GC may have the turn-off level.
Accordingly, the third transistor may turn on and the third
node N3 and the fourth node N4 may be connected. Thus,
the driving current generated based on the data voltage
DATA may flow to the anode electrode of the organic light
emitting diode EL through the third transistor T3. The
organic light emitting diode EL may emit light in the
luminance corresponding to the data voltage DATA. In case
that the organic light emitting display device driven in the
simultaneous emission method, the data voltage DATA
stored in the capacitor may be changed because the times
from the writing period P5 to the emission period Pé are
different in order of pixel rows. Thus, in case that the organic
light emitting display device driven in the simultaneous
emission method, the anode voltage of the organic light
emitting diode EL. may be changed due to the fluctuation of
the data voltage DATA stored in the capacitor or the leakage
of the driving transistor TD. However, the organic light
emitting display device according to example embodiments
may be driven in the progressive emission method that
sequentially emit the pixels in the row-by-row as the data
voltage DATA is written to the pixel PX, so that the change
of the anode voltage of the organic light emitting diode EL
due to the fluctuation of the data voltage DATA or the
leakage current of the driving transistor TD may be pre-
vented.

[0078] As described above, the pixel PX and the organic
light emitting display device according to some example
embodiments may separate the first node N1 and the third
node N3 in the writing period P4 by connecting the first
transistor T1 controlled by the scan signal GW and the
second transistor T2 controlled by the initialization control
signal GC in series. Further, the pixel PX and the organic
light emitting display device according to example embodi-
ments may use the progressive emission method by includ-
ing the third transistor T3 connected between the driving
transistor TD and the organic light emitting diode EL, and
controlled by the emission control signal. Thus, the leakage
current from the driving transistor TD to the organic light
emitting diode ELL may be prevented in the writing period
P4.

[0079] FIG. 6 is a circuit diagram illustrating another
example of the pixel included in the organic light emitting
display device of FIG. 1.

[0080] Referring to FIG. 6, a pixel PX may include a first
transistor T1, a second transistor T2, a third transistor T3, a
driving transistor TD, a first capacitor C1, a second capacitor
C2, and an organic light emitting diode EL.

[0081] The pixel PX in which the first capacitor C1 is
connected to the first power voltage providing line is
described in FIG. 3, the pixel PX of FIG. 6 may include the
first capacitor C1 connected with an initialization voltage
providing line. The anode electrode of the organic light
emitting diode EL and the gate electrode of the driving
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transistor TD may be initialized to the initialization voltage
provided through the initialization voltage providing line.
[0082] FIG. 7 is a block diagram illustrating an electronic
device that includes the organic light emitting display device
of FIG. 1 and FIG. 8 is a diagram illustrating an example of
the electronic device of FIG. 7 implemented in a head mount
display.

[0083] Referring to FIGS. 7 and 8, an electronic device
200 may include a processor 210, a memory device 220, a
storage device 230, an input/output (“1/0”) device 240, a
power device 250, and a display device 260. Here, the
display device 260 may correspond to the display device 100
of FIG. 1. In addition, the electronic device 200 may further
include a plurality of ports for communicating a video card,
a sound card, a memory card, a universal serial bus (“USB”)
device, other electronic device, etc. Although it is illustrated
in FIGS. 7 and 8 that the electronic device 200 is imple-
mented as a head mount display 300, a kind of the electronic
device 200 is not limited thereto.

[0084] The processor 210 may perform various computing
functions. In an exemplary embodiment, the processor 210
may be a micro processor, a central processing unit
(“CPU”), etc. In an exemplary embodiment, the processor
210 may be coupled to other components via an address bus,
a control bus, a data bus, etc. In an exemplary embodiment,
the processor 210 may be coupled to an extended bus such
as surrounded component interconnect (“PCI”) bus, for
example. The memory device 220 may store data for opera-
tions of the electronic device 200. In an exemplary embodi-
ment, the memory device 220 may include at least one
non-volatile memory device such as an erasable program-
mable read-only memory (“EPROM”) device, an electri-
cally erasable programmable read-only memory (“EE-
PROM”) 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 (“PoRAM”) 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., for
example. The storage device 230 may be a solid stage drive
(“SSD”) device, a hard disk drive (“HDD”) device, a CD-
ROM device, etc.

[0085] The I/O device 240 may be an input device such as
a keyboard, a keypad, a touchpad, a touch-screen, a mouse,
etc., and an output device such as a printer, a speaker, etc. In
some exemplary embodiments, the display device 260 may
be included in the I/O device 240. The power device 250
may provide a power for operations of the electronic device
200. The display device 260 may communicate with other
components via the buses or other communication links.
According to some example embodiments, the display
device 260 may be included in the I/O device 240.

[0086] As described above, the display device 260 may
include a display panel and a panel driver. The display panel
may include a plurality of pixels. The display panel may
include a plurality of scan lines, a plurality of data lines, a
plurality of first power voltage providing lines, a plurality of
second power voltage providing lines, a plurality of initial-
ization control lines, and a plurality of emission control
lines. Each of the pixels may include a first transistor
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connected between a first node and a second node and
having a gate electrode configured to receive a scan signal,
a second transistor connected between the second node and
a third node in series with the first transistor and having a
gate electrode configured to receive an initialization control
signal, a driving transistor connected between the first power
voltage providing line and the third node and having a gate
electrode connected to the first node to control a driving
current, a third transistor connected between the third node
and the fourth node and having a gate electrode configured
to receive the emission control signal, the organic light
emitting diode connected between the fourth node and the
second power voltage providing line to emit light based on
the driving current, a first capacitor connected between the
first power voltage providing line and the first node, and the
second capacitor connected between the first capacitor and
the second node. The display device may be driven in a first
initialization period during which the second node and the
fourth node are initialized, a second initialization period
during which a gate voltage of the driving transistor is
initialized, a threshold voltage compensation period during
which a threshold voltage of the driving transistor is com-
pensated, a writing period during which data voltages are
sequentially written in the pixels, and an emission period
during which the pixels are sequentially emit light in a frame
period.

[0087] As described above, the pixel of the display device
260 included in the electronic device 200 may include the
first and second transistors connected in series and the third
transistor connected between the driving transistor and the
organic light emitting diode to be controlled by the emission
control signal, so that the driving transistor and the organic
light emitting diode may be electrically separated during the
writing period. Further, the third transistors of the pixels
may sequentially turn on and the driving current may flow
through the organic light emitting diode during the emission
period, so that the display device 260 may perform the
progressive emission method. Thus, the display defect such
as the luminance unevenness between pixels may be pre-
vented by preventing the fluctuation of the anode voltage of
the organic light emitting diode due to the leakage current of
the driving transistor.

[0088] The present embodiments may be applied to any
display device and any system including the display device.
For example, the present embodiments may be applied to a
HMD device, a television, a computer monitor, a laptop, a
digital camera, a cellular phone, a smart phone, a smart pad,
a personal digital assistant (PDA), a portable multimedia
player (PMP), a MP3 player, a navigation system, a game
console, a video phone, etc.

[0089] 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
modifications are possible in the example embodiments
without materially departing from the novel teachings and
advantages of the present inventive concept. 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 modifications to the disclosed example
embodiments, as well as other example embodiments, are
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intended to be included within the scope of the appended
claims. The inventive concept is defined by the following
claims, with equivalents of the claims to be included therein.

What is claimed is:

1. An organic light emitting display device comprising:

a display panel including a plurality of pixels, a plurality
of scan lines, a plurality of data lines, a first power
voltage providing line, a second power voltage provid-
ing line, a plurality of initialization control lines, an
emission control lines; and

a panel driver configured to provide a scan signal, a data
voltage, a first power voltage, a second power voltage,
an initialization control signal, and an emission control
signal to drive the pixels,

wherein each of the pixels includes:

a first transistor connected between a first node and a
second node and having a gate electrode to receive the
scan signal;

a second transistor connected between the second node
and a third node in series with the first transistor and
having a gate electrode to receive the initialization
control signal;

a driving transistor connected between the first power
voltage providing line and the third node and having a
gate electrode connected to the first node to control a
driving current;

a third transistor connected between the third node and a
fourth node and having a gate electrode to receive the
emission control signal;

an organic light emitting diode, connected between the
fourth node and the second power voltage providing
line, to emit light based on the driving current;

a first capacitor connected between the first power voltage
providing line and the first node; and

a second capacitor connected between the second node
and one of the data lines.

2. The organic light emitting display device of claim 1,
wherein the display panel is to be driven in a frame which
includes:

a first initialization period to initialize the second node

and the fourth node,

a second initialization period after the first initialization
period to initialize a gate voltage of the driving tran-
sistor,

a threshold voltage compensation period after the second
initialization period to compensate a threshold voltage
of the driving transistor,

a writing period after the threshold voltage compensation
period to sequentially write data voltages, and

an emission period after the writing period in which the
pixels are to sequentially emit light.

3. The organic light emitting display device of claim 1,
wherein the driving transistor, the first transistor, the second
transistor, and the third transistor are p-channel metal oxide
semiconductor (PMOS) transistors.

4. The organic light emitting display device of claim 3,
wherein the first power voltage has one of a first voltage
level and a second voltage level less than the first voltage
level, and

wherein the second power voltage has a constant voltage
level.

5. The organic light emitting display device of claim 4,

wherein the first power voltage has the second voltage level,
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the initialization control signal has a turn-on level, and the
emission control signal has a turn-on level in the first
initialization period.

6. The organic light emitting display device of claim 4,
wherein the first power voltage has the second voltage level,
the scan signal has a turn-on level, the initialization control
signal has a turn-on level, and the emission control signal
has a turn-on level in the second initialization period.

7. The organic light emitting display device of claim 4,
wherein the first power voltage has the first voltage level, the
scan signal has a turn-on level, and the initialization control
signal has a tum-on level in the threshold voltage compen-
sation period.

8. The organic light emitting display device of claim 4,
wherein the first power voltage has the first voltage level,
and the scan signal having a turn-on level is sequentially
provided to the scan lines in order of pixel rows in the
writing period.

9. The organic light emitting display device of claim 4,
wherein the first power voltage has the first voltage level,
and the emission control signal having a turn-on level is
sequentially provided to the emission control lines in order
of pixel rows in the emission period.

10. The organic light display device of claim 1, wherein
the driving transistor, the first transistor, the second transis-
tor, and the third transistor are n-channel metal oxide semi-
conductor (NMOS) transistors.

11. A pixel of an organic light emitting display device
comprising:

a first transistor connected between a first node and a
second node and having a gate electrode to receive a
scan signal;

a second transistor connected between the second node
and a third node in series with the first transistor and
having a gate electrode to receive an initialization
control signal;

a driving transistor connected between a first power
voltage providing line and the third node and having a
gate electrode connected to the first node to control a
driving current;

a third transistor connected between the third node and a
fourth node and having a gate electrode to receive an
emission comntrol signal;

an organic light emitting diode connected between the
fourth node and a second power voltage providing line
to emit light based on the driving current;

a first capacitor connected between the first power voltage
providing line and the first node; and

a second capacitor connected between the second node
and one of data lines.

12. The pixel of claim 11, wherein the display panel is to

be driven in a frame which includes:

a first initialization period to initialize the second node
and the fourth node,

a second initialization period after the first initialization
period to initialize a driving voltage of the driving
transistor,

a threshold voltage compensation period after the second
initialization period to compensate a threshold voltage
of the driving transistor,

a writing period after the threshold voltage compensation
period to sequentially write data voltages, and

an emission period after the wiring period in which the
pixels are to sequentially emit light.
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13. The pixel of claim 12, wherein the first power voltage
has one of a first voltage level and a second voltage level less
than the first voltage level, and

wherein the second power voltage has a constant voltage

level.

14. The pixel of claim 13, wherein the first power voltage
has the second voltage level, the initialization control signal
has a turn-on level, and the emission control signal has a
turn-on level in the first initialization period.

15. The pixel of claim 13, wherein the first power voltage
has the second voltage level, the scan signal has a turn-on
level, the initialization control signal has a turn-on level, and
the emission control signal has a turn-on level in the second
initialization period.

16. The pixel of claim 13, wherein the first power voltage
has the first voltage level, the scan signal has a tum-on level,
and the initialization control signal has a turn-on level in the
threshold voltage compensation period.
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17. The pixel of claim 13, wherein the first power voltage
has the first voltage level, and the scan signal having a
turn-on level is sequentially provided to the scan lines in
order of pixel row in the writing period.

18. The pixel of claim 13, wherein the first power voltage
has the first voltage level, and the emission control signal
having a turn-on level is sequentially provided to the emis-
sion control lines in order of pixel rows in the emission
period.

19. The pixel of claim 11, wherein the driving transistor,
the first transistor, the second transistor, and the third tran-
sistor are p-channel metal oxide semiconductor (PMOS)
transistors.

20. The pixel of claim 11, wherein the driving transistor,
the first transistor, the second transistor, and the third tran-
sistor are n-channel metal oxide semiconductor (NMOS)
transistors.
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