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(57) ABSTRACT

A pixel circuit includes an organic light emitting diode
including an anode and a cathode connected to a low power
voltage, a first transistor including a gate electrode, a first
electrode connected to a high power voltage, and a second
electrode connected to the anode, a storage capacitor con-
nected between the high power voltage and the gate elec-
trode of the first transistor, a second transistor including a
first electrode which receives a data signal corresponding to
an emission sustaining voltage or an emission finishing
voltage, a second electrode connected to the gate electrode
of the first transistor, and a gate electrode which receives an
erase scan signal, and a third transistor including a first
electrode connected to an emission starting voltage, a sec-
ond electrode connected to the gate electrode of the first

G09G 3/3291 (2006.01) transistor, and a gate electrode which receives a write scan
G09G 3/3266 (2006.01) signal.
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PIXEL CIRCUIT AND ORGANIC LIGHT
EMITTING DISPLAY DEVICE INCLUDING
THE SAME

[0001] This application claims priority to Korean Patent
Application No. 10-2015-0138872, filed on Oct. 2, 2015,
and all the benefits accruing therefrom under 35 U.S.C.
§119, the content of which in its entirety is herein incorpo-
rated by reference.

BACKGROUND

[0002] 1. Field

[0003] Exemplary embodiments relate generally to a dis-
play device. More particularly, embodiments of the inven-
tive concept relate to a pixel circuit having an organic light
emitting diode and an organic light emitting display device
including the pixel circuit.

[0004] 2. Description of the Related Art

[0005] Recently, an organic light emitting display device
is typically driven by an analog driving technique that
implements (i.e., displays) a specific gray-scale based on a
voltage stored in a storage capacitor of each pixel circuit or
by a digital driving technique that divides one frame into a
plurality of sub-frames and implements a specific gray-scale
based on a sum of emission times of the sub-frames.
Generally, the digital driving technique controls a driving
transistor of each pixel circuit to operate in a non-saturation
region. Thus, when the organic light emitting display device
is driven by the digital driving technique, an internal com-
pensation circuit for compensating threshold voltage devia-
tion may not be used because an operational change due to
the threshold voltage deviation is relatively low, and power
consumption of the organic light emitting display device is
relatively low because a driving voltage applied to the
driving transistor is relatively low.

SUMMARY

[0006] The digital driving technique controls a maximum
current to flow through the organic light emitting diode in
the emission times of the sub-frames, such that a lifetime of
the organic light emitting diode is relatively short. In the
digital driving technique, since a specific gray-scale is
implemented by a sum of the emission times of the sub-
frames, a dynamic false contour may occur.

[0007] Some exemplary embodiments provide a pixel
circuit that may implement a specific gray-scale by adjusting
an emission time of an organic light emitting diode of the
pixel circuit while controlling a driving transistor of the
pixel circuit to operate in a saturation region.

[0008] Some exemplary embodiments provide an organic
light emitting display device including the pixel circuit that
may display or output a high-quality image.

[0009] According to some exemplary embodiments, a
pixel circuit may include an organic light emitting diode
including an anode and a cathode connected to a low power
voltage, a first transistor including a gate electrode, a first
electrode connected to a high power voltage, and a second
electrode connected to the anode of the organic light emit-
ting diode, a storage capacitor connected between the high
power voltage and the gate electrode of the first transistor, a
second transistor including a first electrode which receives a
data signal corresponding to an emission sustaining voltage
or an emission finishing voltage, a second electrode con-
nected to the gate electrode of the first transistor, and a gate
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electrode which receives an erase scan signal, and a third
transistor including a first electrode connected to an emis-
sion starting voltage, a second electrode connected to the
gate electrode of the first transistor, and a gate electrode
which receives a write scan signal. In such an embodiment,
an emission of the organic light emitting diode may be
started when the first transistor is turned on in response to
the emission starting voltage applied to the gate electrode of
the first transistor through the third transistor, and the
emission of the organic light emitting diode may be sus-
tained when the first transistor is turned on in response to the
emission sustaining voltage applied to the gate electrode of
the first transistor through the second transistor, and the
emission of the organic light emitting diode may be finished
when the first transistor is turned off in response to the
emission finishing voltage applied to the gate electrode of
the first transistor through the second transistor.

[0010] In an exemplary embodiment, the first transistor
may operate in a saturation region.

[0011] In an exemplary embodiment, each of the first
through third transistors may be a p-type metal oxide
semiconductor (“PMOS”) transistor. In such an embodi-
ment, the emission starting voltage may have a low voltage
level, the emission sustaining voltage may have a low
voltage level, and the emission finishing voltage may have
a high voltage level.

[0012] Inan exemplary embodiment, the emission starting
voltage may be the low power voltage.

[0013] Inan exemplary embodiment, the emission starting
voltage may be applied to the gate electrode of the first
transistor when each frame starts. In such an embodiment,
the emission finishing voltage may be applied to the gate
electrode of the first transistor when a predetermined emis-
sion time of the organic light emitting diode elapses after the
emission starting voltage is applied to the gate electrode of
the first transistor. In such an embodiment, the emission
sustaining voltage may be applied to the gate electrode ofthe
first transistor before the predetermined emission time of the
organic light emitting diode elapses after the emission
starting voltage is applied to the gate electrode of the first
transistor.

[0014] In an exemplary embodiment, the predetermined
emission time of the organic light emitting diode may be
determined to be a sum of consecutive sub-emission times
which are set based on a binary coding or a Fibonacci
sequence.

[0015] According to another exemplary embodiment, a
pixel circuit may include an organic light emitting diode
including an anode and a cathode connected to a low power
voltage, a first transistor including a gate electrode, a first
electrode connected to a high power voltage, and a second
electrode connected to the anode of the organic light emit-
ting diode, a storage capacitor connected between the high
power voltage and the gate electrode of the first transistor,
and a second transistor including a first electrode which
receives a data signal corresponding to an emission sustain-
ing voltage or an emission finishing voltage, a second
electrode connected to the gate electrode of the first tran-
sistor, and a gate electrode which receives an erase scan
signal. In such an embodiment, an emission of the organic
light emitting diode may be started when the first transistor
is turned on in response to the emission starting voltage
applied to the gate electrode of the first transistor from an
external component, and the emission of the organic light
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emitting diode may be sustained when the first transistor is
turned on in response to the emission sustaining voltage
applied to the gate electrode of the first transistor through the
second transistor, and the emission of the organic light
emitting diode may be finished when the first transistor is
turned off in response to the emission finishing voltage
applied to the gate electrode of the first transistor through the
second transistor.

[0016] In an exemplary embodiment, the first transistor
may operate in a saturation region.

[0017] In an exemplary embodiment, each of the first and
second transistors may be a PMOS transistor. In such an
embodiment, the emission starting voltage may have a low
voltage level, the emission sustaining voltage may have a
low voltage level, and the emission finishing voltage may
have a high voltage level.

[0018] In anexemplary embodiment, the emission starting
voltage may be the low power voltage.

[0019] In an exemplary embodiment, the emission starting
voltage may be applied to the gate electrode of the first
transistor when each frame starts. In such an embodiment,
the emission finishing voltage may be applied to the gate
electrode of the first transistor when a predetermined emis-
sion time of the organic light emitting diode elapses after the
emission starting voltage is applied to the gate electrode of
the first transistor, and the emission sustaining voltage may
be applied to the gate electrode of the first transistor before
the predetermined emission time of the organic light emit-
ting diode elapses after the emission starting voltage is
applied to the gate electrode of the first transistor.

[0020] In an exemplary embodiment, the predetermined
emission time of the organic light emitting diode may be
determined to be a sum of consecutive sub-emission times
which are set based on a binary coding or a Fibonacci
sequence.

[0021] According to another exemplary embodiment, an
organic light emitting display device may include a display
panel having a plurality of pixel circuits, a data driver which
provides a data signal to the display panel, a write scan
driver which provides a write scan signal to the display
panel, an erase scan driver which provides an erase scan
signal to the display panel, a timing controller which con-
trols the data driver, the write scan driver, and the erase scan
driver, and a power supply which provides a high power
voltage and a low power voltage to the display panel. In such
an embodiment, each of the pixel circuits may start an
emission of an organic light emitting diode based on the
write scan signal and may sustain the emission of the organic
light emitting diode for a predetermined emission time of the
organic light emitting diode based on the erase scan signal
and the data signal.

[0022] In anexemplary embodiment, the timing controller
may receive image data from an external source, may
perform an optical compensating operation on the image
data to generate compensated image data, and may provide
the compensated image data to the data driver.

[0023] In anexemplary embodiment, the write scan driver
may provide the write scan signal to the display panel by a
unit of pixel-row of the display panel.

[0024] In an exemplary embodiment, each of the pixel
circuits may include the organic light emitting diode includ-
ing an anode and a cathode connected to the low power
voltage, a first transistor including a gate electrode, a first
electrode connected to the high power voltage, and a second
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electrode connected to the anode of the organic light emit-
ting diode, a storage capacitor cornected between the high
power voltage and the gate electrode of the first transistor, a
second transistor including a first electrode which receives
the data signal corresponding to an emission sustaining
voltage or an emission finishing voltage, a second electrode
connected to the gate electrode of the first transistor, and a
gate electrode which receives the erase scan signal, and a
third transistor including a first electrode connected to an
emission starting voltage corresponding to the low power
voltage, a second electrode connected to the gate electrode
of the first transistor, and a gate electrode that receives the
write scan signal. In such an embodiment, the emission of
the organic light emitting diode may be started when the first
transistor is turned on in response to the emission starting
voltage applied to the gate electrode of the first transistor
through the third transistor, and the emission of the organic
light emitting diode may be sustained when the first tran-
sistor is turned on in response to the emission sustaining
voltage applied to the gate electrode of the first transistor
through the second transistor, and the emission of the
organic light emitting diode may be finished when the first
transistor is turned off in response to the emission finishing
voltage applied to the gate electrode of the first transistor
through the second transistor.

[0025] Inan exemplary embodiment, the emission starting
voltage may be applied to the gate electrode of the first
transistor when each frame starts. In such an embodiment,
the emission finishing voltage may be applied to the gate
electrode of the first transistor when the predetermined
emission time of the organic light emitting diode elapses
after the emission starting voltage is applied to the gate
electrode of the first transistor. In such an embodiment, the
emission sustaining voltage may be applied to the gate
electrode of the first transistor before the predetermined
emission time of the organic light emitting diode elapses
after the emission starting voltage is applied to the gate
electrode of the first transistor.

[0026] In an exemplary embodiment, the write scan driver
may provide the write scan signal to the display panel by a
unit of pixel-block of the display panel, where each pixel-
block of the display panel includes a plurality of pixel-rows
of the display panel.

[0027] In an exemplary embodiment, each of the pixel
circuits may include the organic light emitting diode includ-
ing an anode and a cathode connected to the low power
voltage, a first transistor including a gate electrode, a first
electrode connected to the high power voltage, and a second
electrode connected to the anode of the organic light emit-
ting diode, a storage capacitor connected between the high
power voltage and the gate electrode of the first transistor,
and a second transistor including a first electrode which
receives the data signal corresponding to an emission sus-
taining voltage or an emission finishing voltage, a second
electrode connected to the gate electrode of the first tran-
sistor, and a gate electrode which receives the erase scan
signal. In such an embodiment, the emission of the organic
light emitting diode may be started when the first transistor
is turned on in response to the emission starting voltage
applied to the gate electrode of the first transistor from an
external component, and the emission of the organic light
emitting diode may be sustained when the first transistor is
turned on in response to the emission sustaining voltage
applied to the gate electrode of the first transistor through the
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second transistor, and the emission of the organic light
emitting diode may be finished when the first transistor is
turned off in response to the emission finishing voltage
applied to the gate electrode of the first transistor through the
second transistor.

[0028] In an exemplary embodiment, the emission starting
voltage may be applied to the gate electrode of the first
transistor when each frame starts. In such an embodiment,
the emission finishing voltage may be applied to the gate
electrode of the first transistor when the predetermined
emission time of the organic light emitting diode elapses
after the emission starting voltage is applied to the gate
electrode of the first transistor. In such an embodiment, the
emission sustaining voltage may be applied to the gate
electrode of the first transistor before the predetermined
emission time of the organic light emitting diode elapses
after the emission starting voltage is applied to the gate
electrode of the first transistor.

[0029] In such embodiments, a pixel circuit may start (or
begin) an emission of an organic light emitting diode of the
pixel circuit by turning on a driving transistor of the pixel
circuit based on a write scan signal when each frame starts
and may sustain (or keep) the emission of the organic light
emitting diode for a predetermined or desired emission time
of the organic light emitting diode based on an erase scan
signal and a data signal (e.g., may finish (or end) the
emission of the organic light emitting diode when the
predetermined or desired emission time of the organic light
emitting diode elapses). Thus, the pixel circuit may imple-
ment a specific gray-scale by adjusting an emission time of
the organic light emitting diode while controlling the driving
transistor to operate in a saturation region.

[0030] In such embodiments, an organic light emitting
display device including the pixel circuit according to exem-
plary embodiments may display a high-quality image.

BRIEF DESCRIPTION OF THE DRAWINGS

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

[0032] FIG. 1 is a circuit diagram illustrating an exem-
plary embodiment of a pixel circuit according to the inven-
tion.

[0033] FIG. 2 is a diagram for describing that a write scan
signal and an erase scan signal are received by the pixel
circuit of FIG. 1.

[0034] FIG. 3 is a diagram illustrating an emission opera-
tion performed by the pixel circuit of FIG. 1.

[0035] FIG. 4 is a timing diagram for describing an
emission operation performed by the pixel circuit of FIG. 1.
[0036] FIG. 5 is a circuit diagram illustrating an alterna-
tive exemplary embodiment of a pixel circuit according to
the invention.

[0037] FIG. 6 is a diagram for describing that a write scan
signal and an erase scan signal are received by the pixel
circuit of FIG. 5.

[0038] FIG. 71is a block diagram illustrating an exemplary
embodiment of an organic light emitting display device
according to the invention.

[0039] FIG. 8 is a flowchart illustrating an exemplary in
which the organic light emitting display device of FIG. 7
operates.
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[0040] FIG. 9 is a block diagram illustrating an exemplary
embodiment an electronic device according to the invention.
[0041] FIG. 10A is a diagram illustrating an exemplary
embodiment in which the electronic device of FIG. 9 is
implemented as a television.

[0042] FIG. 10B is a diagram illustrating an exemplary
embodiment in which the electronic device of FIG. 9 is
implemented as a smart-phone.

DETAILED DESCRIPTION

[0043] The invention now will be described more fully
hereinafter with reference to the accompanying drawings, in
which various embodiments are shown. This invention may,
however, be embodied in many different forms, and should
not be construed as limited to the embodiments set forth
herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully
convey the scope of the invention to those skilled in the art.
Like reference numerals refer to like elements throughout.
[0044] It will be understood that, although the terms
“first,” “second,” “third” etc. may be used herein to describe
various elements, components, regions, layers and/or sec-
tions, these elements, components, regions, layers and/or
sections should not be limited by these terms. These terms
are only used to distinguish one element, component, region,
layer or section from another element, component, region,
layer or section. Thus, “a first element,” “component,”
“region,” “layer” or “section” discussed below could be
termed a second element, component, region, layer or sec-
tion without departing from the teachings herein

[0045] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting. As used herein, the singular forms “a,” “an,”
and “the” are intended to include the plural forms, including
“at least one,” unless the content clearly indicates otherwise.
“Or” means “and/or.” As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items. It will be further understood that the
terms “comprises” and/or “comprising,” or “includes” and/
or “including” when used in this specification, specify the
presence of stated features, regions, integers, steps, opera-
tions, elements, and/or components, but do not preclude the
presence or addition of one or more other features, regions,
integers, steps, operations, elements, components, and/or
groups thereof.

[0046] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which this disclosure belongs. It will be further
understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the
relevant art and the present disclosure, and will not be
interpreted in an idealized or overly formal sense unless
expressly so defined herein.

[0047] Hereinafter, the invention will be explained in
detail with reference to the accompanying drawings.
[0048] FIG. 1 is a circuit diagram illustrating an exem-
plary embodiment of a pixel circuit according to the inven-
tion. FIG. 2 is a diagram for describing that a write scan
signal and an erase scan signal are received by the pixel
circuit of FIG. 1.

[0049] Referring to FIGS. 1 and 2, an exemplary embodi-
ment of the pixel circuit 100 may include an organic light
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emitting diode OLED, a first transistor TR1, a storage
capacitor C, a second transistor TR2, and a third transistor
TR3.

[0050] The organic light emitting diode OLED may
include an anode connected to an electrode of the first
transistor TR1 (i.e., a driving transistor) and a cathode
connected to a low power voltage ELVSS. When the first
transistor TR1 is turned on, the organic light emitting diode
OLED may emit light based on a current flowing through the
first transistor TR1. In such an embodiment, when the first
transistor TR1 is turned off, the organic light emitting diode
OLED may not emit light because the current may not flow
through the first transistor TR1. The first transistor TR1 may
include a gate electrode, a first electrode connected to a high
power voltage ELVDD, and a second electrode connected to
the anode of the organic light emitting diode OLED. As
illustrated in FIG. 1, the organic light emitting diode OLED
and the first transistor TR1 may be connected in series
between the high power voltage ELVDD and the low power
voltage ELVSS. The gate electrode of the first transistor TR1
may be connected to a second electrode of the storage
capacitor C, a second electrode of the second transistor TR2,
and a second electrode of the third transistor TR3. Thus, the
gate electrode of the first transistor TR1 may receive a data
signal DATA corresponding to an emission sustaining volt-
age or an emission finishing voltage through the second
transistor TR2 and may receive an emission starting voltage
through the third transistor TR3. In an exemplary embodi-
ment, as illustrated in FIG. 1, the first transistor TR1 may be
a P-type metal-oxide semiconductor (“PMOS”) transistor. In
such an embodiment, the first transistor TR1 may be turned
on when each of the emission starting signal and the data
signal applied to the gate electrode of the first transistor TR1
has a low voltage level. In another exemplary embodiment,
the first transistor TR1 may be an N-type metal-oxide
semiconductor (“NMOS”) transistor. In such an embodi-
ment, the first transistor TR1 may be turned on when each
of the emission starting signal and the data signal applied to
the gate electrode of the first transistor TR1 has a high
voltage level. The storage capacitor C may include a first
electrode connected to the high power voltage ELVDD and
the second electrode connected to the gate electrode of the
first transistor TR1. In such an embodiment, the storage
capacitor C turns on the first transistor TR1 by storing the
emission starting voltage during a desired emission time of
the organic light emitting diode OLED, such that the first
transistor TR1 may operate in a saturation region as in an
analog driving technique.

[0051] The second transistor TR2 may include a first
electrode that receives the data signal DATA corresponding
to the emission sustaining voltage or the emission finishing
voltage, the second electrode connected to the gate electrode
of the first transistor TR1, and a gate electrode that receives
an erase scan signal SER. In an exemplary embodiment, as
illustrated in FIG. 1, the second transistor TR2 may be a
PMOS transistor. In such an embodiment, the second tran-
sistor TR2 may be turned on when the erase scan signal SER
applied to the gate electrode of the second transistor TR2 has
a low voltage level. In another exemplary embodiment, the
second transistor TR2 may be an NMOS transistor. In such
an embodiment, the second transistor TR2 may be turned on
when the erase scan signal SER applied to the gate electrode
of the second transistor TR2 has a high voltage level. When
the second transistor TR2 is turned on in response to the
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erase scan signal SER, the data signal DATA may be applied
to the gate electrode of the first transistor TR1. In such
embodiments, when the data signal DATA is the emission
sustaining voltage, the organic light emitting diode OLED
may emit light because the first transistor TR1 is turned on.
In such embodiments, when the data signal DATA is the
emission finishing voltage, the organic light emitting diode
OLED may not emit light because the first transistor TR1 is
turned off. In an exemplary embodiment, where the first
transistor TR1 is a PMOS transistor, the emission sustaining
voltage may have a low voltage level, and the emission
finishing voltage may have a high voltage level. In another
exemplary embodiment, where the first transistor TR1 is an
NMOS transistor, the emission sustaining voltage may have
a high voltage level, and the emission finishing voltage may
have a low voltage level.

[0052] The third transistor TR3 may include a first elec-
trode connected to the emission starting voltage, the second
electrode connected to the gate electrode of the first tran-
sistor TR1, and a gate electrode that receives a write scan
signal SWR. In an exemplary embodiment, as illustrated in
FIG. 1, the third transistor TR3 may be a PMOS transistor.
In such an embodiment, the third transistor TR3 may be
turned on when the write scan signal SWR applied to the
gate electrode of the third transistor TR3 has a low voltage
level. In another exemplary embodiment, the third transistor
TR3 may be an NMOS transistor. In such an embodiment,
the third transistor TR3 may be turned on when the write
scan signal SWR applied to the gate electrode of the third
transistor TR3 has a high voltage level. When the third
transistor TR3 is turned on in response to the write scan
signal SWR, the emission starting voltage may be applied to
the gate electrode of the first transistor TR1. In an exemplary
embodiment, as illustrated in FIG. 1, the emission starting
voltage may be the low power voltage ELVSS when the first
transistor TR1 is a PMOS transistor. In another exemplary
embodiment, the emission starting voltage may be a specific
voltage having a low voltage level when the first transistor
TR1 is a PMOS transistor. Hereinafter, for convenience of
description, an exemplary embodiment, where the first
through third transistors TR1, TR2 and TR3 are PMOS
transistors, each of the emission starting voltage and the
emission sustaining voltage has a low voltage level, and the
emission finishing voltage has a high voltage level, will be
described in detail. However, in an alternative exemplary
embodiment, the first through third transistors TR1, TR2 and
TR3 may be NMOS transistors or combination of PMOS
transistors and NMOS transistors, and a structure of the
pixel circuit 100 may be changed according to types of first
through third transistors TR1, TR2 and TR3.

[0053] Inan exemplary embodiment, as illustrated in FIG.
2, the display panel 10 may include a plurality of pixel
circuits 100 arranged substantially in a matrix form. The
pixel circuits 100 may be connected to a write scan driver,
which generates the write scan signal SWR, through write
scan signal-lines SWI(1) through SWL(n), where n is an
integer greater than or equal to 2. The pixel circuits 100 may
be connected to an erase scan driver, which generates the
erase scan signal SER, through erase scan signal-lines
SEL(1) through SEL(n). In such an embodiment, each of the
write scan signal-lines SWL(1) through SWL(n) may be
connected to a corresponding pixel-row of the display panel
10. Thus, the write scan signal SWR may be provided to the
display panel 10 by a unit of pixel-row or on a pixel row by
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pixel row basis. In such an embodiment, each of the erase
scan signal-lines SEL(1) through SEL(n) may be connected
to a corresponding pixel-row of the display panel 10. Thus,
the erase scan signal SER may be provided to the display
panel 10 by a unit of pixel-row or on a pixel row by pixel
row basis. Therefore, the pixel circuits 100 included in a
same pixel-row may concurrently receive the write scan
signal SWR and may concurrently receive the erase scan
signal SER. In such an embodiment, when the emission
starting voltage is applied through the third transistor TR3
(i.e., when the third transistor TR3 is turned on in response
to the write scan signal SWR), the first transistor TR1 is
turned on so that the organic light emitting diode OLED may
start emitting light. In such an embodiment, when the data
signal DATA corresponding to the emission sustaining volt-
age is applied through the second transistor TR2 (i.e., when
the second transistor TR2 is turned on in response to the
erase scan signal SER), the first transistor TR1 is turned on
so that the organic light emitting diode OLED may continue
to emit light. In such an embodiment, when the data signal
DATA corresponding to the emission finishing voltage is
applied through the second transistor TR2 (i.e., when the
second transistor TR2 is turned on in response to the erase
scan signal SER), the first transistor TR1 is turned off so that
the organic light emitting diode OLED may finish emitting
light. The erase scan signal SER may be applied one or more
times during the desired emission time of the organic light
emitting diode OLED. Here, the emission of the organic
light emitting diode OLED may be sustained or finished
according to whether the data signal DATA is the emission
sustaining voltage or the emission finishing voltage at a
moment when the erase scan signal SER is applied. Such
operations will be described in detail with reference to FIGS.
3 and 4.

[0054] In an exemplary embodiment, as described above,
when each frame starts, the pixel circuit 100 may start the
emission of the organic light emitting diode OLED by
turning on the first transistor TR1 (i.e., the driving transistor)
based on the write scan signal SWR and may sustain the
emission of the organic light emitting diode OLED for the
desired emission time of the organic light emitting diode
OLED based on the erase scan signal SER and the data
signal DATA (e.g., may finish the emission of the organic
light emitting diode OLED when the desired emission time
of the organic light emitting diode OLED elapses). Thus, the
pixel circuit 100 may implement a specific gray-scale by
adjusting the emission time of the organic light emitting
diode OLED while controlling the first transistor TR1 to
operate in the saturation region (also referred to as an
erase-type hybrid driving technique that mixes a digital
driving technique with an analog driving technique). In such
an embodiment, the pixel circuit 100 may implement a
specific gray-scale based on the emission time of the organic
light emitting diode OLED between a time when the organic
light emitting diode OLED starts emitting light and a time
when the organic light emitting diode OLED finishes emit-
ting light. In exemplary embodiments, the desired emission
time of the organic light emitting diode OLED may be
determined to be a sum of sub-emission times, in which the
emission of the organic light emitting diode OLED 1is
sustained by the data signal DATA having the emission
sustaining voltage at a moment when the erase scan signal
SER is applied. In one exemplary embodiment, for example,
the desired emission time of the organic light emitting diode
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OLED may be determined to be a sum of consecutive
sub-emission times that are set based on a binary coding, a
Fibonacci sequence, etc. In such an embodiment, some
gray-scales that may not be implemented by the desired
emission time of the organic light emitting diode OLED may
be implemented based on a dithering technique and the like.
In some exemplary embodiments, a gravity centered coding
(“GCC”) may be used to eliminate a dynamic false contour
when the sub-emission times are set. In some exemplary
embodiments, the pixel circuit 100 may further include an
emission control transistor that is connected to the first
transistor TR1 in series.

[0055] FIG. 3 is a diagram illustrating an emission opera-
tion performed by the pixel circuit of FIG. 1. FIG. 4 is a
timing diagram for describing an emission operation per-
formed by the pixel circuit of FIG. 1.

[0056] Referring to FIGS. 3 and 4, when each frame
1FRAME starts, the pixel circuit 100 may start the emission
of the organic light emitting diode OLED (indicated by
WRITE) by turning on the first transistor TR1 based on the
write scan signal SWR and may sustain the emission of the
organic light emitting diode OLED for the desired emission
time TET of the organic light emitting diode OLED based on
the erase scan signal SER and the data signal DATA (indi-
cated by ERASE). Thus, the pixel circuit 100 may imple-
ment a specific gray-scale by adjusting the emission time of
the organic light emitting diode OLED while controlling the
first transistor TR1 to operate in the saturation region. In
such an embodiment, as illustrated in FIG. 3, the emission
of the organic light emitting diode OLED may be finished
(indicated by ERASE) when the desired emission time TET
of the organic light emitting diode OLED elapses after the
emission of the organic light emitting diode OLED is started
(indicated by WRITE).

[0057] In such an embodiment, as shown in FIG. 4, when
each frame 1FRAME starts, the write scan signal SWR
having a low voltage level may be applied to the third
transistor TR3 (indicated by IA). Thus, the emission starting
voltage corresponding to the low power voltage ELVSS may
be applied to the gate electrode of the first transistor TR1 as
the third transistor TR3 may be turned on. As a result, the
first transistor TR1 may be turned on, and thus the organic
light emitting diode OLED may start emitting light. Subse-
quently, a voltage level of the write scan signal SWR may
be changed from a low voltage level to a high voltage level.
Thus, the erase scan signal SER having a low voltage level
may be applied to the second transistor TR2 (indicated by
IB). As a result, the second transistor TR2 may be turned on,
and thus the data signal DATA may be applied to the gate
electrode of the first transistor TR1. In such an embodiment,
the data signal DATA is the emission sustaining voltage
having a low voltage level, such that the organic light
emitting diode OLED may continue to emit light (i.e.,
indicated by E(1)). In such an embodiment, although the
second transistor TR2 is turned off as a voltage level of the
erase scan signal SER is changed from a low voltage level
to a high voltage level, the first transistor TR1 may be
continuously turned on by the storage capacitor C. Next,
when the erase scan signal SER having a low voltage level
is applied to the second transistor TR2 again (indicated by
1C) after a predetermined time duration, the second transis-
tor TR2 may be turned on, and thus the data signal DATA
may be applied to the gate electrode of the first transistor
TR1. Here, since the data signal DATA is still the emission
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sustaining voltage having a low voltage level, the organic
light emitting diode OLED may continue to emit light
(indicated by E(2)). In such an embodiment, although the
second transistor TR2 is turned off as a voltage level of the
erase scan signal SER is changed from a low voltage level
to a high voltage level, the first transistor TR1 may be
continuously turned on by the storage capacitor C.

[0058] Subsequently, when the erase scan signal SER
having a low voltage level is applied to the second transistor
TR2 again (indicated by ID) after a predetermined time
duration, the second transistor TR2 may be turned on, and
thus the data signal DATA may be applied to the gate
electrode of the first transistor TR1. Here, since the data
signal DATA is still the emission sustaining voltage having
a low voltage level, the organic light emitting diode OLED
may continue to emit light (indicated by E(3)). In addition,
although the second transistor TR2 is turned off as a voltage
level of the erase scan signal SER is changed from a low
voltage level to a high voltage level, the first transistor TR1
may be continuously turned on by the storage capacitor C.
Next, when the erase scan signal SER having a low voltage
level is applied to the second transistor TR2 again (indicated
by IE) after a predetermined time duration, the second
transistor TR2 may be turned on, and thus the data signal
DATA may be applied to the gate electrode of the first
transistor TR1. Here, since the data signal DATA is the
emission finishing voltage having a high voltage level, the
organic light emitting diode OLED may finish emitting light
(indicated by NE). Thus, in such an embodiment, the desired
emission time of the organic light emitting diode OLED may
be determined to be a sum of the sub-emission times (E(1),
E(2), and E(3) in FIG. 4) in which the emission of the
organic light emitting diode OLED is sustained by the data
signal DATA having the emission sustaining voltage at a
moment when the erase scan signal SER is applied. In such
an embodiment, to implement a specific gray-scale, the pixel
circuit 100 may start the emission of the organic light
emitting diode OLED by controlling the third transistor TR3
when each frame 1FRAME starts, may sustain the emission
of the organic light emitting diode OLED by controlling the
second transistor TR2, and may finish the emission of the
organic light emitting diode OLED when the desired emis-
sion time of the organic light emitting diode OLED elapses.
In such an embodiment, some gray-scales that may not be
implemented by the desired emission time of the organic
light emitting diode OLED may be implemented based on a
dithering technique and the like. In some exemplary
embodiments, a binary coding, a Fibonacci sequence or a
gravity centered coding, for example, may be used when the
sub-emission times are set. In some exemplary embodi-
ments, the sub-emission times of each frame may be fixed or
changed based on gray-scales to be implemented.

[0059] FIG. 5 is a circuit diagram illustrating an alterna-
tive exemplary embodiment of a pixel circuit according to
the invention. FIG. 6 is a diagram for describing that a write
scan signal and an erase scan signal are received by the pixel
circuit of FIG. 5.

[0060] Referring to FIGS. 5 and 6, in an alternative
exemplary embodiment, the pixel circuit 200 may include an
organic light emitting diode OLED, a first transistor TR1, a
storage capacitor C, and a second transistor TR2.

[0061] The organic light emitting diode OLED may
include an anode connected to a second electrode of the first
transistor TR1 (i.e., a driving transistor) and a cathode
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connected to a low power voltage ELVSS. When the first
transistor TR1 is turned on, the organic light emitting diode
OLED may emit light based on a current flowing through the
first transistor TR1. In such an embodiment, when the first
transistor TR1 is turned off; the organic light emitting diode
OLED may not emit light because the current cannot flow
through the first transistor TR1. The first transistor TR1 may
include a gate electrode, a first electrode connected to a high
power voltage ELVDD, and the second electrode connected
to the anode of the organic light emitting diode OLED. The
organic light emitting diode OLED and the first transistor
TR1 may be connected in series between the high power
voltage ELVDD and the low power voltage ELVSS. The
gate electrode of the first transistor TR1 may be connected
to a second electrode of the storage capacitor C and a second
electrode of the second transistor TR2. In such an embodi-
ment, the first transistor TR1 may be connected to an
external component for receiving an emission starting volt-
age (indicated by the third transistor TR3 in FIG. 5). In such
an embodiment, the first transistor TR1 of other pixel
circuits in a same pixel block may be connected to a same
external component, as shown in FIG. 5. Thus, the gate
electrode of the first transistor TR1 may receive a data signal
DATA corresponding to an emission sustaining voltage or an
emission finishing voltage through the second transistor TR2
and may receive the emission starting voltage from the
external component. In an exemplary embodiment, as illus-
trated in FIG. 5, the first transistor TR1 may be a PMOS
transistor. In such an embodiment, the first transistor TR1
may be turned on when each of the emission starting signal
and the data signal applied to the gate electrode of the first
transistor TR1 has a low voltage level. In another exemplary
embodiment, the first transistor TR1 may be an NMOS
transistor. In such an embodiment, the first transistor TR1
may be turned on when each of the emission starting signal
and the data signal applied to the gate electrode of the first
transistor TR1 has a high voltage level. The storage capaci-
tor C may include a first electrode connected to the high
power voltage ELVDD and the second electrode connected
to the gate electrode of the first transistor TR1. Since the
storage capacitor C turns on the first transistor TR1 by
storing the emission starting voltage during a desired emis-
sion time of the organic light emitting diode OLED, the first
transistor TR1 may operate in a saturation region like an
analog driving technique.

[0062] The second transistor TR2 may include a first
electrode that receives the data signal DATA corresponding
to the emission sustaining voltage or the emission finishing
voltage, the second electrode connected to the gate electrode
of the first transistor TR1, and a gate electrode that receives
an erase scan signal SER. In an exemplary embodiment, as
illustrated in FIG. 5, the second transistor TR2 may be a
PMOS transistor. In such an embodiment, the second tran-
sistor TR2 may be turned on when the erase scan signal SER
applied to the gate electrode of the second transistor TR2 has
a low voltage level. In another exemplary embodiment, the
second transistor TR2 may be an NMOS transistor. In such
an embodiment, the second transistor TR2 may be turned on
when the erase scan signal SER applied to the gate electrode
of the second transistor TR2 has a high voltage level. When
the second transistor TR2 is turned on in response to the
erase scan signal SER, the data signal DATA may be applied
to the gate electrode of the first transistor TR1. Here, when
the data signal DATA is the emission sustaining voltage, the
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organic light emitting diode OLED may emit light because
the first transistor TR1 is turned on. In such an embodiment,
when the data signal DATA is the emission finishing voltage,
the organic light emitting diode OLED may not emit light
because the first transistor TR1 is turned off. In an exemplary
embodiment, when the first transistor TR1 is a PMOS
transistor, the emission sustaining voltage may have a low
voltage level, and the emission finishing voltage may have
a high voltage level. In another exemplary embodiment,
when the first transistor TR1 is an NMOS transistor, the
emission sustaining voltage may have a high voltage level,
and the emission finishing voltage may have a low voltage
level. In exemplary embodiments, the pixel circuit 200 may
receive the emission starting signal from the external com-
ponent. In an exemplary embodiment, as illustrated in FIG.
5, the emission starting voltage may be the low power
voltage ELVSS when the first transistor TR1 is a PMOS
transistor. In another exemplary embodiment, the emission
starting voltage may be a specific voltage having a low
voltage level when the first transistor TR1 is a PMOS
transistor. For convenience of description, an exemplary
embodiment, where that the first and second transistors TR1
and TR2 are PMOS transistors, each of the emission starting
voltage and the emission sustaining voltage has a low
voltage level, and the emission finishing voltage has a high
voltage level, will be described in detail. However, in
another alternative exemplary embodiment, the first and
second transistors TR1 and TR2 may be NMOS transistors
or combination of PMOS transistors and NMOS transistors,
and thus a structure of the pixel circuit 200 may be changed
according to types of first and second transistors TR1 and
TR2.

[0063] In anexemplary embodiment, as illustrated in FIG.
6, the display panel 20 may include a plurality of pixel
circuits 200 arranged substantially in a matrix form. In the
display panel 20, the pixel circuits 200 may define or
constitute pixel-blocks PIXEL BLOCK(1) through PIXEL
BLOCK(k), where k is an integer greater than or equal to 2.
The pixel circuits 200 may be connected to a write scan
driver, which generates the write scan signal SWR, through
write scan signal-lines SWL(1) through SWL(k). The pixel
circuits 200 may be connected to an erase scan driver, which
generates the erase scan signal SER, through erase scan
signal-lines SEL(1) through SEL(n), where n is an integer
greater than or equal to 2. In such an embodiment, each of
the write scan signal-lines SWL(1) through SWL(k) may be
connected to a corresponding of the pixel-blocks PIXEL
BLOCK(1) through PIXEL BLOCK(k), each having a plu-
rality of pixel-rows of the display panel 20. Thus, the write
scan signal SWR may be provided to the display panel 20 by
a unit of pixel-block. In such an embodiment, each of the
erase scan signal-lines SEL(1) through SEL(n) may be
connected to a corresponding pixel-row of the display panel
20. Thus, the erase scan signal SER may be provided to the
display panel 20 by a unit of pixel-row. Therefore, the pixel
circuits 200 included in one of the pixel-blocks PIXEL
BLOCK(1) through PIXEL, BLOCK(k) may concurrently
receive the write scan signal SWR, and the pixel circuits 200
included in pixel-rows corresponding to the one of the
pixel-blocks PIXEL BLOCK(1) through PIXEL BLOCK(k)
may concurrently receive the erase scan signal SER. Hence,
when the emission starting voltage is applied from the
external component, the first transistor TR1 is turned on so
that the organic light emitting diode OLED may start emit-
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ting light. Subsequently, when the data signal DATA corre-
sponding to the emission sustaining voltage is applied
through the second transistor TR2 (e.g., when the second
transistor TR2 is turned on in response to the erase scan
signal SER), the first transistor TR1 is turned on so that the
organic light emitting diode OLED may continue to emit
light. Next, when the data signal DATA corresponding to the
emission finishing voltage is applied through the second
transistor TR2 (e.g., when the second transistor TR2 is
turned on in response to the erase scan signal SER), the first
transistor TR1 is turned off so that the organic light emitting
diode OLED may finish emitting light. The erase scan signal
SER may be applied one or more times during the desired
emission time of the organic light emitting diode OLED.
Here, the emission of the organic light emitting diode OLED
may be sustained or finished according to whether the data
signal DATA has the emission sustaining voltage or the
emission finishing voltage at a moment when the erase scan
signal SER is applied.

[0064] In such an embodiment, as described above, when
each frame starts, the pixel circuit 200 may start the emis-
sion of the organic light emitting diode OLED by turning on
the first transistor TR1 (i.e., the driving transistor) based on
the write scan signal SWR and may sustain the emission of
the organic light emitting diode OLED for the desired
emission time of the organic light emitting diode OLED
based on the erase scan signal SER and the data signal
DATA (e.g., may finish the emission of the organic light
emitting diode OLED when the desired emission time of the
organic light emitting diode OLED elapses). Thus, the pixel
circuit 200 may implement a specific gray-scale by adjusting
the emission time of the organic light emitting diode OLED
while controlling the first transistor TR1 to operate in the
saturation region. In such an embodiment, the pixel circuit
200 may implement a specific gray-scale based on the
emission time of the organic light emitting diode OLED
between a time when the organic light emitting diode OLED
starts emitting light and a time when the organic light
emitting diode OLED finishes emitting light. In exemplary
embodiments, the desired emission time of the organic light
emitting diode OLED may be determined to be a sum of
sub-emission times in which the emission of the organic
light emitting diode OLED is sustained by the data signal
DATA having the emission sustaining voltage at a moment
when the erase scan signal SER is applied. In one exemplary
embodiment, for example, the desired emission time of the
organic light emitting diode OLED may be determined to be
a sum of consecutive sub-emission times that are set based
on a binary coding, a Fibonacci sequence, etc. In such an
embodiment, some gray-scales that cannot be implemented
by the desired emission time of the organic light emitting
diode OLED may be implemented based on a dithering
technique and the like. In some exemplary embodiments, a
gravity centered coding may be used to eliminate a dynamic
false contour when the sub-emission times are set. In some
exemplary embodiments, the pixel circuit 200 may further
include an emission control transistor that is connected to
the first transistor TR1 in series.

[0065] FIG. 7 is a block diagram illustrating an exemplary
embodiment of an organic light emitting display device
according to the invention. FIG. 8 is a flowchart illustrating
an exemplary in which the organic light emitting display
device of FIG. 7 operates.
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[0066] Referring to FIGS. 7 and 8, an exemplary embodi-
ment of the organic light emitting display device 500 may
include a display panel 510, a data driver 520, a write scan
driver 530, an erase scan driver 540, a timing controller 550,
and a power supply 560.

[0067] The display panel 510 may include a plurality of
pixel circuits 511. The display panel 510 may be connected
to the write scan driver 530 through write scan signal-lines
SWL, may be connected to the erase scan driver 540 through
erase scan signal-lines SEL, and may be connected to the
data driver 520 through data-lines DL. In such an embodi-
ment, the pixel circuits 511 may be arranged substantially in
a matrix form in the display panel 510. The data driver 520
may provide a data signal to the display panel 510 through
the data-lines DL. The write scan driver 530 may provide a
write scan signal to the display panel 510 through the write
scan signal-lines SWL. The erase scan driver 540 may
provide an erase scan signal to the display panel 510 through
the erase scan signal-lines SEL. In an exemplary embodi-
ment, the write scan driver 530 and the erase scan driver 540
may be implemented by decoder-type scan circuits, such that
the write scan driver 530 and the erase scan driver 540 may
non-sequentially (e.g., randomly) provide the write scan
signal and the erase scan signal to the display panel 510.
Thus, the write scan driver 530 and the erase scan driver 540
may easily (e.g., freely) adjust emission times of the pixel
circuits 511 by concurrently controlling the pixel circuits
511 to emit light or not to emit light. The timing controller
550 may control the data driver 520, the write scan driver
530, and the erase scan driver 540. To control the data driver
520, the write scan driver 530, and the erase scan driver 540,
the timing controller 550 may generate control signals
CTL(1), CTL(2), and CTL(3) to provide the control signals
CTL(1), CTL(2), and CTL(3) to the data driver 520, the
write scan driver 530, and the erase scan driver 540, respec-
tively. The power supply 560 may provide a high power
voltage ELVDD and a low power voltage ELVSS to the
display panel 510. In exemplary embodiments, the pixel
circuit 511 driven by an erase-type hybrid driving technique
that mixes a digital driving technique with an analog driving
technique may not include an internal compensation circuit
for compensating threshold voltage deviation of a driving
transistor. Thus, the timing controller 550 may receive
image data from an external source, may perform an optical
compensating operation on the image data to generate
compensated image data, and may provide the compensated
image data to the data driver 520. Thus, the data driver 520
may convert the compensated image data into the data signal
to provide the data signal to the display panel 510. In such
an embodiment, the organic light emitting display device
500 may use an optical compensating technique to compen-
sate the threshold voltage deviation of the driving transistor
included in the pixel circuit 511. In such an embodiment, as
illustrated in FIG. 8, the organic light emitting display
device 500 may perform an optical compensating operation
on the image data input from the external source (S120) and
then may perform a displaying operation based on the
compensated image data (S140).

[0068] The pixel circuit 511 may be driven by the erase-
type hybrid driving technique that mixes the digital driving
technique with the analog driving technique. Thus, each of
the pixel circuits 511 may start an emission of the organic
light emitting diode based on the write scan signal and may
sustain the emission of the organic light emitting diode for
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a desired emission time of the organic light emitting diode
based on the erase scan signal and the data signal. In an
exemplary embodiment, the write scan driver 530 may
provide the write scan signal to the display panel 510 by a
unit of pixel-row of the display panel 510, and the erase scan
driver 540 may provide the erase scan signal to the display
panel 510 by a unit of pixel-row of the display panel 510. In
such an embodiment, each of the pixel circuits 511 may
include an organic light emitting diode having an anode and
a cathode that is connected to the low power voltage ELVSS,
a first transistor (e.g., a driving transistor) having a gate
electrode, a first electrode that is connected to the high
power voltage ELVDD, and a second electrode that is
connected to the anode of the organic light emitting diode,
a storage capacitor connected between the high power
voltage ELVDD and the gate electrode of the first transistor,
a second transistor having a first electrode that receives the
data signal corresponding to the emission sustaining voltage
or the emission finishing voltage, a second electrode that is
connected to the gate electrode of the first transistor, and a
gate electrode that receives the erase scan signal, and a third
transistor having a first electrode that is connected to the
emission starting voltage corresponding to the low power
voltage ELVSS, a second electrode that is connected to the
gate electrode of the first transistor, and a gate electrode that
receives the write scan signal. In such an embodiment, each
of the pixel circuits 511 may start an emission of the organic
light emitting diode when the first transistor is turned on as
the emission starting voltage is applied to the gate electrode
of the first transistor through the third transistor, may sustain
the emission of the organic light emitting diode when the
first transistor is turned on as the emission sustaining voltage
is applied to the gate electrode of the first transistor through
the second transistor, and may finish the emission of the
organic light emitting diode when the first transistor is
turned off as the emission finishing voltage is applied to the
gate electrode of the first transistor through the second
transistor. The emission starting voltage may be applied to
the gate electrode of the first transistor when each frame
starts. The emission finishing voltage may be applied to the
gate electrode of the first transistor when the desired emis-
sion time of the organic light emitting diode elapses after the
emission starting voltage is applied to the gate electrode of
the first transistor. The emission sustaining voltage may be
applied to the gate electrode of the first transistor before the
desired emission time of the organic light emitting diode
elapses after the emission starting voltage is applied to the
gate electrode of the first transistor.

[0069] In another exemplary embodiment, the write scan
driver 530 may provide the write scan signal to the display
panel 510 by a unit of pixel-block of the display panel 510,
where one pixel-block includes a plurality of pixel-rows,
and the erase scan driver 540 may provide the erase scan
signal to the display panel 510 by a unit of pixel-row of the
display panel 510. In such an embodiment, each of the pixel
circuits 511 may include an organic light emitting diode
having an anode and a cathode that is connected to the low
power voltage ELVSS, a first transistor (e.g., a driving
transistor) having a gate electrode, a first electrode that is
connected to the high power voltage ELVDD, and a second
electrode that is connected to the anode of the organic light
emitting diode, a storage capacitor connected between the
high power voltage ELVDD and the gate electrode of the
first transistor, and a second transistor having a first elec-
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trode that receives the data signal corresponding to the
emission sustaining voltage or the emission finishing volt-
age, a second electrode that is connected to the gate elec-
trode of the first transistor, and a gate electrode that receives
the erase scan signal. Here, each of the pixel circuits 511
may start an emission of the organic light emitting diode
when the first transistor is turned on as the emission starting
voltage is applied to the gate electrode of the first transistor,
may sustain the emission of the organic light emitting diode
when the first transistor is turned on as the emission sus-
taining voltage is applied to the gate electrode of the first
transistor through the second transistor, and may finish the
emission of the organic light emitting diode when the first
transistor is turned off as the emission finishing voltage is
applied to the gate electrode of the first transistor through the
second transistor. The emission starting voltage may be
applied to the gate electrode of the first transistor when each
frame starts. The emission finishing voltage may be applied
to the gate electrode of the first transistor when the desired
emission time of the organic light emitting diode elapses
after the emission starting voltage is applied to the gate
electrode of the first transistor. The emission sustaining
voltage may be applied to the gate electrode of the first
transistor before the desired emission time of the organic
light emitting diode elapses after the emission starting
voltage is applied to the gate electrode of the first transistor.
In such an embodiment, as described above, the pixel circuit
511 included in the organic light emitting display device 500
may start the emission of the organic light emitting diode by
turning on the driving transistor based on the write scan
signal when each frame starts and may sustain the emission
of the organic light emitting diode for the desired emission
time of the organic light emitting diode based on the erase
scan signal and the data signal (e.g., may finish the emission
of the organic light emitting diode when the desired emis-
sion time of the organic light emitting diode elapses). Thus,
the pixel circuit 511 may implement a specific gray-scale by
adjusting an emission time of the organic light emitting
diode while controlling the driving transistor to operate in a
saturation region. As a result, the organic light emitting
display device 500 may display a high-quality image. In
some exemplary embodiments, the data driver 520, the write
scan driver 530, the erase scan driver 540, the timing
controller 550, and the power supply 560 may be imple-
mented by a single integrated circuit (“IC”). In some exem-
plary embodiments, some of the data driver 520, the write
scan driver 530, the erase scan driver 540, the timing
controller 550, and the power supply 560 may be imple-
mented by a single IC.

[0070] FIG. 9is a block diagram illustrating an exemplary
embodiment of an electronic device according to the inven-
tion. FIG. 10A is a diagram illustrating an exemplary
embodiment in which the electronic device of FIG. 9 is
implemented as a television. FIG. 10B is a diagram illus-
trating an exemplary embodiment in which the electronic
device of FIG. 9 is implemented as a smart-phone.

[0071] Referring to FIGS. 9 to 10B, an exemplary embodi-
ment of the electronic device 1000 may include a processor
1010, a memory device 1020, a storage device 1030, an
input/output (“I'O”) device 1040, a power supply 1050, and
an organic light emitting display device 1060. In an exem-
plary embodiment, the organic light emitting display device
1060 may be the organic light emitting display device 500
of FIG. 7. In an exemplary embodiment, the electronic
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device 1000 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 exemplary embodiment, as illustrated in
FIG. 10A, the electronic device 1000 may be implemented
as the television. In another exemplary embodiment, as
illustrated in FIG. 10B, the electronic device 1000 may be
implemented as the smart-phone. However, the electronic
device 1000 is not limited thereto. In one exemplary
embodiment, for example, the electronic device 1000 may
be implemented as a cellular phone, a video phone, a smart
pad, a smart watch, a tablet personal computer (“PC”), a car
navigation system, a computer monitor, a laptop, a head
mounted display (“HMD”), etc.

[0072] The processor 1010 may perform various comput-
ing functions. The processor 1010 may be a microprocessor,
a central processing unit (“CPU”), an application processor
(“AP”), etc. The processor 1010 may be coupled to other
components via an address bus, a control bus, a data bus, etc.
Further, the processor 1010 may be coupled to an extended
bus such as a peripheral component interconnection (“PCI”)
bus. The memory device 1020 may store data for operations
of the electronic device 1000. In one exemplary embodi-
ment, example, the memory device 1020 may include at
least one non-volatile memory device such as an erasable
programmable read-only memory (“EPROM”) device, an
electrically erasable programmable read-only memory
(“EEPROM”) device, a flash memory device, a phase
change random access memory (“PRAM”) device, a resis-
tance 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. The storage
device 1030 may include a solid state drive (“SSD”) device,
a hard disk drive (“HDD”) device, a compact disc read-only
memory (“CD-ROM”) device, etc. The I/O device 1040 may
include an input device such as a kevboard, a keypad, a
touchpad, a touch-screen, a mouse device, etc, and an output
device such as a printer, a speaker, etc. The power supply
1050 may provide power for operations of the electronic
device 1000.

[0073] The organic light emitting display device 1060 may
communicate with other components via the buses or other
communication links. In some exemplary embodiments, the
organic light emitting display device 1060 may be included
in the /O device 1040. In an exemplary embodiment, as
described above, the organic light emitting display device
1060 may operate based on an erase-type hybrid driving
technique that mixes a digital driving technique with an
analog driving technique. To operate based on the erase-type
hybrid driving technique, the organic light emitting display
device 1060 may include a display panel having a plurality
of pixel circuits, a data driver that provides a data signal to
the display panel, a write scan driver that provides a write
scan signal to the display panel, an erase scan driver that
provides an erase scan signal to the display panel, a timing
controller that controls the data driver, the write scan driver
and the erase scan driver, and a power supply that provides
a high power voltage and a low power voltage to the display
panel. In such an embodiment, each of the pixel circuits may
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start an emission of the organic light emitting diode based on
the write scan signal and may sustain the emission of the
organic light emitting diode for a desired emission time of
the organic light emitting diode based on the erase scan
signal and the data signal. In such an embodiment, each of
the pixel circuits may start the emission of the organic light
emitting diode by turning on the driving transistor based on
the write scan signal when each frame starts and may sustain
the emission of the organic light emitting diode for the
desired emission time of the organic light emitting diode
based on the erase scan signal and the data signal (e.g., may
finish the emission of the organic light emitting diode when
the desired emission time of the organic light emitting diode
elapses). Thus, each of the pixel circuits may implement a
specific gray-scale by adjusting an emission time of the
organic light emitting diode while controlling the driving
transistor to operate in a saturation region.

[0074] In an exemplary embodiment, the write scan driver
of the organic light emitting display device 1060 may
provide the write scan signal to the display panel by a unit
of pixel-row of the display panel, and the erase scan driver
of the organic light emitting display device 1060 may
provide the erase scan signal to the display panel by a unit
of pixel-row of the display panel. In such an embodiment,
each of the pixel circuits may include an organic light
emitting diode having an anode and a cathode that is
connected to a low power voltage, a first transistor having a
gate electrode, a first electrode that is connected to a high
power voltage, and a second electrode that is connected to
the anode of the organic light emitting diode, a storage
capacitor connected between the high power voltage and the
gate electrode of the first transistor, a second transistor
having a first electrode that receives the data signal, a second
electrode that is connected to the gate electrode of the first
transistor, and a gate electrode that receives the erase scan
signal, and a third transistor having a first electrode that is
connected to the emission starting voltage corresponding to
the low power voltage, a second electrode that is connected
to the gate electrode of the first transistor, and a gate
electrode that receives the write scan signal. In another
exemplary embodiment, the write scan driver of the organic
light emitting display device 1060 may provide the write
scan signal to the display panel by a unit of pixel-block of
the display panel, where each pixel-block includes a plural-
ity of pixel-rows, and the erase scan driver of the organic
light emitting display device 1060 may provide the erase
scan signal to the display panel by a unit of pixel-row of the
display panel. In such an embodiment, each of the pixel
circuits may include an organic light emitting diode having
an anode and a cathode that is connected to a low power
voltage, a first transistor having a gate electrode, a first
electrode that is connected to a high power voltage, and a
second electrode that is connected to the anode of the
organic light emitting diode, a storage capacitor connected
between the high power voltage and the gate electrode of the
first transistor, and a second transistor having a first elec-
trode that receives the data signal, a second electrode that is
connected to the gate electrode of the first transistor, and a
gate electrode that receives the erase scan signal. In such an
embodiment, the organic light emitting display device 1060
is substantially the same as those described above, and any
repetitive detailed description thereof will be omitted.

[0075] The inventive concept may be applied to an organic
light emitting display device and an electronic device
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including the organic light emitting display device. For
example, the inventive concept may be applied to 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, a head mounted display, etc.
[0076] The foregoing is illustrative of exemplary embodi-
ments and is not to be construed as limiting thereof.
Although a few exemplary embodiments have been
described, those skilled in the art will readily appreciate that
many modifications are possible in the exemplary embodi-
ments without materially departing from the novel teachings
and advantages of the inventive concept. Accordingly, all
such modifications are intended to be included within the
scope of the inventive concept as defined in the claims.
Therefore, it is to be understood that the foregoing is
illustrative of various exemplary embodiments and is not to
be construed as limited to the specific exemplary embodi-
ments disclosed, and that modifications to the disclosed
exemplary embodiments, as well as other exemplary
embodiments, are intended to be included within the scope
of the appended claims.

What is claimed is:

1. A pixel circuit comprising:

an organic light emitting diode comprising an anode, and
a cathode connected to a low power voltage;

a first transistor comprising a gate electrode, a first
electrode connected to a high power voltage, and a
second electrode connected to the anode of the organic
light emitting diode;

a storage capacitor connected between the high power
voltage and the gate electrode of the first transistor;

a second transistor comprising a first electrode which
receives a data signal having an emission sustaining
voltage or an emission finishing voltage, a second
electrode connected to the gate electrode of the first
transistor, and a gate electrode which receives an erase
scan signal; and

a third transistor comprising a first electrode connected to
an emission starting voltage, a second electrode con-
nected to the gate electrode of the first transistor, and a
gate electrode which receives a write scan signal,

wherein an emission of the organic light emitting diode is
started when the first transistor is turned on in response
to the emission starting voltage applied to the gate
electrode of the first transistor through the third tran-
sistor,

wherein the emission of the organic light emitting diode
is sustained when the first transistor is turned on in
response to the emission sustaining voltage applied to
the gate electrode of the first transistor through the
second transistor, and

wherein the emission of the organic light emitting diode
is finished when the first transistor is turned off in
response to the emission finishing voltage applied to
the gate electrode of the first transistor through the
second transistor.

2. The pixel circuit of claim 1, wherein the first transistor
operates in a saturation region.

3. The pixel circuit of claim 1, wherein

each of the first through third transistors is a p-type metal
oxide semiconductor transistor,
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the emission starting voltage has a low voltage level,

the emission sustaining voltage has a low voltage level,
and

the emission finishing voltage has a high voltage level.

4. The pixel circuit of claim 3, wherein the emission
starting voltage is the low power voltage.

5. The pixel circuit of claim 1, wherein

the emission starting voltage is applied to the gate elec-
trode of the first transistor when each frame starts,

the emission finishing voltage is applied to the gate
electrode of the first transistor when a predetermined
emission time of the organic light emitting diode
elapses after the emission starting voltage is applied to
the gate electrode of the first transistor, and

the emission sustaining voltage is applied to the gate
electrode of the first transistor before the predetermined
emission time of the organic light emitting diode
elapses after the emission starting voltage is applied to
the gate electrode of the first transistor.

6. The pixel circuit of claim 5, wherein the predetermined
emission time of the organic light emitting diode is deter-
mined to be a sum of consecutive sub-emission times which
are set based on a binary coding or a Fibonacci sequence.

7. A pixel circuit comprising:

an organic light emitting diode comprising an anode, and
a cathode connected to a low power voltage;

a first transistor including a gate electrode, a first electrode
connected to a high power voltage, and a second
electrode connected to the anode of the organic light
emitting diode;

a storage capacitor connected between the high power
voltage and the gate electrode of the first transistor; and

a second transistor comprising a first electrode which
receives a data signal having an emission sustaining
voltage or an emission finishing voltage, a second
electrode connected to the gate electrode of the first
transistor, and a gate electrode which receives an erase
scan signal,

wherein an emission of the organic light emitting diode is
started when the first transistor is turned on in response
to the emission starting voltage applied to the gate
electrode of the first transistor from an external com-
ponent,

wherein the emission of the organic light emitting diode
is sustained when the first transistor is turned on in
response to the emission sustaining voltage applied to
the gate electrode of the first transistor through the
second transistor, and

wherein the emission of the organic light emitting diode
is finished when the first transistor is turned off in
response to the emission finishing voltage applied to
the gate electrode of the first transistor through the
second transistor.

8. The pixel circuit of claim 7, wherein the first transistor

operates in a saturation region.

9. The pixel circuit of claim 7, wherein

each of the first and second transistors is a p-type metal
oxide semiconductor transistor,

the emission starting voltage has a low voltage level,

the emission sustaining voltage has a low voltage level,
and

the emission finishing voltage has a high voltage level.

10. The pixel circuit of claim 9, wherein the emission
starting voltage is the low power voltage.
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11. The pixel circuit of claim 7, wherein

the emission starting voltage is applied to the gate elec-
trode of the first transistor when each frame starts,

the emission finishing voltage is applied to the gate
electrode of the first transistor when a predetermined
emission time of the organic light emitting diode
elapses after the emission starting voltage is applied to
the gate electrode of the first transistor, and

the emission sustaining voltage is applied to the gate
electrode of the first transistor before the predetermined
emission time of the organic light emitting diode
elapses after the emission starting voltage is applied to
the gate electrode of the first transistor.

12. The pixel circuit of claim 11, wherein the predeter-
mined emission time of the organic light emitting diode is
determined to be a sum of consecutive sub-emission times
which are set based on a binary coding or a Fibonacci
sequence.

13. An organic light emitting display device comprising:

a display panel comprising a plurality of pixel circuits;

a data driver which provides a data signal to the display
panel;

a write scan driver which provides a write scan signal to
the display panel;

an erase scan driver which provides an erase scan signal
to the display panel;

a timing controller which controls the data driver, the
write scan driver, and the erase scan driver; and

a power supply which provides a high power voltage and
a low power voltage to the display panel,

wherein each of the pixel circuits starts an emission of an
organic light emitting diode based on the write scan
signal and sustains the emission of the organic light
emitting diode for a predetermined emission time of the
organic light emitting diode based on the erase scan
signal and the data signal.

14. The display device of claim 13, wherein the timing
controller receives image data from an external source,
performs an optical compensating operation on the image
data to generate compensated image data, and provides the
compensated image data to the data driver.

15. The display device of claim 13, wherein the write scan
driver provides the write scan signal to the display panel by
a unit of pixel-row of the display panel.

16. The display device of claim 15, wherein each of the
pixel circuits comprises:

the organic light emitting diode comprising an anode, and
a cathode connected to the low power voltage;

a first transistor including a gate electrode, a first electrode
connected to the high power voltage, and a second
electrode connected to the anode of the organic light
emitting diode;

a storage capacitor connected between the high power
voltage and the gate electrode of the first transistor;

a second transistor comprising a first electrode which
receives the data signal corresponding to an emission
sustaining voltage or an emission finishing voltage, a
second electrode connected to the gate electrode of the
first transistor, and a gate electrode which receives the
erase scan signal; and

a third transistor comprising a first electrode connected to
an emission starting voltage corresponding to the low
power voltage, a second electrode connected to the gate
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electrode of the first transistor, and a gate electrode
which receives the write scan signal,

wherein the emission of the organic light emitting diode
is started when the first transistor is turned on in
response to the emission starting voltage applied to the
gate electrode of the first transistor through the third
transistor,

wherein the emission of the organic light emitting diode
is sustained when the first transistor is turned on in
response to the emission sustaining voltage applied to
the gate electrode of the first transistor through the
second transistor, and

wherein the emission of the organic light emitting diode
is finished when the first transistor is turned off in
response to the emission finishing voltage applied to
the gate electrode of the first transistor through the
second transistor.

17. The pixel circuit of claim 16, wherein

the emission starting voltage is applied to the gate elec-
trode of the first transistor when each frame starts,

the emission finishing voltage is applied to the gate
electrode of the first transistor when the predetermined
emission time of the organic light emitting diode
elapses after the emission starting voltage is applied to
the gate electrode of the first transistor, and

the emission sustaining voltage is applied to the gate
electrode of the first transistor before the predetermined
emission time of the organic light emitting diode
elapses after the emission starting voltage is applied to
the gate electrode of the first transistor.

18. The display device of claim 13, wherein

the write scan driver provides the write scan signal to the
display panel by a unit of pixel-block of the display
panel, and

each pixel-block of the display panel includes a plurality
of pixel-rows of the display panel.

19. The display device of claim 18, wherein each of the

pixel circuits comprises:

the organic light emitting diode comprising an anode, and

a cathode connected to the low power voltage;
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a first transistor comprising a gate electrode, a first
electrode connected to the high power voltage, and a
second electrode connected to the anode of the organic
light emitting diode;

a storage capacitor connected between the high power
voltage and the gate electrode of the first transistor; and

a second transistor comprising a first electrode which
receives the data signal corresponding to an emission
sustaining voltage or an emission finishing voltage, a
second electrode connected to the gate electrode of the
first transistor, and a gate electrode which receives the
erase scan signal,

wherein the emission of the organic light emitting diode
is started when the first transistor is turned on in
response to the emission starting voltage applied to the
gate electrode of the first transistor from an external
component,

wherein the emission of the organic light emitting diode
is sustained when the first transistor is turned on in
response to the emission sustaining voltage applied to
the gate electrode of the first transistor through the
second transistor, and

wherein the emission of the organic light emitting diode
is finished when the first transistor is turned off in
response to the emission finishing voltage applied to
the gate electrode of the first transistor through the
second transistor.

20. The pixel circuit of claim 19, wherein

the emission starting voltage is applied to the gate elec-
trode of the first transistor when each frame starts,

the emission finishing voltage is applied to the gate
electrode of the first transistor when the predetermined
emission time of the organic light emitting diode
elapses after the emission starting voltage is applied to
the gate electrode of the first transistor, and the emis-
sion sustaining voltage is applied to the gate electrode
of the first transistor

before the predetermined emission time of the organic
light emitting diode elapses after the emission starting
voltage is applied to the gate electrode of the first
transistor.
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