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PIXEL CIRCUIT, ORGANIC LIGHT
EMITTING DISPLAY DEVICE HAVING THE
SAME, AND METHOD OF DRIVING AN
ORGANIC LIGHT EMITTING DISPLAY
DEVICE

CLAIM OF PRIORITY

[0001] This application makes reference to, incorporates
the same herein, and claims all benefits accruing under 35
U.S.C. §119 from an application earlier filed in the Korean
Intellectual Property Office on the 27 Oct. 2011 and there
duly assigned Serial No. 10-2011-0110291.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] Exemplary embodiments relate generally to an
organic light emitting display device. More particularly,
embodiments of the inventive concept relate to an organic
light emitting display device performing a simultaneous
emission with active voltage (SEAV) operation using a direct-
current (DC) power source voltage.

[0004] 2. Description of the Related Art

[0005] An organic light emitting display (OLED) device
includes a plurality of scan-lines, a plurality of data-lines, and
a plurality of pixels. Here, the pixels may be arranged in a
matrix form at crossing points of the scan-lines and the data-
lines. According to a sequential emission technique among
many techniques for driving an OLED device, the scan-lines
may sequentially scan data as scan signals are sequentially
applied into the scan-lines, and then OLED elements of the
scan-lines may sequentially emit light when emission signals
are sequentially applied into the scan-lines.

[0006] However, a crosstalk that results in dizziness may be
caused when 3D (i.e., stereoscopic) images are displayed by
the sequential emission technique. Therefore, a simultaneous
emission with active voltage (SEAV) technique that is opti-
mized for displaying 3D images is widely used. In conven-
tional SEAV techniques, however, a power supply voltage is
changed simultaneously, so that the conventional SEAV tech-
niques may need additional circuit components for simulta-
neously changing the power supply voltage, and may con-
sume a large amount of power due to the power supply voltage
changes.

SUMMARY OF THE INVENTION

[0007] Some exemplary embodiments provide a pixel cir-
cuit capable of controlling a direct-current (DC) power source
voltage using a light emitting control transistor.

[0008] Some exemplary embodiments provide an organic
light emitting display device capable of performing a simul-
taneous emission with active voltage (SEAV) operation using
a DC power source voltage, and capable of simultaneously
compensating threshold voltages of driving transistors in pix-
els.

[0009] Some exemplary embodiments provide a method of
driving an organic light emitting display device that performs
a SEAV operation using a DC power source voltage.

[0010] According to some exemplary embodiments, a pixel
circuit may include a pixel unit that is coupled to a crossing
point of a data-line and a scan-line, and that receives a first
power source voltage and a second power source voltage that
are direct-current (DC) power source voltages, an organic
light emitting diode coupled to the pixel unit, and a light
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emitting control transistor coupled between the pixel unit and
the organic light emitting diode. Here, the light emitting
control transistor periodically may turn on and off in response
to a light emitting control signal having a logic high level and
a logic low level in a frame, and the light emitting control
signal may be simultaneously provided to a plurality of light
emitting control transistors in a display panel.

[0011] In an exemplary embodiment, the pixel unit may
include a driving transistor having a first electrode that
receives the first power source voltage and a second electrode
that is coupled to the organic light emitting diode, a first
transistor that is coupled between the data-line and a gate
electrode of the driving transistor, and that supplies a data
signal to the gate electrode of the driving transistor in
response to a scan signal, a second transistor coupled between
the second electrode of the driving transistor and the gate
electrode of the driving transistor, a first capacitor coupled
between the first electrode of the driving transistor and the
gate electrode of the driving transistor, and a second capacitor
coupled between the first capacitor and the gate electrode of
the driving transistor.

[0012] Inexemplary embodiments, the light emitting con-
trol transistor, the driving transistor, the first transistor, and
the second transistor may be p-channel metal oxide semicon-
ductor (PMOS) transistors.

[0013] In exemplary embodiments, the second transistor
may apply a threshold voltage of the driving transistor to the
second capacitor by diode-coupling the driving transistor in
response to a threshold voltage compensation signal.

[0014] In exemplary embodiments, the light emitting con-
trol transistor may be coupled between the second electrode
of the driving transistor and the organic light emitting diode.
[0015] In exemplary embodiments, the light emitting con-
trol transistor may periodically couple the first power source
voltage to the organic light emitting diode in response to the
light emitting control signal.

[0016] Inexemplary embodiments, a reference voltage and
a data voltage may be alternately stored in the first capacitor
as a reference signal, and the data signal may be alternately
applied through the data-line. Here, the reference voltage may
correspond to the reference signal, and the data voltage may
correspond to the data signal.

[0017] Inexemplary embodiments, a data voltage of a pre-
vious frame stored in the first capacitor may be changed into
the reference voltage, and a voltage of the gate electrode of
the driving transistor may be changed into a voltage corre-
sponding to a difference between the first power source volt-
age and the threshold voltage of the driving transistor when
the reference signal is applied.

[0018] According to some exemplary embodiments, an
organic light emitting display device may include a display
panel having a plurality of pixels that receives a first power
source voltage and a second power source voltage that are
direct-current (DC) power source voltages, a scan driving unit
that sequentially supplies a scan signal to the pixels through a
plurality of scan-lines, a data driving unit that supplies a data
signal to the pixels through a plurality of data-lines based on
the scan signal, a compensation control unit that simulta-
neously supplies a threshold voltage compensation signal to
the pixels, and a light emitting control unit that simulta-
neously supplies a light emitting control signal to the pixels.
Here, each of the pixels may include an organic light emitting
diode, a driving transistor having a first electrode that receives
the first power source voltage and a second electrode that is
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coupled to the organic light emitting diode, a first transistor
that is coupled between the data-line and the gate electrode of
the driving transistor, and that supplies the data signal to the
gate electrode of the driving transistor in response to the scan
signal, a second transistor that is coupled between the second
electrode of the driving transistor and the gate electrode of the
driving transistor, and that diode-couple the driving transistor
in response to the threshold voltage compensation signal, a
first capacitor coupled between the first electrode of the driv-
ing transistor and the gate electrode of the driving transistor,
a second capacitor coupled between the first capacitor and the
gate electrode of the driving transistor, and a third transistor
coupled between the second electrode of the driving transistor
and the organic light emitting diode, that periodically turns on
and off in response to the light emitting control signal.
[0019] In exemplary embodiments, the driving transistor
and the first through third transistors may be p-channel metal
oxide semiconductor (PMOS) transistors.

[0020] In exemplary embodiments, organic light emitting
diodes may emit light simultaneously in response to the light
emitting control signal that is simultaneously supplied to the
pixels. Here, each of the organic light emitting diodes may be
included in each of the pixels.

[0021] In exemplary embodiments, threshold voltages of
driving transistors may be simultaneously compensated
based on the threshold voltage compensation signal that is
simultaneously supplied to the pixels. Here, each of the driv-
ing transistors may be included in each of the pixels.

[0022] In exemplary embodiments, the data signal and a
reference signal may be alternately applied to the pixels
through the data-line. Here, the reference signal may initial-
ize the first capacitor.

[0023] Inexemplary embodiments, a panel-load of the dis-
play panel and power consumption may decrease as the first
power source voltage and the second power source voltage
are supplied as direct-current (DC) power source voltages.
[0024] In exemplary embodiments, the organic light emit-
ting display device may further include a timing controller
that controls the scan driving unit, the data driving unit, the
compensation control unit and the light emitting control unit.
[0025] According to some exemplary embodiments, a
method of driving an organic light emitting display device
may include a step of'initializing a storage capacitor by simul-
taneously applying a reference signal to a plurality of pixels
through a plurality of data-lines, each of the pixels having a
p-channel metal oxide semiconductor (PMOS) transistor, a
step of diode-coupling a driving transistor by simultaneously
applying a threshold voltage compensation signal having a
logic low level to the pixels, a step of sequentially applying a
scan signal having a logic low level to the pixels through a
plurality of scan-lines, a step of applying a data signal to the
pixels through the data-lines based on the scan signal, a step
of simultaneously applying a light emitting control signal
having a logic low level to the pixels after the scan signal is
sequentially applied to all of the pixels, and a step of applying
a first power source voltage as a direct-current (DC) power
source voltage to organic light emitting diodes based on the
light emitting control signal, each of the organic light emit-
ting diodes being in each of the pixels.

[0026] In exemplary embodiments, a data voltage of a pre-
vious frame stored in the storage capacitor may be changed
into a reference voltage corresponding to the reference signal,
and a voltage of a gate electrode of the driving transistor may
be changed into a voltage corresponding to a difference
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between the first power source voltage and a threshold voltage
of'the driving transistor when the storage capacitor is initial-
ized.

[0027] In exemplary embodiments, a leaked part may be
recharged and compensated by applying a voltage corre-
sponding to a difference between the first power source volt-
age and the threshold voltage of the driving transistor to the
gate electrode of the driving transistor when the driving tran-
sistor is diode-coupled.

[0028] In exemplary embodiments, the reference voltage
stored in the storage capacitor may be changed into a data
voltage corresponding to a data signal, and the voltage of the
gate electrode of the driving transistor may be reduced by a
difference between the reference voltage and the data voltage
by a capacitor coupling when the data signal is applied to the
pixels.

[0029] In exemplary embodiments, organic light emitting
diodes may simultaneously emit light based on the light emit-
ting control signal. Here, each of the organic light emitting
diodes may be included in each of the pixels.

[0030] Therefore, an organic light emitting display device
according to an exemplary embodiment may perform a simul-
taneous emission with active voltage (SEAV) operation using
a DC power source voltage. Thus, the organic light emitting
display device may be implemented by a simple circuit struc-
ture, and may consume a small amount of power because the
organic light emitting display device does not include a driv-
ing circuit for changing a power source voltage.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] A more complete appreciation of the invention, and
many of the attendant advantages thereof, will be readily
apparent as the same becomes better understood by reference
to the following detailed description when considered in con-
junction with the accompanying drawings, in which like ref-
erence symbols indicate the same or similar components,
wherein:

[0032] FIG.1is acircuit diagram illustrating a pixel circuit
according to an exemplary embodiment;

[0033] FIG. 2 is a timing diagram illustrating a method of
driving an organic light emitting display device of FIG. 1;
[0034] FIGS. 3A through 3F are diagrams illustrating a
method of driving an organic light emitting display device of
FIG. 1,

[0035] FIG.4is aflow chartillustrating a method of driving
an organic light emitting display device according to the
exemplary embodiment;

[0036] FIG. 5 is a diagram illustrating a display panel hav-
ing a pixel circuit of FIG. 1;

[0037] FIG. 6 is a block diagram illustrating an organic
light emitting display device according to the exemplary
embodiment; and

[0038] FIG. 7 is a block diagram illustrating an electric
device having an organic light emitting display device of FIG.
6.

DETAILED DESCRIPTION OF THE INVENTION

[0039] Various exemplary embodiments will be described
more fully hereinafter with reference to the accompanying
drawings, in which some exemplary embodiments are shown.
[0040] The present inventive concept may, however, be
embodied in many different forms and should not be con-
strued as limited to the exemplary embodiments set forth
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herein. Rather, these exemplary embodiments are provided so
that this disclosure will be thorough and complete, and will
fully convey the scope of the present inventive concept to
those skilled in the art. In the drawings, the sizes and relative
sizes of layers and regions may be exaggerated for clarity.
Like numerals refer to like elements throughout.

[0041] It will be understood that, although the terms first,
second, third, etc., may be used herein to describe various
elements, these elements should not be limited by these
terms. These terms are used to distinguish one element from
another. Thus, a first element discussed below could be
termed a second element without departing from the teach-
ings ofthe present inventive concept. As used herein, the term
“and/or” includes any and all combinations of one or more of
the associated listed items.

[0042] It will be understood that when an element is
referred to as being “connected” or “coupled” to another
element, it may be directly connected or coupled to the other
element or intervening elements may be present. In contrast,
when an element is referred to as being “directly connected”
or “directly coupled” to another element, there are no inter-
vening elements present. Other words used to describe the
relationship between elements should be interpreted in a like
fashion (e.g., “between” versus “directly between,” “adja-
cent” versus “directly adjacent,” etc.).

[0043] The terminology used herein is for the purpose of
describing particular exemplary embodiments only and is not
intended to be limiting of the present inventive concept. As
used herein, the singular forms “a,” “an” and “the” are
intended to include the plural forms as well, unless the con-
text clearly indicates otherwise. It will be further understood
that the terms “comprises” and/or “comprising,” when used in
this specification, specify the presence of stated features,
integers, steps, operations, elements, and/or components, but
do not preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components,
and/or groups thereof.

[0044] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this inventive concept belongs. It will be further under-
stood that terms, such as those defined in commonly used
dictionaries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0045] FIG.1is acircuit diagram illustrating a pixel circuit
according to an exemplary embodiment.

[0046] Referring to FIG. 1, a pixel circuit 10 includes a
pixelunit 20 coupled to an organic light emitting diode OLED
and a light emitting control transistor M3. The light emitting
control transistor M3 is coupled between the pixel unit 20 and
the organic light emitting diode OLED. The pixel unit 20 is
coupled to the crossing point of a data-line Dm and a scan-line
Sn, and receives the first power source voltage ELVDD and
the second voltage ELVSS that are direct-current (DC) power
source voltages.

[0047] The pixel unit 20 may include a driving transistor
Mdr, a transistor M1, a transistor M2, a capacitor C1, and a
capacitor C2. The driving transistor Mdr may include a first
electrode that receives the first power source voltage ELVDD
and a second electrode that is coupled at node N3 to the
organic light emitting diode OLED. The transistor M1 may be
coupled between a data-line Dm and, via node N1, capacitor
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C2 and node N2, the gate electrode of the driving transistor
Mdr, and may supply a data signal DATA to the gate electrode
of the driving transistor Mdr in response to a scan signal
SCAN(n). The transistor M2 may be coupled between the
second electrode of the driving transistor Mdr at node N3 and
the gate electrode of the driving transistor Mdr at node N2.
The capacitor C1 may be coupled between the first electrode
of the driving transistor Mdr and the gate electrode of the
driving transistor Mdr at node N1. The capacitor C2 may be
coupled between the capacitor C1 at node N1 and the gate
electrode of the driving transistor Mdr.

[0048] The light emitting control transistor M3 is periodi-
cally turned on-off in response to a light emitting control
signal EM having a logic high level and a logic low level in a
frame. Namely, the power source voltages ELVDD and
ELVSS are periodically coupled with the organic light emit-
ting diode OLED based on open and close operations of the
light emitting control transistor M3. Accordingly, the pixel
circuit 10 may have the same effect as other pixel circuits that
periodically change the power source voltages ELVDD and
ELVSS. In other words, the pixel circuit 10 may periodically
change the power source voltages ELVDD and ELVSS by
controlling DC power source voltages (i.e., the power source
voltages ELVDD and ELVSS) using the light emitting control
transistor M3 without swinging the power source voltages
ELVDD and ELVSS using an extra driving circuit.

[0049] The light emitting control signal EM is simulta-
neously provided to a plurality of light emitting control tran-
sistors M3 included in a display panel (see FIG. 5). Accord-
ingly, the organic light emitting diode OLED that is coupled
to each of the light emitting control transistors M3 may simul-
taneously emit light. In detail, organic light emitting diodes
OLED included in the display panel may simultaneously emit
light when the light emitting signals EM are simultaneously
applied to the pixel circuits 10 after scan signals SCAN(n) are
sequentially applied to the pixel circuits 10 in a frame. There-
fore, simultaneous emission with active voltage (SEAV)
operation is performed using DC power source voltages (i.e.,
the power source voltages ELVDD and ELVSS), so that
power consumption may be reduced.

[0050] Thepixel circuit 10 may be implemented by p-chan-
nel metal oxide semiconductor (PMOS) transistors. That is,
the driving transistor Mdr, the transistor M1, the transistor
M2, and the light emitting control transistor M3 may be
PMOS transistors. Accordingly, the transistors (i.e., the driv-
ing transistor Mdr, the transistor M1, the transistor M2, and
the light emitting control transistor M3) may turn on when
signals having a logic low level are applied to gate electrodes
of'the transistors. On the other hand, the transistors may turn
off when signals having a logic high level are applied to gate
electrodes of the transistors.

[0051] A reference voltage corresponding to the reference
signal and a data voltage corresponding to the data signal
DATA may be alternately stored in the capacitor C1 when the
reference signal and the data signal DATA are alternately
applied through a data-line Dm. When the reference signal is
applied, a data voltage of a previous frame that is stored in the
capacitor C1 may be changed into the reference voltage cor-
responding to the reference signal, and a voltage of the gate
electrode of the driving transistor Mdr may be changed into a
voltage corresponding to a difference between the first power
source voltage ELVDD and a threshold voltage Vth of the
driving transistor Mdr. In detail, during a previous frame, a
voltage of the gate electrode of the driving transistor Mdr has
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a data voltage component of the previous frame. During a
current frame, a voltage of the gate electrode of the driving
transistor Mdr may be changed into a voltage corresponding
to a difference between the first power source voltage
ELVDD and a threshold voltage Vth of the driving transistor
Mdr by a coupling of the capacitor C2 when the reference
signal is applied. Therefore, a threshold voltage Vth of the
driving transistor Mdr may be compensated (e.g., referred to
as the first compensation).

[0052] The transistor M2 may be diode-couple the driving
transistor Mdr in response to a threshold voltage compensa-
tion signal GC. At this time, a voltage corresponding to a
difference between the first power source voltage ELVDD
and a threshold voltage Vth of the driving transistor Mdr may
be applied to the gate electrode of the driving transistor Mdr.
Thus, a part leaked from a voltage of the gate electrode of the
driving transistor Mdr (i.e., a voltage corresponding to a
difference between the first power source voltage ELVDD
and a threshold voltage Vth of the driving transistor Mdr) may
be recharged and compensated. Accordingly, a threshold volt-
age Vth of the driving transistor Mdr may be compensated
(e.g., referred to as the second compensation). Furthermore,
the threshold voltages Vth of the driving transistors Mdr
included in a plurality of pixel circuits 10 may be simulta-
neously compensated based on the threshold voltage com-
pensation signal GC that is simultaneously provided to the
pixel circuits 10. A compensation for a threshold voltage Vth
of the driving transistor Mdr will be described in more detail
later with reference to FIGS. 3A through 3F.

[0053] FIG. 2 is a timing diagram illustrating a method of
driving an organic light emitting display device of FIG. 1.

[0054] Referringto FIG. 2, one frame for driving an organic
light emitting display device may include periods A through
F. Namely, one frame may be divided into a non-light-emit-
ting period and a light-emitting period, the non-light-emitting
period may include an initialization period A (i.e., Init), a
compensation period B (i.e., Comp), scan periods C through
E (i.e., Scan), and the light-emitting period may include the
light emitting period F (i.e., Emission).

[0055] As described above, since the first power source
voltage ELVDD and the second power source voltage ELVSS
are direct-current (DC) power source voltages, the first power
source voltage ELVDD may have a constant value Vdd, and
the second power source voltage ELVSS may have a constant
value Vss. A data signal DATA may have a voltage level of a
reference voltage Vref. Various data voltage (i.e., a portion
indicating X) corresponding to the data signal DATA may be
provided to each of the pixels in scan periods Scan. The light
emitting control signal EM, the threshold voltage compensa-
tion signal GC, and the scan signal SCAN(n) may have a
voltage having a logic high level and a logic low level, respec-
tively. As described above, transistors that receive a voltage
having a logic low level (e.g., VEL or VGL) may turn on when
the voltage is applied to the transistors because the transistors
are implemented by PMOS transistors. On the other hand,
transistors that receive a voltage having a logic high level
(e.g., VEH or VGH) may turn off when the voltage is applied
to the transistors because the transistors are implemented by
PMOS transistors. Here, a voltage having a logic high level
and a voltage having a logic low level may be set as various
values based on required conditions for a product having an
organic light emitting display device.

[0056] FIGS. 3A through 3F are diagrams illustrating a
method of driving an organic light emitting display device of
FIG. 1. Hereinafter, referring to FIGS. 3A through 3F, the
method will be described in detail.
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[0057] Referring to FIG. 3A, the first period A may corre-
spond to an initialization phase Init. In the first period A, scan
signals SCAN may be simultaneously applied to all scan-
lines. In other words, a scan voltage VSL having a logic low
level may be applied to all scan-lines. Thus, the transistor M1
turns on, and the reference voltage Vref'is applied to the node
N1 through a data-line Dm. As a result, a voltage of a capaci-
tor C1 may be changed from a data voltage Vdata of a previ-
ous frame to a reference voltage Vref. That is, information of
aprevious frame (i.e., a data voltage of a previous frame) may
be initialized. A voltage of the node N2 is changed from a
voltage of a previous frame to a voltage of a current frame by
a coupling of the capacitor C2 when a voltage of the node N1
is changed from the data voltage Vdata to the reference volt-
age Vref. In other words, a component of the data voltage
Vdata of a previous frame and a component of the reference
voltage Vref of a previous frame may be removed from a
voltage consisting of a voltage corresponding to a difference
between the first power source voltage Vdd and a threshold
voltage Vth of the driving transistor Mdr, and components of
the data voltage Vdata and the reference voltage Vref of a
previous frame. This is expressed as Equation 1.

VN2=Vdd-Vth-(Vref-Vdata)Vdd-Vith

[0058] (Here, VN2 denotes a voltage of the node N2)
[0059] The transistor M2 and the transistor M3 are in off-
state because a threshold voltage compensation signal GC
and a light emitting control signal EM are applied as a voltage
having a logic high level.

[0060] Referring to FIG. 3B, the second period B may
correspond to a compensation interval Comp. In the second
period B, a threshold voltage compensation signal VGL hav-
ing a logic low level is applied to the transistor M2. Thus, the
driving transistor Mdr may be diode-coupled because the
transistor M2 turns on. At this time, a voltage leaked from a
voltage of the node N2 set at the first period A (i.e., a voltage
corresponding to a difference between the first power source
voltage Vdd and a threshold voltage Vth of the driving tran-
sistor Mdr) may be recharged and compensated because a
voltage corresponding to a difference between the first power
source voltage Vdd and a threshold voltage Vth of the driving
transistor Mdr is applied to the node N2. As a result, a com-
ponent of a threshold voltage Vth of the driving transistor Mdr
is applied to the gate electrode of the driving transistor Mdr in
the first period A, and a component of a threshold voltage Vth
ofthe driving transistor Mdr is applied to the gate electrode of
the driving transistor Mdr in the second period B. Thus, a
threshold voltage Vth of the driving transistor Mdr may be
effectively compensated. In addition, each threshold voltage
Vith of the driving transistors Mdr included in a plurality of
pixel circuits 10 may be simultaneously compensated based
on the threshold voltage compensation signal GC that is
simultaneously provided to the pixel circuits 10. The transis-
tor M3 is in off-state because the light emitting control signal
EM is applied as a logic high level.

[0061] Referring to FIG. 3C, the third period C may corre-
spond to a scan period Scan. In the third period C, a data signal
DATA corresponding to an image which each of the pixel
circuits 10 displays may be applied to each of the pixel cir-
cuits 10 through a data-line Dm. A pixel circuit 10 that is not
scanned is shown in FIG. 3C. Here, a scan signal SCAN
having a logic high level VSH is applied, so that the transistor
M1 may turn off. In addition, the transistor M2 may turn off
because a threshold voltage compensation signal GC having
alogic high level is applied to the transistor M2. Accordingly,
the node N1 is maintained as the reference voltage Vref, and
the node N2 is maintained as a voltage corresponding to a
difference between the first power source voltage Vdd and a

Equation 1
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threshold voltage Vth of the driving transistor Mdr because a
voltage stored in the capacitor C2 is maintained.

[0062] Referring to FIG. 3D, the fourth period D may cor-
respond to a scan period Scan. A scan signal SCAN(n) is
applied to the transistor M1 of the n(th) pixel circuit, so that a
data signal DATA may be input through the data-line Dm in
the fourth period D. Accordingly, a data signal DATA corre-
sponding to an image which the n(th) pixel circuit displays
may be stored in the capacitor C1. In other words, a voltage of
the node N1 is changed from areference voltage Vrefto a data
voltage Vdata. As a result, a voltage of the node N2 may be
changed by a variation of a voltage of the node N1 by a
coupling of the capacitor C2. This is expressed as Equation 2
and Equation 3.

V1 =Vref—Vdata
[0063]
Vo =Vdd-Vih—Vdd-Vth-(Vref-Vdata)

[0064] (Here, V,, denotes a voltage of the node N2)
[0065] Sincethe threshold voltage compensation signal GC
and the light emitting control signal EM having a logic high
level are applied, the transistor M2 and the transistor M3 may
be in off-state.

[0066] Referring to FIG. 3E, the fifth period E may corre-
spond to the scan period Scan. For all pixel circuits included
in a display panel, data scanning is sequentially (i.e., by the
line) performed. Namely, the data scanning is performed for
the pixel circuits as described referring to FIG. 3D. Data
scanning is completed in the fifth period E before a plurality
of organic emitting light diodes simultaneously emit light in
the sixth period F. That is, the periods A through E correspond
to non light emitting periods.

[0067] Referring to FIG. 3F, the sixth period F may corre-
spond to an emission period Emission. In the sixth period F, a
light emitting control signal VEL having a logic low level is
applied to the transistor M3. Then, the transistor M3 turns on,
so that an organic light emitting diode current I, ., may flow
through the organic light emitting diode OLED. Thus, the
organic light emitting diode OLED may emit light. Here, the
organic light emitting diode current 1, ., includes a voltage
component that is set at the node N2. As described above, in
the scan period Scan, the organic light emitting diode current
lorzp has a value generated by eliminating a component
corresponding to a threshold voltage Vth of the driving tran-
sistor Mdr because the voltage that is set at the node N2
includes the component corresponding to a threshold voltage
Vth of the driving transistor Mdr. This is expressed as Equa-
tion 4 through Equation 7.

Vs=Vdd

[0068] (Here, Vs denotes a voltage of the source elec-
trode of the driving transistor Mdr)

Equation 2
(Here, V,,, denotes a voltage of the node N1)

Equation 3

Equation 4

Vg=Vdd-Vth-(Vref-Vdata) Equation 5

[0069] (Here, Vg denotes a voltage of the gate electrode
of the driving transistor Mdr)

Vsg=Vdd-{Vdd-Vih-(Vref-Vdata) }=Vref- Vdata+Vth ~ Equation 6

Lo ep=Yo K (Vsg—Vih)?=Vo* k¥ (Vref- Vdata)? Equation 7

[0070] (Here, k denotes a constant according to the driv-
ing transistor Mdr)

[0071] As shown in Equation 7, a component correspond-

ing to the threshold voltage Vth of the driving transistor Mdr
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is removed. Hence, the organic light emitting diode OLED
may allow the organic light emitting diode current I ,; -, that
is irrelevant to a threshold voltage Vth of the driving transistor
Mdr to flow. As a result, deviations among pixel circuits may
be eliminated.

[0072] In addition, it is determined whether a saturation
condition according to a magnitude of a data voltage Vdata is
met or not as shown in Equation 8 below.

[0073] (1) In case of Vdata=Vref,

Vsd=Vdd>Vsg-Vih=Vth-Vth=0, the saturation condi-
tion is met.

[0074] (2) In case of Vdata=0,
Vsd=Vdd>Vsg-Vith=Vref, the saturation condition is
met. Equation 8
[0075] (Here, Vsd denotes a voltage between a source

electrode and a drain electrode of the driving transistor

Mdr)
[0076] A light emitting control signal EM may be simulta-
neously provided to a plurality of pixel circuits. Thus, an
organic light emitting diode OLED in each pixel circuit may
simultaneously emit light. Hence, a simultaneous emission
with active voltage (SEAV) operation may be performed
using direct-current (DC) power source voltages. The tran-
sistors M1 and M2 are in turn-off state because a scan signal
SCAN having a logic high level and a threshold voltage
compensation signal GC having a logic high level are applied
to the transistors M1 and M2, respectively.
[0077] FIG. 4is a flow chart illustrating a method of driving
an organic light emitting display device according to the
exemplary embodiment.
[0078] Referringto FIG. 4, a storage capacitor is initialized
by simultaneously applying a reference signal to a plurality of
pixels through a plurality of data-lines (Step S10). The pixels
may include PMOS transistors. Then, a driving transistor is
diode-coupled by simultaneously applying a threshold volt-
age compensation signal having a logic low level (Step S20).
A scan signal having a logic low level is sequentially applied
to the pixels through a plurality of scan-lines (Step S30), and
a data signal is applied to the pixels through the data-lines
based on the scan signal (Step S40). A light emitting control
signal having a logic low level is simultaneously applied to
the pixels after the scan signal is sequentially applied to all
pixels (Step S50). Then, a first power source voltage that is
DC power source voltage is applied to organic light emitting
diodes included in the pixels based on a light emitting control
signal (Step S60). As a result, the organic light emitting
diodes simultaneously emit light. Based on the method of
FIG. 4, a simultaneous emission with active voltage (SEAV)
operation may be performed using the DC power source
voltage. Duplicated descriptions will be omitted.
[0079] FIG. 5 is a diagram illustrating a display panel hav-
ing a pixel circuit of FIG. 1.
[0080] Referringto FIG.5, adisplay panel 100 may include
a plurality of pixels PIXEL. The pixels PIXEL are coupled to
crossing points of a plurality of data-lines D1 through Dm and
a plurality of scan-lines 51 through Sn. That is, the pixels
PIXEL are arranged in a matrix form. Each of the pixels
PIXEL may sequentially receive scan signals through the
scan-lines 51 through Sn. For instance, the scan signals may
be sequentially input from a scan-line 51 to a scan-line Sn.
Based on the scan signals, data signals corresponding to an
image may be input to the pixels PIXEL through the data-
lines D1 through Dm.
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[0081] Power source voltages ELVDD and ELVSS that are
DC power source voltages may be provided to the pixels
PIXEL in a display panel 100. Hence, extra driving circuits
(e.g.,apower switching circuit, etc) for periodically changing
power source voltages may be unnecessary, and power con-
sumption may be reduced as panel loads decrease.

[0082] A light emitting control signal EM and a threshold
voltage compensation signal GC may be simultaneously pro-
vided to each of the pixels PIXEL. Thus, the pixels PIXEL in
the display panel 100 may be simultaneously compensated. In
addition, the pixels PIXEL in the display panel 100 may
simultaneously emit light.

[0083] FIG. 6 is a block diagram illustrating an organic
light emitting display device according to the exemplary
embodiment.

[0084] Referring to FIG. 6, an organic light emitting dis-
play device 600 may include a display panel 100, a timing
controller 110, a data driver 120, a scan driver 130, a com-
pensation controller 140 and a light emission driver 150.
[0085] The display panel 100 may include a plurality of
pixels, and may receive a first power source voltage ELVDD
and a second power source voltage ELVSS that are direct-
current (DC) power source voltages. Each of the pixels may
include an organic light emitting diode, a driving transistor, a
transistor that receives a scan signal, a transistor that receives
a threshold voltage compensation signal GC, and a transistor
that receives a light emitting control signal EM. Each of the
transistors may be PMOS transistors.

[0086] The scan driver 130 may sequentially provide scan
signals to the pixels through a plurality of scan-lines S1
through Sn. The data driver 120 may provide data signals to
the pixels through a plurality of data-lines D1 through Dm
based on the scan signals. The compensation controller 140
may simultaneously provide the threshold voltage compen-
sation signal GC to the pixels. The light emission driver 150
may simultaneously provide the light emitting control signal
EM to the pixels. The timing controller 110 may control the
scan driver 130, the data driver 120, the compensation con-
troller 140, and the light emission driver 150.

[0087] The threshold voltage compensation signal GC and
light emitting control signal EM may be simultaneously pro-
vided to the pixels. Thus, the pixels may be simultaneously
compensated. In addition, the pixels may simultaneously
emit light.

[0088] FIG. 7 is a block diagram illustrating an electric
device having an organic light emitting display device of FIG.
6.

[0089] Referring to FIG. 7, the electric device 1000 may
include a processor 1100, a memory device 1200, an Input-
Output (I/O) device 1300, and the light emitting display
device 600.

[0090] The processor 1100 may perform various comput-
ing functions. For instance, the processor 1100 may be a
micro-processor or a Central Processing Unit (CPU). The
processor 1100 may be coupled to the memory device 1200
through a bus 1001. The processor 1100 may be coupled to
the memory device 1200 and the light emitting display device
600 through an address bus, a control bus, and a data bus. The
processor 1100 may be coupled to an extension bus such as a
Peripheral Component Interconnects (PCI) bus.

[0091] The memory device 1200 may include a volatile
memory device such as a Dynamic Random Access Memory
(DRAM) device, a Static Random Access Memory (SRAM)
device, etc, and a non-volatile memory device such as an
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Erasable Programmable Read-Only Memory (EPROM)
device, an Electrically Erasable Programmable Read-Only
Memory (EEPROM) device, and a flash memory device, etc.
The memory device 1200 may store the software that is
performed by the processor 1100.

[0092] The I/O device 1300 may be coupled to the bus
1001, and may include input means such as a keyboard, a
mouse, etc, and output means such as a printer. The processor
1100 may control operations of the I/O device 1300.

[0093] The light emitting display device 600 may be
coupled to the processor 1001 through the bus 1001. The light
emitting display device 600 may include a display panel 100
and a light emission driver 150. As described above, a plural-
ity of pixels in the display panel 100 may be provided with DC
power source voltage, and may be simultaneously provided
with a threshold voltage compensation signal. Thus, the pix-
els in the display panel 100 may be simultaneously compen-
sated. In addition, the pixels may simultaneously emit light by
simultaneously receiving a light emitting control signal from
the light emission driver 150.

[0094] As a result, the light emitting display device 600
may perform a simultaneous emission with active voltage
(SEAV) operation using a direct-current (DC) power source
voltage.

[0095] The electric device 1000 may correspond to an elec-
tric device having at least one display device such as a cellular
phone, a smart phone, a smart pad, a television, a Personal
Digital Assistant (PDA), a MP3 player, a laptop computer, a
desk top computer, a digital camera, etc.

[0096] The present inventive concept may be widely
applied to an electric device having at least one display
device. For example, the present inventive concept may be
applied to a computer monitor, a laptop computer, a personal
digital assistant PDA, a smart phone, a smart pad, a medium-
large size display panel, etc.

[0097] 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 modifica-
tions are possible in the exemplary embodiments without
materially departing from the novel teachings and advantages
of the present inventive concept. Accordingly, all such modi-
fications 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 exemplary embodiments and is not to be construed as
limited to the specific exemplary embodiments 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:

a pixel unit coupled to a crossing point of a data-line and a
scan-line, and configured to receive a first power source
voltage and a second power source voltage, the first and
second power source voltages being direct-current (DC)
power source voltages;

an organic light emitting diode coupled to the pixel unit;
and

a light emitting control transistor coupled between the
pixel unit and the organic light emitting diode, the light
emitting control transistor periodically turning on and
off in response to a light emitting control signal having a
logic high level and a logic low level in a frame, the light
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emitting control signal being simultaneously provided
to a plurality of said light emitting control transistors in
a display panel.

2. The pixel circuit as set forth in claim 1, the pixel unit
including:

a driving transistor having a first electrode that receives the
first power source voltage and a second electrode that is
coupled to the organic light emitting diode;

a first transistor coupled between the data-line and a gate
electrode of the driving transistor, and configured to
supply a data signal to the gate electrode of the driving
transistor in response to a scan signal,

a second transistor coupled between the second electrode
of the driving transistor and the gate electrode of the
driving transistor;

a first capacitor coupled between the first electrode of the
driving transistor and the gate electrode of the driving
transistor; and

a second capacitor coupled between the first capacitor and
the gate electrode of the driving transistor.

3. The pixel circuit as set forth in claim 2, the light emitting
control transistor, the driving transistor, the first transistor, the
second transistor and the light emitting control transistor
being p-channel metal oxide semiconductor (PMOS) transis-
tors.

4. The pixel circuit as set forth in claim 3, the second
transistor applying a threshold voltage of the driving transis-
tor to the second capacitor by diode-coupling the driving
transistor in response to a threshold voltage compensation
signal.

5. The pixel circuit as set forth in claim 4, the light emitting
control transistor being coupled between the second electrode
of the driving transistor and the organic light emitting diode.

6. The pixel circuit as set forth in claim 5, the light emitting
control transistor periodically coupling the first power source
voltage to the organic light emitting diode in response to the
light emitting control signal.

7. The pixel circuit as set forth in claim 6, a reference
voltage and a data voltage being alternately stored in the first
capacitor as a reference signal and the data signal being
alternately applied through the data-line, the reference volt-
age corresponding to the reference signal, and the data volt-
age corresponding to the data signal.

8. The pixel circuit as set forth in claim 7, a data voltage of
a previous frame stored in the first capacitor being changed
into the reference voltage, and a voltage of the gate electrode
of the driving transistor being changed into a voltage corre-
sponding to a difference between the first power source volt-
age and the threshold voltage of the driving transistor when
the reference signal is applied.

9. An organic light emitting display device comprising:

a display panel having a plurality of pixels configured to
receive a first power source voltage and a second power
source voltage that are direct-current (DC) power source
voltages;

a scan driving unit configured to sequentially supply a scan
signal to the pixels through a plurality of scan-lines;

a data driving unit configured to supply a data signal to the
pixels through a plurality of data-lines based on the scan
signal;

a compensation control unit configured to simultaneously
supply a threshold voltage compensation signal to the
pixels; and
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a light emitting control unit configured to simultaneously
supply a light emitting control signal to the pixels, each
of the pixels including:
an organic light emitting diode;

a driving transistor having a first electrode that receives
the first power source voltage and a second electrode
that is coupled to the organic light emitting diode;

a first transistor coupled between the data-line and the
gate electrode of the driving transistor, and configured
to supply the data signal to the gate electrode of the
driving transistor in response to the scan signal;
second transistor coupled between the second elec-
trode of the driving transistor and the gate electrode of
the driving transistor, and configured to diode-couple
the driving transistor in response to the threshold volt-
age compensation signal;

a first capacitor coupled between the first electrode of
the driving transistor and the gate electrode of the
driving transistor;

a second capacitor coupled between the first capacitor
and the gate electrode of the driving transistor; and

a third transistor coupled between the second electrode
of the driving transistor and the organic light emitting
diode, and configured to periodically turn on and off
in response to the light emitting control signal.

10. The organic light emitting display device as set forth in
claim 9, the driving transistor and the first through third
transistors being p-channel metal oxide semiconductor
(PMOS) transistors.

11. The organic light emitting display device as set forth in
claim 10, the organic light emitting diodes emitting light
simultaneously in response to the light emitting control signal
that is simultaneously supplied to the pixels, each of the
organic light emitting diodes being included in each of the
pixels.

12. The organic light emitting display device as set forth in
claim 11, threshold voltages of driving transistors being
simultaneously compensated based on the threshold voltage
compensation signal that is simultaneously supplied to the
pixels, each of the driving transistors being included in each
of the pixels.

13. The organic light emitting display device as set forth in
claim 12, the data signal and a reference signal being alter-
nately applied to the pixels through the data-line, the refer-
ence signal initializing the first capacitor.

14. The organic light emitting display device as set forth in
claim 13, a panel-load of the display panel and power con-
sumption decreasing as the first power source voltage and the
second power source voltage are supplied as direct-current
(DC) power source voltages.

15. The organic light emitting display device as set forth in
claim 14, further comprising:

a timing controller configured to control the scan driving
unit, the data driving unit, the compensation control unit
and the light emitting control unit.

16. A method of driving an organic light emitting display

device, the method comprising:

initializing a storage capacitor by simultaneously applying
a reference signal to a plurality of pixels through a plu-
rality of data-lines, each of the pixels having a p-channel
metal oxide semiconductor (PMOS) transistor;

diode-coupling a driving transistor by simultaneously
applying a threshold voltage compensation signal hav-
ing a logic low level to the pixels;

o
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sequentially applying a scan signal having a logic low level

to the pixels through a plurality of scan-lines;

applying a data signal to the pixels through the data-lines

based on the scan signal;
simultaneously applying a light emitting control signal
having a logic low level to the pixels after the scan signal
is sequentially applied to all of the pixels; and

applying a first power source voltage as a direct-current
(DC) power source voltage to organic light emitting
diodes based on the light emitting control signal, each of
the organic light emitting diodes being in each of the
pixels.

17. The method as set forth in claim 16, a data voltage of a
previous frame stored in the storage capacitor being changed
into a reference voltage corresponding to the reference signal,
and a voltage of a gate electrode of the driving transistor being
changed into a voltage corresponding to a difference between
the first power source voltage and a threshold voltage of the
driving transistor when the storage capacitor is initialized.
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18. The method as set forth in claim 17, a leaked voltage
part being recharged and compensated by applying a voltage
corresponding to a difference between the first power source
voltage and the threshold voltage of the driving transistor to
the gate electrode of the driving transistor when the driving
transistor is diode-coupled.

19. The method as set forth in claim 18, the reference
voltage stored in the storage capacitor being changed into a
data voltage corresponding to a data signal and the voltage of
the gate electrode of the driving transistor being reduced by a
difference between the reference voltage and the data voltage
by a capacitor coupling when the data signal is applied to the
pixels.

20. The method as set forth in claim 19, organic light
emitting diodes simultaneously emitting light based on the
light emitting control signal, each of the organic light emit-
ting diodes being included in each of the pixels.
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