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ORGANIC LIGHT EMITTING DISPLAY
DEVICE AND METHOD OF DRIVING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2013-0040182, filed on
Apr. 12, 2013 in the Korean Intellectual Property Office, the
entire content of which is incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] Aspects of embodiments of the present invention
relate to anorganic light emitting display device and a method
of driving the organic light emitting display device.

[0004] 2. Description of the Related Art

[0005] Recently, various flat panel displays (FPDs) capable
of reducing weight and volume compared to those of cathode
ray tube (CRT) devices have been developed. The FPDs
include liquid crystal displays (LCDs), field emission dis-
plays (FEDs), plasma display panels (PDPs), and organic
light emitting display devices.

[0006] Among the FPDs, the organic light emitting display
devices display images using organic light emitting diodes
(OLEDs) that generate light by re-combination of electrons
and holes. Organic light emitting display devices have high
response speed and are driven with low power consumption.

SUMMARY

[0007] Embodiments of the present invention are directed
to organic light emitting display devices and methods of
driving the organic light emitting display devices. Further
embodiments are directed to organic light emitting display
devices capable of displaying images with consistent light
emission of pixels being driven with the same gray level and
consistent contrast between pixels being driven with different
gray levels.

[0008] In an embodiment of the present invention, an
organic light emitting display device is provided. The organic
light emitting display device includes a scan driver config-
ured to supply scan signals to scan lines concurrently during
a first period of a single frame and progressively during a
second period of the single frame, a data driver configured to
supply data signals to data lines in synchronization with the
scan signals progressively supplied to the scan lines during
the second period, pixels coupled to the scan lines and the data
lines, a first voltage driver configured to supply a first voltage
varying between a low-level first voltage and a high-level first
voltage to the pixels during the single frame, and a second
voltage driver configured to supply a second voltage varying
between a low-level second voltage and a high-level second
voltage to the pixels during the single frame. The first period
is divided into an initialization period, a threshold voltage
compensation period, and a stabilization period. The data
driver is configured to supply a first initialization voltage to
the data lines for some of the initialization period, a reference
voltage that is higher than the first initialization voltage to the
data lines during the threshold voltage compensation period,
and a second initialization voltage that is lower than the
reference voltage to the data lines for some of the stabilization
period.
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[0009] The first voltage driver may be further configured to
supply the low-level first voltage during the initialization
period and to supply the high-level first voltage during the
threshold voltage compensation period, the stabilization
period, and the second period.

[0010] Thesecond voltage driver may be further configured
to supply the low-level second voltage during a third period of
the single frame and the high-level second voltage during the
first period and the second period.

[0011] The first initialization voltage may be a voltage that
turns on a driving transistor included in each of the pixels.
[0012] The second initialization voltage may be a voltage
corresponding to one of the data signals of a maximum gray
level.

[0013] The organic light emitting display device may fur-
ther include a control line driver configured to supply a con-
trol signal to control lines for some of the threshold voltage
compensation period, the control lines being commonly
coupled to the pixels.

[0014] Each of the pixels may include: an organic light
emitting diode (OLED); a driving transistor configured to
control an amount of current to supply to the OLED; a second
capacitor including a first terminal coupled to a gate electrode
of the driving transistor; a first transistor coupled between a
second terminal of the second capacitor and a corresponding
one of the data lines, and configured to turn on when a cor-
responding one of the scan signals is supplied to a corre-
sponding one of the scan lines during the second period; a
third transistor coupled between an anode electrode of the
OLED and the gate electrode of the driving transistor, and
configured to turn on when the control signal is supplied to a
corresponding one of the control lines; and a first capacitor
coupled between the second terminal of the second capacitor
and the first voltage driver.

[0015] In another embodiment of the present invention, an
organic light emitting display device is provided. The,
organic light emitting display device includes a scan driver
configured to supply scan signals to scan lines concurrently
during a first period of a single frame and progressively dut-
ing a second period of the single frame, a data driver config-
ured to supply data signals to data lines in synchronization
with the scan signals progressively supplied to the scan lines
during the second period, pixels coupled to the scan lines and
the data lines, a first voltage driver configured to supply a first
voltage varying between a low-level first voltage and a high-
level first voltage to the pixels during the single frame, a
second voltage driver configured to supply a second voltage
varying between a low-level second voltage and a high-level
second voltage to the pixels during the single frame, and a
switching unit coupled to the data lines. The first period is
divided into an initialization period, a threshold voltage com-
pensation period, and a stabilization period. The switching
unit is configured to supply at least one of a first initialization
voltage to the data lines for some of the initialization period,
a reference voltage that is higher than the first initialization
voltage to the data lines during the threshold voltage compen-
sation period, or a second initialization voltage that is lower
than the reference voltage to the data lines for some of the
stabilization period.

[0016] The switching unit may be further configured to
supply the first initialization voltage, the second initialization
voltage, and the reference voltage to the data lines.

[0017] The switching unit may include a first switch
coupled between the data lines and the first initialization
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voltage, a second switch coupled between the data lines and
the reference voltage, and a third switch coupled between the
data lines and the second initialization voltage.

[0018] Inyetanother embodiment of the present invention,
amethod of driving an organic light emitting display device is
provided. The method includes compensating threshold volt-
ages of driving transistors included in respective pixels while
concurrently supplying scan signals to scan lines, lowering
voltages of gate electrodes of the driving transistors and
equalizing voltages of first electrodes and second electrodes
of the driving transistors after the compensating ofthe thresh-
old voltages, transmitting data signals to the pixels while
progressively supplying the scan signals to the scan lines, and
emitting light concurrently from the pixels in response to gray
levels of the data signals.

[0019] The equalizing of the voltages may include supply-
ing an initialization voltage to data lines to lower the voltages
of the gate electrodes of the driving transistors.

[0020] The initialization voltage may correspond to one of
the data signals of a maximum gray level.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Example embodiments of the present invention are
described more fully hereinafter with reference to the accom-
panying drawings. It should be noted, however, that the
present invention may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided to more
fully convey the scope of the present invention to those skilled
in the art.

[0022] Inthe drawings, dimensions may be exaggerated for
clarity of illustration. It will be understood that when an
element is referred to as being “between” two elements, it can
be the only element between the two elements, or one or more
intervening elements may also be present. Like reference
numerals refer to like elements throughout.

[0023] FIG. 1 is a schematic view illustrating an organic
light emitting display device according to an embodiment of
the present invention;

[0024] FIG. 2 is a two-dimensional (2D) timeline view
illustrating a driving method of an organic light emitting
display device using simultaneous emission according to an
embodiment of the present invention;

[0025] FIG. 3 is a view illustrating an example driving
method of a three-dimensional (3D) image with an organic
light emitting display device and shutter glasses by progres-
sive emission;

[0026] FIG. 4 is a view illustrating an example driving
method of a 3D image with an organic light emitting display
device and shutter glasses by simultaneous emission accord-
ing to an embodiment of the present invention;

[0027] FIG. 5 is a circuit diagram illustrating an embodi-
ment of a pixel of FIG. 1;

[0028] FIG. 6 is a waveform diagram illustrating driving
waveforms of the pixel of FIG. 5 according to an embodiment
of the present invention;

[0029] FIG. 7 is a circuit diagram illustrating a parasitic
capacitance of a driving transistor in the pixel of FIG. 5;
[0030] FIG. 8 is a waveform diagram illustrating a voltage
change of a second electrode of the driving transistor when a
data signal of a low gray level (high data voltage) is supplied
to the pixel of FIG. 5 without a stabilization period,

[0031] FIG.9is a waveform diagram illustrating a voltage
change of the second electrode of the driving transistor when
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adata signal of a high gray level (low data voltage)is supplied
to the pixel of FIG. 5 without the stabilization period,
[0032] FIG. 10 is a waveform diagram illustrating a voltage
change of the second electrode of the driving transistor cor-
responding to a voltage difference between a first electrode
and the second electrode of the driving transistor in the pixel
of FIG. 5 during a stabilization period of an embodiment of
the present invention;

[0033] FIG. 11 is a waveform diagram illustrating a voltage
change of a gate electrode ofthe driving transistor in response
to the driving waveforms of an embodiment of the present
invention;

[0034] FIG. 12 is a view illustrating electric current varia-
tion corresponding to different pixel positions in response to
the driving waveforms of an embodiment of the present
invention; and

[0035] FIG. 13 is a schematic view illustrating an organic
light emitting display device according to another embodi-
ment of the present invention.

DETAILED DESCRIPTION

[0036] Hereinafter, organic light emitting display devices
and methods of driving the organic light emitting display
devices according to embodiments of the present invention
will be described with reference to the accompanying draw-
ings. Throughout the application, the use of the term
“coupled” may mean two elements are directly coupled (e.g.,
connected) or indirectly coupled (e.g., electrically connected)
through one or more intermediate elements. Herein, theuse of
the term “may,” when describing embodiments of the present
invention, refers to “one or more embodiments of the present
invention.” In addition, the use of alternative language, such
as “or,” when describing embodiments of the present inven-
tion, refers to “one or more embodiments of the present
invention” for each corresponding item listed.

[0037] FIG. 1 is a schematic view illustrating an organic
light emitting display device according to an embodiment of
the present invention.

[0038] Referring to FIG. 1, the organic light emitting dis-
play device includes a display unit 130 including pixels 140
coupled to scan lines S1 to Sn and data lines D1 to Dm, a scan
driver 110 for supplying scan signals to the scan lines S1 to
Sn, a control line driver 160 for supplying a control signal to
a control line (or control lines) GC commonly coupled to the
pixels 140, a data driver 120 for supplying data signals to the
data lines D1 to Dm, and a timing controller 150 for control-
ling the scan driver 110, the data driver 120, and the control
line driver 160. In addition, the organic light emitting display
device further includes a first voltage driver 170 for supplying
a first voltage ELVDD to the pixels 140 and a second voltage
driver 180 for supplying a second voltage ELVSS to the pixels
140.

[0039] The scan driver 110 supplies the scan signals to the
scan lines S1 to Sn. For example, the scan driver 110 may
supply the scan signals to the scan lines S1 to Sn concurrently
(e.g., simultaneously) or progressively (e.g. sequentially) for
different periods of a single frame.

[0040] The data driver 120 supplies the data signals to the
data lines D1 to Dm in synchronization with the scan signals
that are progressively supplied to the scan lines S1 to Sn
during a scan period. The data driver 120 supplies a first
initialization voltage Vintl and a second initialization voltage
Vint2 to overlap with scan signals that are concurrently (e.g,,
simultaneously) supplied to the scan lines S1 to Sn during an
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initialization period and a stabilization period. The data driver
120 supplies a reference voltage Vref to the data lines D1 to
Dm for periods when the data signals, the first initialization
voltage Vintl, or the second initialization voltage Vint2 are
not supplied.

[0041] The control line driver 160 supplies a control signal
to the control line GC. For example, the control line driver
160 may supply the control signal to the control line GC to
overlap with scan signals that are simultaneously supplied to
the scan lines S1 to Sn during the threshold voltage compen-
sation period, and not to overlap with the first initialization
voltage Vintl or the second initialization voltage Vint2.
[0042] The display unit 130 includes the pixels 140 posi-
tioned at crossing regions of the scan lines S1 to Sn and the
data lines D1 to Dm. The pixels 140 are supplied with the first
voltage ELVDD from the first voltage driver 170 and the
second voltage ELVSS from the second voltage driver 180.
These pixels 140 control the amount of current flowing from
the first voltage (ELVDD) driver 170 to the second voltage
(ELVSS) driver 180 via organic light emitting diodes
(OLED:s) corresponding to the data signals during a light
emitting period of a single frame. Then, the OLEDs emit light
with a set brightness (for example, a predetermined bright-
ness).

[0043] The first voltage driver 170 supplies the first voltage
ELVDD to the pixels 140. In one embodiment, the first volt-
age ELVDD alternates between a high level ELVDD(H) and
alow level ELVDD(L) for each frame. For example, the high
level ELVDD(H) of the first voltage ELVDD may be a voltage
sufficiently high to allow normal current to flow through the
pixels 140 while the low level ELVDD(L) may be a voltage
sufficiently low to prevent normal current from flowing
through the pixels 140.

[0044] The second voltage driver 180 supplies the second
voltage ELVSS to the pixels 140. In one embodiment, the
second voltage ELVSS alternates between a high level
ELVSS(H) and a low level ELVSS(L) for each frame. For
example, the high level ELVSS(H) of the second voltage
ELVSS may be a voltage sufficiently high to prevent normal
current from flowing through the pixels 140 while the low
level ELVSS(L) thereof may be a voltage sufficiently low to
allow normal current to flow through the pixels 140. Accord-
ingly, the pixels 140 emit light during the light emitting period
when the first voltage ELVDD is set to the high level ELVDD
(H) and the second voltage ELVSS is set to the low level
ELVSS(L) foreach frame, and the pixels 140 do not emit light
when the first voltage ELVDD is set to the low level ELVDD
(L) or the second voltage ELVSS is set to the high level
ELVSS(H).

[0045] FIG. 2 is a two-dimensional (2D) timeline view
illustrating a driving method of an organic light emitting
display device using simultaneous emission (or concurrent
emission) according to an embodiment of the present inven-
tion.

[0046] Referring to FIG. 2, the organic light emitting dis-
play device is driven in a simultaneous light emission manner.
In general, the driving method may be classified into a pro-
gressive emission or a simultaneous emission method. Pro-
gressive emission means generally that the scan signals are
progressively (for example, sequentially) input to the respec-
tive scan lines S1 to Sn (while data signals are synchronously
delivered through the data lines D1 to Dm to the pixels 140)
and the pixels 140 progressively emit light by ahorizontal line
unit in the same order as the scan signal (or data) input order.
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The pixels 140 may also progressively stop emitting light by
the horizontal line unit in this same order.

[0047] By contrast, concurrent or simultaneous emission
means generally that the scan signals are progressively input
to the respective scan lines S1 to Sn (while data signals are
synchronously delivered through the data lines D1 to Dm to
the pixels 140), but the pixels 140 wait to emit light concur-
rently (for example, simultaneously) after the scan signals
have been input (or the data has been input to all the pixels
140). A single frame of the two frames illustrated in FIG. 2 is
driven by simultaneous emission and is divided into (a) an
initialization period, (b) a threshold voltage compensation
period, (c) a stabilization (or stabilizing) period, (d) a scan
period, and (e) an emission (or light emitting) period. Here,
the pixels 140 are driven progressively scan line by scan line
during (d) the scan period while all the pixels 140 are simul-
taneously driven during the remaining periods including (a)
the initialization period, (b) the threshold voltage compensa-
tion period, (c) the stabilization period, and (e) the emission
period.

[0048] The initialization period is for initializing a voltage
of anode electrodes of OLEDs respectively included in the
pixels 140 to a voltage of a low level, such as the low-level
voltage ELVDD(L) of the first voltage ELVDD. As a result,
the OLEDs supplied with this low-level voltage do not emit
light.

[0049] The threshold compensation period is for compen-
sating a threshold voltage of the driving transistors included
in the respective pixels 140. During the threshold voltage
compensation period, a voltage corresponding to the thresh-
old voltage of the driving transistors is charged in second
capacitors (see FIG. 5) included in the respective pixels 140.

[0050] The stabilization period is for increasing a voltage
of drain electrodes of the driving transistors (that are coupled
to the anode electrodes of the OLEDs) to a high-level voltage
ELVDD(H) of the first voltage ELVDD. During the stabili-
zation period, uneven images (for example, different bright-
ness when displaying the same gray level or inconsistent
contrast when displaying different gray levels) are prevented
from being displayed. These uneven images may be due to
factors such as the leakage current of the driving transistors
and a voltage difference of the data signals. Details of the
stabilization period will be described later.

[0051] The scan period is for supplying the data signals to
the respective pixels 140. During the scan period, voltages
corresponding to the data signals are charged to the first
capacitors (see FIG. 5) respectively included in the pixels
140. The light emitting period is for emitting light from the
pixels 140 in response to the data signals supplied during the
scan period.

[0052] Since the respective operation periods (a) to (e) are
clearly divided in a visible manner in the driving method of
FIG. 2, the number of transistors included in the respective
pixels 140 and the number of signals for controlling the
transistors can be reduced. In addition, since the operation
periods (a)to (e) are clearly divided in a visible manner, a 3D
display using an organic light emitting display together with
shutter glasses can be easily implemented.

[0053] The 3D display with shutter glasses outputs a left-
eye image and right-eye image for each frame alternately. A
user wears the shutter glasses in which transmittance of left
eye/right eye are switched (alternated) between 0% and
100%. The shutter glasses provide the left-eye image to the
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left eye and the right-eye image to the right eye so that a user
sees a three-dimensional image.

[0054] FIG. 3 is a view illustrating an example driving
method of a three-dimensional (3D) image with an organic
light emitting display device and shutter glasses by progres-
sive emission.

[0055] Referring to FIG. 3, when an image is outputted
with progressive emission, the emission of the shutter glasses
should be switched off for as long as a response time (for
example, 2.5 ms) of the shutter glasses to prevent cross talk
occurring between the left-eye image and the right-eye
image. That is, a non-emission period is further created
between an i-th frame (i is a natural number) when the left-eye
image is outputted and an (i+1)-th frame when the right-eye
image is outputted, and this non-emission period may be as
long as the response time of the shutter glasses, resulting in a
low duty ratio.

[0056] FIG. 4 is a view illustrating an example driving
method of a 3D image with an organic light emitting display
device and shutter glasses by simultaneous emission accord-
ing to an embodiment of the present invention.

[0057] Referring to FIG. 4, light is emitted from the entire
display unit 130 simultaneously during the light emitting
periods when an image is outputted with simultaneous emis-
sion, and the pixels do not emit light during the remaining
periods. Therefore, the non-emission periods naturally take
place between the periods when the left-eye image is output-
ted and the periods when the right-eye image is outputted.
[0058] Thatis, the pixels 140 do not emit light during a reset
period (e.g., the initialization period or the stabilization
period), the threshold voltage compensation period, and the
scan period between emission periods of the i-th frame and
the (i+1)th frame. Accordingly, there is no reduction in the
duty ratio when these non-emission periods are in synchro-
nization with the response time of the shutter glasses, which
is different from existing progressive emission techniques.
[0059] FIG. 5 is a circuit diagram illustrating an embodi-
ment of a pixel 140 of FIG. 1. For illustrative purposes, FIG.
5 shows the pixel 140 coupled to an n-th scan line Sn and an
m-th data line Dm. An organic capacitor Coled is shown in
FIG. 5 to denote a capacitance parasitically formed on an
organic light emitting diode (OLED) of the pixel 140. The
organic capacitor Coled may have a capacity (e.g., capaci-
tance) higher than a first capacitor C1 (or a second capacitor
C2) included in a pixel circuit 142 of the pixel 140.

[0060] Referring to FIG. 5, the pixel 140 includes the
OLED for emitting light and the pixel circuit 142 for control-
ling the amount of current to supply to the OLED. An anode
electrode of the OLED is coupled to the pixel circuit 142
while a cathode electrode thereof is coupled to a source of the
second voltage ELVSS (for example, the second voltage
driver 180 of FIG. 1). The OLED emits light with a set
brightness (for example, a predetermined brightness) in
response to the current supplied from the pixel circuit 142.
[0061] The pixel circuit 142 charges a voltage correspond-
ing to one of the data signals and the threshold voltage of the
driving transistor, and controls the amount of current to sup-
ply to the OLED in response to the charged voltage. To this
end, the pixel circuit 142 includes only three transistors M1 to
M3 and two capacitors C1 and C2.

[0062] A gate electrode of the first transistor M1 is coupled
to the scan line Sn while a first electrode thereof is coupled to
the data line Dm. The second electrode of the first transistor
M1 is coupled to a first node N1. The first transistor M1 is
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turned on to connect the data line Dm to the first node N1
when the scan signal is supplied to the scan line Sn.

[0063] A gate electrode of the second transistor M2 (driv-
ing transistor) is coupled to a second node N2 while a first
electrode thereof is coupled to a source of the first voltage
ELVDD (e.g., the first voltage driver 170 of FIG. 1). A second
electrode of the second transistor M2 is coupled to the anode
electrode of the OLED. The second transistor M2 controls the
amount of current supplied to the OLED in response to the
voltage applied to the second node N2.

[0064] A firstelectrode of the third transistor M3 is coupled
to the second electrode of the second transistor M2 while a
second electrode thereof'is coupled to the second node N2. A
gate electrode of the third transistor M3 is coupled to the
control line GC (or an nth control line commonly coupled to
the other control lines). The third transistor M3 is turned on to
connect the second transistor M2 as a diode when the control
signal is supplied to the control line GC.

[0065] The first capacitor C1 is coupled between the first
node N1 and the source of the first voltage ELVDD (e.g., has
one terminal coupled to the first node N1 and another terminal
coupled to the source of the first voltage ELVDD). The first
capacitor C1 charges a voltage corresponding to the data
signal.

[0066] Thesecond capacitor C2is coupled between the first
node N1 and the second node N2 (e.g., has one terminal
coupled to the first node N1 and another terminal coupled to
the second node N2). The second capacitor C2 charges a
voltage corresponding to the threshold voltage of the second
transistor M2.

[0067] FIG. 6 is a waveform diagram illustrating driving
waveforms of the pixel 140 of FIG. 5 according to an embodi-
ment of the present invention. The first voltage ELVDD is set
to a low level ELVDD(L) during the initialization period and
to a high level ELVDD(H) during the remaining periods. The
second voltage ELVSS is set to the high level ELVSS(H)
during the initialization period, the threshold voltage com-
pensation period, the stabilization period, and the scan period,
and to the low level ELVSS(L) during the light emitting
period. Here, the pixel 140 emits light of a set brightness (for
example, a predetermined brightness) only when the first
voltage ELVDD is set to the high level ELVDD(H) and the
second voltage ELVSS is set to the low level ELVSS(L), that
is, during the light emitting period.

[0068] Referring to FIG. 6, the scan signal is supplied to the
scan lines S1 to Sn simultaneously during the initialization
period, the threshold voltage compensation period, and the
stabilization period. A first initialization voltage Vint1 is sup-
plied to the data lines D1 to Dm for some of the initialization
period.

[0069] When the scan signal is supplied to the scan lines S1
to Sn during the initialization period, the first transistors M1
included in the respective pixels 140 are turned on. When the
first transistors M1 are turned on, the first nodes N1 and the
respective data lines D1 to Dm are electrically connected. The
first initialization voltage Vintl that is supplied to the data
lines D1 to Dm is then supplied to the first nodes N1. When
the first initialization voltage Vintl is supplied to the first
nodes N1, the voltage of the second nodes N2 drop down due
to the coupling of the second capacitors C2.

[0070] When the voltage of the second nodes N2 drop
down, the second transistors M2 are turned on and then the
voltage of the first voltage ELVDD(L) with the low level is
supplied to the anode electrodes of the OLEDs. That is, the
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anode electrodes of the OLEDs are initialized by the voltage
of the first voltage ELVDD(L) of the low level during the
initialization period. The voltage level of the first initializa-
tion voltage Vintl may be determined (for example, by rou-
tine experimentation) by one of ordinary skill in the art such
that the second transistors M2 may be stably turned on.
[0071] For ease of description, the remaining description of
FIG. 6 will be from the perspective of the pixel 140 driven by
the n-th scan line Sn and m-th data line Dm. After initializa-
tion period, the control signal is supplied to the control line
GC during the threshold voltage compensation period. When
the control signal is supplied through the control line GC, the
third transistor M3 is turned on. When the third transistor M3
is turned on, the second transistor M2 is coupled as a diode
and the second transistor M2 is turned on in response to the
low-level first voltage ELVDIXL) supplied during the initial-
ization period.

[0072] When the second transistor M2 is turned on, the
voltage at the second node N2 and the second electrode of the
second transistor M2 increases up to a voltage the sum of the
voltage of the first voltage ELVDD(H) of the high level and
the threshold voltage Vth M2 of the second transistor M2, that
is, a voltage of ELVDD(H)+Vth M2, where Vth M2 is a
negative voltage. Accordingly, the voltage at the second node
N2 and at the second electrode of the second transistor M2 is
a voltage lower than the first voltage ELVDD(H) of the high
level.

[0073] During the threshold voltage compensation period,
a reference voltage Vref higher than the first initialization
voltage Vintl is supplied to the data lines D1 to Dm. Thus, the
second capacitor C2 charges a voltage corresponding to a
difference between the reference voltage Vref applied to the
first node N1 the voltage ELVDD(H)+Vth M2 being applied
to the second node N2 during the threshold voltage compen-
sation period. Here, since the reference voltage Vref and the
high-level first voltage ELVDD(H) are fixed voltages, the
voltage stored in the second capacitor C2 varies in response to
the threshold voltage Vth M2 of the second transistor M2.
That is, the second capacitor C2 is charged with a voltage
corresponding to the threshold voltage Vth M2 of the second
transistor M2 during the threshold voltage compensation
period.

[0074] A second initialization voltage Vint2 is supplied to
the data lines D1 to Dm for some of the stabilization period.
The second initialization voltage Vint2 supplied to the data
lines D1 to Dm is supplied to the first node N1. Here, the
voltage of the second initialization voltage Vint2 is lower than
that of the reference voltage Vref'so that the voltage of the first
node N1 drops down. For example, the voltage of the second
initialization voltage Vint2 may be a voltage of a data signal
corresponding to the maximum gray level (for example,
white).

[0075] When the voltage of the first node N1 drops down,
the voltage of the second node N2 also drops down due to the
coupling of the second capacitor C2. When the voltage of the
second node N2 drops down, the second transistor M2 turns
on so that the voltage of the second electrode (that is, the drain
electrode) of the second transistor M2 increases from the
voltage of ELVDD(H)+Vth M2 to the voltage of the high-
level first voltage ELVDD(H), which can cause a (unin-
tended) corresponding increase in the voltage of the second
node N2 (as illustrated in FIG. 8). As such, when the voltages
of the first electrode and the second electrode of the second
transistor M2 are made the same voltage, namely the high-
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level first voltage ELVDD(H), changes in the voltage of the
second node N2 (from the intended gray level to that of a
different gray level) due to the leakage current of the driving
transistor M2 can be prevented. Further details of this voltage
equalization will be described later.

[0076] The scan signals are progressively applied to the
scan lines S1 to Sn during the scan period while the data
signals are supplied to the data lines D1 to Dm in synchroni-
zation with the scan signals. When the scan signal is supplied
to the scan line Sn, the first transistor M1 is turned on. When
the first transistor M1 is turned on, the data signal is supplied
from the data line Dm. At this time, the first capacitor C1
charges a set voltage (for example, a predetermined voltage)
in response to the data signal. In addition, the second node N2
floats during the scan period and then the second capacitor C2
maintains the voltage charged during the previous period
regardless of the voltage change of the first node N1.

[0077] Thelow-level second voltage ELVSS(L) is supplied
during the light emitting period. The second transistor M2
controls the amount of current flowing to the OLED in
response to the voltages charged in the first capacitor C1 and
the second capacitor C2. Thus, the display unit 130 displays
an image of a set brightness (for example, a predetermined
brightness) corresponding to the data signals during the light
emitting period.

[0078] According to the above-described embodiment, the
voltage of the second electrode of the second transistor M2 is
increased to the voltage of the first electrode, that is, the
voltage of the first voltage ELVDD(H) of the high level. Then,
the voltage of the second nodes N2 included in the respective
pixels 140 can be prevented from being changed due to the
leakage current (the amount of change of which varies with
the voltage difference of the data signals), so that an image
with a desired brightness can be displayed. In embodiments
of the present invention, the stabilization period is combined
with simultaneous emission and this technical feature can be
applied to various pixels including the driving transistor M2,
the first and second capacitors C1 and C2, and the third
transistor M3.

[0079] The stabilization period will now be described in
further detail. FIG. 7 is a circuit diagram illustrating a para-
sitic capacitance (as shown by parasitic capacitor Cox) of the
driving transistor M2 in the pixel 140 of FIG. 5.

[0080] First, as illustrated in FIG. 7, the parasitic capacitor
Cox is formed between the gate electrode and the second
electrode of the driving transistor M2. When the first transis-
tor M1 is turned on, the voltage change of the second node N2
is determined from a ratio between the second capacitor C2
and the parasitic capacitor Cox. Here, since the second
capacitor C2 can be designed to have a capacity much more
than that of the parasitic capacitor Cox, the voltage change of
the second node N2 due to the parasitic capacitor Cox may be
insignificant when the first transistor M1 is turned on.
[0081] However, when the first transistor M1 is turned off,
the voltage change of the first node N1 is determined by a ratio
between the synthesized capacity of the first capacitor C1 and
the second capacitor C2, and the capacity of the parasitic
capacitor Cox. Here, the synthesized capacity is lower than
that of the second capacitor C2 so that the voltage change of
the first node N1 due to the parasitic capacitor Cox is large.
[0082] In more detail, the voltage ELVDD(H)+Vth M2 of
the second electrode of the second transistor M2 is a voltage
lower than the voltage ELVDD(H) (high level) of the first
electrode after the threshold voltage compensation period.
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Because of this, a set leakage current (e.g., a predetermined
leakage current) occurs in the second transistor M2, the
amount of which varies with the voltage of the second node
N2.

[0083] Inaddition, the leakage current difference occurs in
response to the data signals supplied to the respective pixels
140 during the scan period and the voltages of the second
nodes N2 vary due to the leakage current difference. FIG. 8 is
a waveform diagram illustrating a voltage change of the sec-
ond electrode of the driving transistor M2 when a data signal
of a low gray level (high data voltage), such as black, is
supplied to the pixel 140 of FIG. 5 without a stabilization
period. As illustrated in FIG. 8, when a (high voltage) data
signal Vdata corresponding to a low gray level is supplied
during the scan period, a small amount of leakage current
occurs and due to this, the voltage Vdrain of the second
electrode of the driving transistor M2 increases slowly.
Because of this, the voltage of the second node N2 also
increases in response to the leakage current.

[0084] FIG.9is a waveform diagram illustrating a voltage
change of the second electrode of the driving transistor M2
when a data signal of a high gray level (low data voltage),
such as white, is supplied to the pixel 140 of FIG. 5 without
the stabilization period. As illustrated in FIG. 9, when a data
signal Vdata corresponding to a high gray level is supplied,
the voltage Vdrain of the second electrode of the driving
transistor M2 increases up to the voltage of the first voltage
ELVDD, in this case ELVDD(H), much more quickly than
when a low gray level (high data voltage) data signal was
providedin FIG. 8, due to the much greater amount of leakage
current during the period when the scan signal is supplied. As
such, in FIG. 9, when the voltage Vdrain of the second elec-
trode of the driving transistor M2 equalizes to that of the first
voltage ELVDD(H) during the period when the scan signal is
supplied, the leakage current does not occur after the scan
signal period (that is, when such a leakage would cause a
corresponding increase in the voltage of the second node N2).
[0085] 1In addition, the voltage Vdrain of the second elec-
trode of the driving transistor M2 varies due to the leakage
current caused by the voltage difference between the first
electrode and the second electrode of the driving transistor
M2 that is generated from the threshold voltage compensa-
tion period, regardless of the data signal.

[0086] As described above, when the stabilization period is
not included, the leakage current leaves the voltage of the
second nodes N2 included in the pixels 140 uneven (for
example, with unintended voltages), resulting in displaying
of an undesired image. FIG. 10 is a waveform diagram illus-
trating a voltage change of the second electrode of the driving
transistor M2 corresponding to a voltage difference between
the first electrode and the second electrode of the driving
transistor M2 in the pixel 140 of FIG. 5 during a stabilization
period of an embodiment of the present invention. FIG. 11 is
a waveform diagram illustrating a voltage change of a gate
electrode of the driving transistor M2 in response to the
driving waveforms of an embodiment of the present inven-
tion.

[0087] Referring to FIGS. 10 and 11, when the stabilization
period is included, the second voltage Vdrain of the second
transistor M2 is set to the same voltage as that of the first
voltage ELVDD(H) during the stabilization period, so the
voltage change of the second node N2 caused by the leakage
current can be prevented. FIG. 12 is a view illustrating electric
current variation corresponding to different pixel positions in
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response to the driving waveforms of an embodiment of the
present invention. When the stabilization period is included,
the current variation (or current deviation) is reduced or mini-
mized regardless of positions (the lower side, the central
position, and the upper side of a panel) of the pixels 140 as
illustrated in FIG. 12, so that an image with uniform bright-
ness can be displayed.

[0088] FIG. 13 is a schematic view illustrating an organic
light emitting display device according to another embodi-
ment of the present invention. With respect to FIG. 13, same
reference numerals designate similar elements as those in
FIG. 1, and their descriptions will not be repeated.

[0089] Referring to FIG. 13, the organic light emitting dis-
play device further includes a switching unit 200 coupled to
the data lines D1 to Dm. The switching unit 200 supplies at
least one of the first initialization voltage Vintl, the second
initialization voltage Vint2, or the reference voltage Vref to
the data lines D1 to Dm. To this end, the switching unit 200
includes a first switch SW1, a second switch SW2, and a third
switch SW3.

[0090] The first switch SW1 is coupled between the data
lines D1 to Dm and the first initialization voltage Vintl. The
first switch SW1 is turned on for some of the initialization
period (as illustrated in FIG. 6) to supply the voltage of the
first initialization voltage Vintl to the data lines D1 to Dm.
[0091] Thesecond switch SW2 is coupled between the data
lines D1 to Dm and the second initialization voltage Vint2.
The second switch SW2 is turned on for some of the stabili-
zation period (as illustrated in FIG. 6) to supply the voltage of
the second initialization voltage Vint2 to the data lines D1 to
Dm.

[0092] The third switch SW3 is coupled between the data
lines D1 to Dm and the reference voltage Vref. The third
switch SW3 is turned on, for example, during the threshold
voltage compensation period (and portions of other periods,
asillustrated in FIG. 6) to supply the reference voltage Vref to
the data lines D1 Dm.

[0093] Theorganic light emitting display device of FIG. 13
has a similar configuration to that of FIG. 1 except for the
switching unit 200. The organic light emitting display device
as shown in FIG. 1 supplies the first initialization voltage
Vintl, the second initialization voltage Vint2, and the refer-
ence voltage Vref from the data driver 120, while the organic
light emitting display device of FIG. 13 supplies the first
initialization voltage Vintl, the second initialization voltage
Vint2, and the reference voltage Vref using the switching unit
200. In FIG. 13, the data driver 120 may be idle for periods
other than the scan period.

[0094] Throughout, while the illustrated transistors are
depicted as PMOS transistors, the present invention is not
limited thereto. In other embodiments, the transistors may be
formed, for example, as NMOS transistors.

[0095] In addition, the different OLEDs may produce red,
green, and blue light in response to the amount of current
supplied from the driving transistors but the present invention
is notlimited thereto. For example, in other embodiments, the
OLEDs may produce white light in response to the amount of
current supplied from the driving transistors. In this case,
additional color filters may be used to implement color
images.

[0096] Ingeneral, organiclightemitting display devices are
classified into passive matrix type (PMOLED) and active
matrix type (AMOLED) according to a method of driving the
OLED:s. Active matrix organic light emitting display devices
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include a plurality of scan lines, a plurality of data lines, a
plurality of power lines, and a plurality of pixels coupled to
these lines and arranged in a matrix form. Each of the pixels
generally includes an OLED, a driving transistor for control-
ling the amount of current to supply to the OLED, a switching
transistor for transmitting a data signal from a corresponding
one of the data lines to the driving transistor, and a storage
capacitor for maintaining a voltage of the data signal.

[0097] Active matrix organic light emitting display devices
have small power consumption but may experience a varia-
tion between pixels in the amount of current flowing through
the organic light emitting devices due to the voltage differ-
ence between the gate electrode and the source electrode of
the driving transistors, that is, the difference between the
threshold voltages of the driving transistors, resulting in
unevenness in the display between different pixels. Since the
transistors provided in the pixels vary in their properties
according to a manufacturing factor, there is a threshold volt-
age difference of the driving transistors between the pixels. To
help overcome this unevenness between the pixels, a com-
pensation circuit capable of compensating the threshold volt-
age of the driving transistor is added each of the pixels.
[0098] However, the compensation circuit may include a
plurality of additional circuits, such as transistors and capaci-
tors, along with one or more signal lines for controlling the
transistors. Thus, the pixels including the compensation cir-
cuit may experience a reduced aperture ratio and increased
possibility of error (for example, manufacturing error) occur-
rence. Accordingly, in embodiments of organic light emitting
display devices and methods of driving the organic light
emitting display devices according to the present invention,
the pixels may respectively include only three transistors and
two capacitors, and that may compensate the threshold volt-
age of the driving transistors stably. In addition, a stabiliza-
tion period is added to equalize the voltages of the first elec-
trode and the second electrode of each of the driving
transistors to the same voltage so that the voltage change of
the gate electrode of the driving transistor caused by the
leakage current through the driving transistors can be pre-
vented or reduced.

[0099] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as would
be apparent to one of ordinary skill in the art as of the filing of
the present application, features, characteristics, and/or ele-
ments described in connection with a particular embodiment
may be used singly or in combination with features, charac-
teristics, and/or elements described in connection with other
embodiments unless otherwise specifically indicated.
Accordingly, it will be understood by those of skill in the art
that various changes in form and details may be made without
departing from the spirit and scope of the present invention as
set forth in the following claims, and their equivalents.

What is claimed is:
1. An organic light emitting display device comprising:
ascan driver configured to supply scan signals to scan lines

concurrently during a first period of a single frame and
progressively during a second period of the single frame;

a data driver configured to supply data signals to data lines
in synchronization with the scan signals progressively
supplied to the scan lines during the second period;

pixels coupled to the scan lines and the data lines;
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a first voltage driver configured to supply a first voltage
varying between a low-level first voltage and a high-
level first voltage to the pixels during the single frame;
and

a second voltage driver configured to supply a second
voltage varying between a low-level second voltage and
a high-level second voltage to the pixels during the
single frame,

wherein the first period is divided into an initialization
period, a threshold voltage compensation period, and a
stabilization period, and

wherein the data driver is configured to supply

a first initialization voltage to the data lines for some of
the initialization period,

areference voltage that is higher than the first initializa-
tion voltage to the data lines during the threshold
voltage compensation period, and

a second initialization voltage that is lower than the
reference voltage to the data lines for some of the
stabilization period.

2. The organic light emitting display device as claimed in
claim 1, wherein the first voltage driver is further configured
to supply the low-level first voltage during the initialization
period and to supply the high-level first voltage during the
threshold voltage compensation period, the stabilization
period, and the second period.

3. The organic light emitting display device as claimed in
claim 2, wherein the second voltage driver is further config-
ured to supply the low-level second voltage during a third
period of the single frame and the high-level second voltage
during the first period and the second period.

4. The organic light emitting display device as claimed in
claim 1, wherein the first initialization voltage is a voltage that
turns on a driving transistor included in each of the pixels.

5. The organic light emitting display device as claimed in
claim 1, wherein the second initialization voltage is a voltage
corresponding to one of the data signals of a maximum gray
level.

6. The organic light emitting display device as claimed in
claim 1, further comprising a control line driver configured to
supply a control signal to control lines for some of the thresh-
old voltage compensation period, the control lines being com-
monly coupled to the pixels.

7. The organic light emitting display device as claimed in
claim 6, wherein each of the pixels comprises:

an organic light emitting diode (OLED);

a driving transistor configured to control an amount of
current to supply to the OLED;

a second capacitor comprising a first terminal coupled to a
gate electrode of the driving transistor;

a first transistor coupled between a second terminal of the
second capacitor and a corresponding one of the data
lines, and configured to turn on when a corresponding
one of the scan signals is supplied to a corresponding one
of the scan lines during the second period;

athird transistor coupled between an anode electrode of the
OLED and the gate electrode of the driving transistor,
and configured to turn on when the control signal is
supplied to a corresponding one of the control lines; and

a first capacitor coupled between the second terminal of the
second capacitor and the first voltage driver.
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8. An organic light emitting display device, comprising:

ascandriver configured to supply scan signals to scan lines
concurrently during a first period of a single frame and
progressively during a second period of the single frame;

a data driver configured to supply data signals to data lines
in synchronization with the scan signals progressively
supplied to the scan lines during the second period;

pixels coupled to the scan lines and the data lines;
a first voltage driver configured to supply a first voltage
varying between a low-level first voltage and a high-
level first voltage to the pixels during the single frame;
a second voltage driver configured to supply a second
voltage varying between a low-level second voltage and
a high-level second voltage to the pixels during the
single frame; and
a switching unit coupled to the data lines,
wherein the first period is divided into an initialization
period, a threshold voltage compensation period, and a
stabilization period, and
wherein the switching unit is configured to supply at least
one of
a first initialization voltage to the data lines for some of
the initialization period,

areference voltage that is higher than the first initializa-
tion voltage to the data lines during the threshold
voltage compensation period, or

a second initialization voltage that is lower than the
reference voltage to the data lines for some of the
stabilization period.

9. The organic light emitting display device as claimed in

claim 8, wherein the switching unit is further configured to
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supply the first initialization voltage, the second initialization
voltage, and the reference voltage to the data lines.

10. The organic light emitting display device as claimed in
claim 8, wherein the switching unit comprises:

a first switch coupled between the data lines and the first

initialization voltage;

a second switch coupled between the data lines and the

reference voltage; and

a third switch coupled between the data lines and the sec-

ond initialization voltage.

11. A method of driving an organic light emitting display
device, the method comprising:

compensating threshold voltages of driving transistors

included in respective pixels while concurrently supply-
ing scan signals to scan lines;

lowering voltages of gate electrodes of the driving transis-

tors and equalizing voltages of first electrodes and sec-
ond electrodes of the driving transistors after the com-
pensating of the threshold voltages;

transmitting data signals to the pixels while progressively

supplying the scan signals to the scan lines; and
emitting light concurrently from the pixels in response to
gray levels of the data signals.

12. The method as claimed in claim 11, wherein the equal-
izing of the voltages comprises supplying an initialization
voltage to data lines to lower the voltages of the gate elec-
trodes of the driving transistors.

13. The method as claimed in claim 12, wherein the ini-
tialization voltage corresponds to one of the data signals of a
maximum gray level.
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