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1
ORGANIC LIGHT EMITTING DISPLAY
DEVICE AND METHOD OF DRIVING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATION

Korean Patent Application No. 10-2013-0080943, filed on
Jul. 10, 2013, and entitled, “Organic Light Emitting Display
Device and Method of Driving the Same,” is incorporated by
reference herein in its entirety.

BACKGROUND

1. Field

One or more embodiments described herein to a display
device.

2. Description of the Related Art

An active matrix type of organic light emitting display
device may be driven by an analog driving method or a
digital driving method. Analog driving methods produce
grayscale values of data with variable voltage levels. Also,
making an integrated circuit (IC) driver implementing an
analog driving method has proven to be difficult for larger
and higher resolution panels.

The digital driving method produces grayscale values by
causing an organic light emitting diode to emit light with a
variable time duration. In comparison to analog driving
methods, a simpler IC structure may be used to implement
the digital driving method. Therefore, the digital method
may be more suitable for high resolution panels. Also,
digital driving methods operate based on on- and off-states
of a driving thin film transistor (TFT) that may be less
influenced by image quality deterioration as a result of TFT
characteristic deviation. Therefore, digital driving methods
may be more suitable larger size panels.

SUMMARY

In accordance with one or more embodiments, a organic
light emitting display device includes a pixel unit including
at least one pixel; and a driving unit configured to drive the
pixel unit. A frame for driving the pixel in the pixel unit may
be divided into a plurality of data sub-frames and at least one
hysteresis reset sub-frame, and the driving unit may receive
input data for the pixel, selectively apply an emission data
voltage or a non-emission data voltage to the pixel according
to a value of a corresponding bit of the input data during
each data sub-frame, and apply a hysteresis reset voltage to
the pixel during the hysteresis reset sub-frame.

The pixel may emit light in response to the emission data
voltage and may not emit light in response to the non-
emission data voltage, and a voltage-current characteristic of
a driving transistor in the pixel may be initialized in response
to the hysteresis reset voltage.

A driving transistor in the pixel may operate in a satura-
tion region in response to at least one of the emission data
voltage or the non-emission data voltage. The hysteresis
reset voltage may have substantially a same voltage level as
the emission data voltage. The hysteresis reset voltage may
have substantially a same voltage level as the non-emission
data voltage.

The hysteresis reset voltage may have a voltage level
lower than a voltage level of the emission data voltage and
lower than a voltage level of the non-emission data voltage.
The hysteresis reset voltage may have a voltage level higher
than a voltage level of the emission data voltage and higher
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than a voltage level of the non-emission data voltage. The
hysteresis reset sub-frame may be the only hysteresis reset
sub-frame included in the frame. The frame may have two
or more hysteresis reset sub-frames.

The pixel may include a storage capacitor having a first
electrode coupled to a first power supply voltage and a
second electrode coupled to a first node; a switching tran-
sistor configured to couple a data line to the first node in
response to a scan signal; a driving transistor having a gate
terminal coupled to the first node, a source terminal coupled
to the first power supply voltage, and a drain terminal
coupled to a second node; an emission control transistor
having a gate terminal coupled to an emission control line,
a source terminal coupled to the second node, and a drain
terminal coupled to a third node; and an organic light
emitting diode having an anode terminal coupled to the third
node, and a cathode terminal coupled to a second power
supply voltage.

During the hysteresis reset sub-frame, the emission con-
trol transistor may be turned off and the organic light
emitting diode may not emit light. The switching transistor,
the driving transistor, and the emission control transistor
may be implemented as PMOS transistors. The switching
transistor, driving transistor, and emission control transistor
may be implemented as NMOS transistors.

The pixel may include a storage capacitor having a first
electrode coupled to a first power supply voltage and a
second electrode coupled to a first node; a switching tran-
sistor configured to couple a data line to the first node in
response to a scan signal; a driving transistor having a gate
terminal coupled to the first node, a source terminal coupled
to the first power supply voltage, and a drain terminal
coupled to a second node; and an organic light emitting
diode having an anode terminal coupled to the second node,
and a cathode terminal coupled to a second power supply
voltage.

During the hysteresis reset sub-frame, the second power
supply voltage may have a voltage level equal to or higher
than a voltage level of the first power supply voltage and the
organic light emitting diode may not emit light.

In accordance with another embodiment, a method of
driving organic light emitting display device includes
receiving input data for at least one pixel; selectively apply-
ing an emission data voltage or a non-emission data voltage
to the pixel according to a value of a corresponding bit of the
input data during each of a plurality of data sub-frames of a
frame; and applying a hysteresis reset voltage to the pixel
during a hysteresis reset sub-frame of the frame.

The pixel may emit light in response to the emission data
voltage and may not emit light in response to the non-
emission data voltage, and a voltage-current characteristic of
a driving transistor in the pixel may be initialized in response
to the hysteresis reset voltage. A driving transistor in the
pixel may operate in a saturation region in response to at
least one of the emission data voltage or the non-emission
data voltage.

The hysteresis reset voltage may have substantially a
same voltage level as the emission data voltage. The hys-
teresis reset voltage may have substantially a same voltage
level as the non-emission data voltage.

In accordance with another embodiment, a driver includes
at least one signal line coupled to a pixel; and a driver circuit
to drive the pixel based on a frame which includes at least
one data frame and at least one hysteresis reset sub-frame.
The driver circuit may apply an emission data voltage or a
non-emission data voltage to the pixel during the data
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sub-frame, and apply a voltage to reset a driving transistor
of the pixel during the hysteresis reset sub-frame.

The reset voltage may initialize a voltage-current charac-
teristic of the driving transistor. The reset voltage may be
less than the emission data voltage and non-emission data
voltage. The driver circuit may apply the reset voltage along
a signal path for storage in a capacitor of the pixel. The
driver circuit may apply an emission control signal to the
pixel during the hysteresis reset sub-frame, and the emission
control signal may prevent the pixel from emitting light
during the hysteresis reset sub-frame.

BRIEF DESCRIPTION OF THE DRAWINGS

Features will become apparent to those of skill in the art
by describing in detail exemplary embodiments with refer-
ence to the attached drawings in which:

FIG. 1 illustrates an embodiment of an organic light
emitting display device;

FIG. 2 illustrates an example of a frame for driving a
display device;

FIG. 3 illustrates another example of a frame for driving
a display device;

FIG. 4 illustrates an embodiment of a pixel of an organic
light emitting display device;

FIG. 5 is a timing diagram describing operation of the
pixel of FIG. 4 in a data sub-frame and a hysteresis reset
sub-frame;

FIGS. 6A and 6B illustrate operation of the pixel of FIG.
4 in a hysteresis reset sub-frame;

FIG. 7 illustrates a voltage-current characteristic of driv-
ing transistor of a proposed pixel;

FIG. 8 illustrates a voltage-current characteristic of the
driving transistor in the pixel of FIG. 4 in accordance with
one embodiment;

FIG. 9 illustrates another embodiment of a pixel of an
organic light emitting display device;

FIG. 10 illustrates another embodiment of a pixel of an
organic light emitting display device;

FIG. 11 illustrates an embodiment of a method for driving
an organic light emitting display device; and

FIG. 12 illustrates an embodiment of an electronic system
including an organic light emitting display device.

DETAILED DESCRIPTION

Example embodiments are described more fully herein-
after with reference to the accompanying drawings; how-
ever, they may be embodied in different forms and should
not be construed as limited to the embodiments set forth
herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully
convey exemplary implementations to those skilled in the
art. In the drawing figures, the dimensions of layers and
regions may be exaggerated for clarity of illustration. Like
reference numerals refer to like elements throughout.

It will be understood that when an element or layer is
referred to as being “on,” “connected to” or “coupled to”
another element or layer, it can be directly on, connected or
coupled to the other element or layer or intervening elements
or layers may be present. In contrast, when an element is
referred to as being “directly on,” “directly connected to” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. As used herein, the
term “and/or” includes any and all combinations of one or
more of the associated listed items.
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Tt will be understood that, although the terms first, second,
third etc. may be used herein to describe various elements,
components, regions, layers, patterns and/or sections, these
elements, components, regions, layers, patterns and/or sec-
tions should not be limited by these terms. These terms are
only used to distinguish one element, component, region,
layer pattern, or section from another element, component,
region, layer, pattern, or section. Thus, a first element,
component, region, layer, or section discussed below could
be termed a second element, component, region, layer, or
section without departing from the teachings of example
embodiments.

Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper” and the like, may be used herein
for ease of description to describe one element or feature’s
relationship to another element(s) or feature(s) as illustrated
in the figures. It will be understood that the spatially relative
terms are intended to encompass different orientations of the
device in use or operation in addition to the orientation
depicted in the figures. For example, if the device in the
figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the exemplary
term “below” can encompass both an orientation of above
and below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

The terminology used herein is for the purpose of describ-
ing particular example embodiments only and is not
intended to be limiting of the invention. As used herein, the
singular forms “a,” “an” and “the” are intended to include
the plural forms as well, unless the context clearly indicates
otherwise. It will be further understood that the terms
“comprises” and/or “comprising,” when used in this speci-
fication, 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.

Example embodiments are described herein with refer-
ence to cross sectional illustrations that are schematic illus-
trations of illustratively idealized example embodiments
(and intermediate structures) of the inventive concept. As
such, variations from the shapes of the illustrations as a
result, for example, of manufacturing techniques and/or
tolerances, are to be expected. Thus, example embodiments
should not be construed as limited to the particular shapes of
regions illustrated herein but are to include deviations in
shapes that result, for example, from manufacturing. The
regions illustrated in the figures are schematic in nature and
their shapes are not intended to illustrate the actual shape of
a region of a device and are not intended to limit the scope
of the inventive concept.

Unless otherwise defined, all terms (including technical
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
understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a mearning
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.

FIG. 1 illustrates an embodiment of an organic light
emitting display device, FIG. 2 illustrates an example of a
frame for driving the display device, and FIG. 3 illustrates
another example of a frame for driving the display device.

29
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In the embodiment shown in FIG. 1, an organic light
emitting display device 100 includes a pixel unit 110 having
at least one pixel PX and a driving unit 150 that drives the
pixel unit 110. The pixel unit 110 may be coupled to a data
driver 160 through a plurality of data lines, may be coupled
to a scan driver 170 through a plurality of scan lines, and
may be coupled to an emission driver 180 through a plurality
of emission control lines. The pixel unit 110 may include a
plurality of pixels PX located at crossing points of the
plurality of data lines and scan lines.

The driving unit 150 may drive pixel unit 110 with a
predetermined driving method. In one embodiment, driving
unit 150 drives pixel unit 110 with a hybrid driving method.
In this method, driving unit 150 provides each pixel PX of
pixel unit 110 with an emission data voltage VED or a
non-emission data voltage VNED that allows a driving
transistor of pixel PX to operate in a saturation region and
that may produce grayscale value by adjusting a time
duration for which the pixel PX emits light in each frame. By
operating the driving transistor of each pixel PX in the
saturation region, the lifespan of the pixels PX may be
increased.

Further, in the hybrid driving method, one frame may be
divided into a plurality of data sub-frames and at least one
hysteresis reset sub-frame. For example, the driving unit 150
may receive input data for each pixel PX, selectively apply
the emission data voltage VED or the non-emission data
voltage VNED to the pixel PX according to a value of a
corresponding bit of the input data at each data sub-frame,
and apply a hysteresis reset voltage VHR to the pixel PX at
the hysteresis reset sub-frame.

In some example embodiments, as illustrated in FIG. 2,
one frame 200a may be divided into a plurality of data
sub-frames 210a, 220a, 230a and 240a and one hysteresis
reset sub-frame 260a. Each frame 200a may have a single
hysteresis reset sub-frame 260a. Also, each data sub-frame
210a, 220a, 230a. and 240¢ may include a scan period and
an emission period. During the scan period, the emission
data voltage VED or the non-emission data voltage VNED
is applied and stored in each pixel PX. During the emission
period, each pixel PX emits or does not emit light according
to the stored emission or non-emission data voltage VED
and VNED.

Each hysteresis reset sub-frame 2604 may include a scan
period and a holding period.

During the scan period, the hysteresis reset voltage VHR
is applied and stored in each pixel PX. During the holding
period, the hysteresis reset voltage VHR is continuously
applied to the driving transistor of each pixel PX. The
number of the data sub-frames 210a, 2204, 2304, and 240a
and/or the order of the sub-frames 210q, 220a, 2304, 240aq,
and 260a may be different in other embodiments.

For example, in another embodiment illustrated in FIG. 3,
one frame 2005 may be divided into a plurality of data
sub-frames 2105, 2205, 2305, and 2405 and a plurality of
hysteresis reset sub-frames 2605 and 2705. Thus, each frame
2004 has a plurality of hysteresis reset sub-frames 2605 and
270b. The number of the data sub-frames 2105, 2205, 2305,
and 2406 and/or the order of the sub-frames 2105, 2205,
2300, 2400, 2605, and 2706 may be different in other
embodiments.

The driving unit 150 may include the data driver 160, the
scan driver 170, and the emission driver 180. The data driver
160 may apply the emission data voltage VED and/or the
non-emission data voltage VNED to pixel unit 110 through
the plurality of data lines at each data sub-frame. The data
driver 160 may apply the hysteresis reset voltage VHR to the

10

20

25

40

45

60

65

6

pixel unit 110 through the plurality of data lines at each
hysteresis reset sub-frame. The scan driver 170 may apply a
scan signal SSCAN to the pixel unit 110 through the
plurality of scan lines. The emission driver 180 may apply
an emission control signal SEM to the pixel unit 110 through
the plurality of emission control lines.

At each data sub-frame, each pixel PX in the pixel unit
110 may store the emission data voltage VED or the non-
emission data voltage VNED applied from the data driver
160 when the scan signal SSCAN is applied from the scan
driver 170. Also, each pixel PX may emit or not emit light
according to the stored emission or non-emission data
voltage VED and VNED when the emission control signal
SEM is applied from the emission driver 180.

At each hysteresis reset sub-frame, each pixel PX in the
pixel unit 110 may receive and store the hysteresis reset
voltage VHR applied from the data driver 160 when the scan
signal SSCAN is applied from the scan driver 170. Also,
each pixel PX may reset hysteresis of a driving transistor in
response to the hysteresis reset voltage VHR. Thus, each
pixel PX may initialize a voltage-current characteristic of
the driving transistor in response to the hysteresis reset
voltage VHR.

For example, a voltage-current characteristic of a driving
transistor in a pixel that emits light and a voltage-current
characteristic of a driving transistor in a pixel that does not
emit light may be different from each other, if hysteresis is
not reset. As a result, a shadow effect may occur, in which
the luminance of a pixel that has continuously emitted light
is different from the luminance of a pixel that did not
previously emit light and then subsequently emits light.

Further, an instantaneous afterimage may appear at a
boundary between the first display region and the second
display region. This may happen when a first display region
has emitted light and a second display region adjacent to the
first display region has not emitted light, and thereafter the
first and second display regions emit light.

These effects may be reduced or prevented in accordance
with one or more of the organic light emitting display
devices described herein. In one embodiment of the organic
light emitting display device 100, the voltage-current char-
acteristic of the driving transistor of each pixel PX may be
initialized at the hysteresis reset sub-frame. Thus, all driving
transistors of in the pixels PX of pixel unit 110 may have
substantially the same voltage-current characteristic, which
may help prevent shadow effect and the generation of
instantaneous afterimages. During the hysteresis reset sub-
frame, the emission driver 180 may provide each pixel PX
with the emission control signal SEM having a predeter-
mined level such that the pixel PX does not emit light.

The timing controller 190 may control an operation of the
organic light emitting display device 100. For example, the
timing controller 190 may provide control signals to data
driver 160, scan driver 170, and emission driver 180 to
control operation of the organic light emitting display device
100. In some example embodiments, data driver 160, scan
driver 170, emission driver 180, and timing controller 190
may be implemented as a single integrated circuit (IC). In
other example embodiments, data driver 160, scan driver
170, emission driver 180, and timing controller 190 may be
implemented as two or more ICs.

As described above, in accordance with one embodiment,
a frame for driving an organic light emitting display device
may be divided into a plurality of data sub-frames and at
least one hysteresis reset sub-frame. A hysteresis reset
voltage VHR may be applied to each pixel PX during the
hysteresis reset sub-frame to reset the hysteresis of the
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driving transistors of the pixels PX. Thus, a voltage-current
characteristic of the driving transistor of the pixels PX may
be initialized during the hysteresis reset sub-frame. Accord-
ingly, a shadow effect and the generation of an instantaneous
afterimage may be reduced or prevented.

FIG. 4 illustrates an embodiment of a pixel of an organic
light emitting display device. FIG. 5 illustrates operation of
the pixel of FIG. 4 at a data sub-frame and a hysteresis reset
sub-frame. FIGS. 6A and 6B illustrate operation of the pixel
of FIG. 4 at a hysteresis reset sub-frame. FIG. 7 illustrates
a voltage-current characteristic of a driving transistor in the
pixel of FIG. 4. FIG. 8 illustrates a voltage-current charac-
teristic of a driving transistor in the pixel of FIG. 4 in
accordance with example embodiments.

Referring to FIG. 4, pixel 300 may include a storage
capacitor 310, a switching transistor 330, a driving transistor
350, an emission control transistor 370, and an organic light
emitting diode 390. In some example embodiments, the
switching transistor 330, driving transistor 350, and emis-
sion control transistor 370 may be implemented as PMOS
transistors. In other embodiments, these transistors may be
NMOS ftransistors or a combination of NMOS and CMOS
transistors.

The switching transistor 330 may transfer a data signal
SDATA to a first node N1 in response to a scan signal
SSCAN. For example, the switching transistor 330 may
have a gate terminal coupled to a scan line SL, a source
terminal coupled to a data line DL, and a drain terminal
coupled to the first node N1.

The storage capacitor 310 may store the data signal
SDATA transferred through the switching transistor 330. For
example, the storage capacitor 310 may have a first electrode
E1 coupled to a first power supply voltage (e.g., a high
power supply voltage) ELVDD and a second electrode E2
coupled to the first node N1.

The driving transistor 350 may generate a driving current
provided to the organic light emitting diode 390 based on a
voltage stored in the storage capacitor 310. For example, the
driving transistor 350 may have a gate terminal coupled to
the first node N1, a source terminal coupled to the first power
supply voltage ELVDD, and a drain terminal coupled to a
second node N2.

The emission control transistor 370 may control light
emission of the organic light emitting diode 390 by selec-
tively forming a path of the driving current to a second
power supply voltage (e.g., a low power supply voltage)
ELVSS in response to an emission control signal SEM. The
path may pass from the first power supply voltage ELVDD
through the driving transistor 350, the emission control
transistor 370, and the organic light emitting diode 390. The
emission control transistor 370 may have a gate terminal
coupled to an emission control line EL, a source terminal
coupled to the second node N2, and a drain terminal coupled
to a third node N3.

The organic light emitting diode 390 may emit light based
on the driving current, provided from the first power supply
voltage ELVDD through the driving transistor 350, the
emission control transistor 370, and the organic light emit-
ting diode 390 to the second power supply voltage ELVSS.
For example, the organic light emitting diode 390 may have
an anode terminal coupled to the third node N3, and a
cathode terminal coupled to the second power supply volt-
age ELVSS.

As previously indicated, in one embodiment, a frame for
driving the organic light emitting display device may be
divided into a plurality of data sub-frames and at least one
hysteresis reset sub-frame. The pixel 300 may or may not
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emit light according to input data for the pixel 300 at the
plurality of data sub-frames. Also, the voltage-current char-
acteristic of driving transistor 350 may be initialized during
the hysteresis reset sub-frame.

Referring to FIGS. 4 and 5, at a scan period of each data
sub-frame, a low level voltage (e.g., a low gate voltage
VGL) may be applied as the scan signal SSCAN through the
scan line SL. An emission data voltage VED or a non-
emission data voltage VNED may be applied as the data
signal SDATA through the data line DL according to a value
of a corresponding bit of the input data. For example, the
emission data voltage VED may be applied when the bit of
the input data has a value of 1. The non-emission data
voltage VNED may be applied when the bit of the input data
has a value of 0.

The switching transistor 330 may transfer the emission
data voltage VED or the non-emission data voltage VNED
to the second electrode E2 of the storage capacitor 310 in
response to the low gate voltage VGL. The storage capacitor
310 may store charges corresponding to a voltage difference
between a voltage of the first electrode E1 (i.e., the first
power supply voltage ELVDD) and a voltage of the second
electrode E2 (i.e., the emission data voltage VED or the
non-emission data voltage VNED). Accordingly, although
the switching transistor 330 is turned off, the voltage of the
first node N1 may be maintained as the emission data
voltage VED or the non-emission data voltage VNED.

During the emission period of each data sub-frame, a low
level voltage (e.g., the low gate voltage VGL) may be
applied as the emission control signal SEM through the
emission control line EL. The emission control transistor
370 may be turned on in response to the low gate voltage
VGL. The driving transistor 350 may be turned on when the
voltage of the first node N1 (i.e., the voltage of the second
electrode E2 of the storage capacitor 310) is the emission
data voltage VED. The driving transistor 350 may be turned
off when the voltage of the first node N1 is the non-emission
data voltage VNED. In a case where both of the driving
transistor 350 and the emission control transistor 370 are
turned on, a path of the driving current may be formed to the
second power supply voltage ELVSS, and the organic light
emitting diode 390 may emit light based on the driving
current. The path may pass from the first power supply
voltage ELVDD through the driving transistor 350, the
emission control transistor 370, and the organic light emit-
ting diode 390.

At the data sub-frame, the driving transistor 350 may be
provided with the emission data voltage VED and the
non-emission data voltage VNED having predetermined
voltage levels. Thus, the driving transistor 350 may operate
in a saturation region. Accordingly, the lifespan of the pixel
300 may be increased.

Referring to FIGS. 4, 5, and 6A, during a scan period of
each hysteresis reset sub-frame, a low level voltage (e.g., the
low gate voltage VGL) may be applied as the scan signal
SSCAN through the scan line SL. A hysteresis reset voltage
VHR may be applied as the data signal SDATA through the
data line DL. As illustrated in FIG. 6A, the switching
transistor 330a may transfer the hysteresis reset voltage
VHR to the first node N1 in response to the low gate voltage
VGL. The storage capacitor 310a may store charges corre-
sponding to a voltage difference between the first power
supply voltage ELVDD and the voltage of the first node N1,
or the hysteresis reset voltage VHR.

During a holding period of each hysteresis reset sub-
frame, a high level voltage (e.g., a high gate voltage VGH)
may be applied as the scan signal SSCAN through the scan



US 9,626,893 B2

9

line SL. Although the switching transistor 3305 may be
turned off in response to the high gate voltage VGH, the
voltage of the first node N1 may be maintained as the
hysteresis reset voltage VHR by the storage capacitor 3106.
The hysteresis reset voltage VHR may be applied to the gate
terminal of the driving transistor 3505, and the first power
supply voltage ELVDD may be applied to the source ter-
minal of the driving transistor 3505. This may result in the
initialization of the voltage-current characteristic of the
driving transistor 3505.

In some example embodiments, the hysteresis reset volt-
age VHR may have a voltage level equal to or lower than
that of the emission data voltage VED. Thus, the hysteresis
reset voltage VHR may have a voltage level lower than that
of the emission data voltage VED and lower than that of the
non-emission data voltage VNED.

FIG. 7 illustrates one type of organic light emitting
display device which has been proposed.

In this device, a driving transistor of a pixel has a first
voltage-current characteristic 420 (e.g., a voltage-current
characteristic of an on-state) if the pixel continuously emits
light. The driving transistor has a second voltage-current
characteristic 410 (e.g., a voltage-current characteristic of an
off-state) if the pixel continuously does not emit light. In this
case, the luminance of a pixel including a driving transistor
having the first voltage-current characteristic 420 may be
different from luminance of a pixel including a driving
transistor having the second voltage-current characteristic
410. Thus, a shadow effect and an instantaneous afterimage
may occur, and image quality may be deteriorated.

However, in accordance with one embodiment of an
organic light emitting display device, the hysteresis reset
voltage VHR equal to or lower than the emission data
voltage VED is applied to the gate terminal of the driving
transistor 350, 350qa, and 3505 in the pixel 300 during the
hysteresis reset sub-frame. Thus, the voltage-current char-
acteristic of the driving transistor 350, 350qa, and 3504 in the
pixel 300 may be initialized to the first voltage-current
characteristic 420 (e.g., the voltage-current characteristic of
the on-state). Accordingly, all pixels 300 in the organic light
emitting display device according to an example embodi-
ment may have substantially the same voltage-current char-
acteristic 420, which may help prevent the shadow effect and
the instantaneous afterimage.

In other example embodiments, the hysteresis reset volt-
age VHR may have a voltage level equal to or higher than
that of the non-emission data voltage VNED. As illustrated
in FIG. 8, the hysteresis reset voltage VHR equal to or higher
than the non-emission data voltage VNED is applied to the
gate terminal of the driving transistor 350, 350a, and 3505
in pixel 300 during the hysteresis reset sub-frame. Thus, the
voltage-current characteristic of the driving transistor 350,
350a, and 3504 in pixel 300 may be initialized to the second
voltage-current characteristic 410 (e.g., the voltage-current
characteristic of the off-state). Accordingly, all pixels 300 in
the organic light emitting display device according to an
example embodiment may have substantially the same volt-
age-current characteristic 410, which may help prevent the
shadow effect and the instantaneous afterimage.

During the scan period of the hysteresis reset sub-frame,
a high level voltage (e.g., the high gate voltage VGH) may
be applied as the emission control signal SEM through the
emission control line EL. Accordingly, the emission control
transistor 370a may be turned off. Thus, the organic light
emitting diode 390¢ may not emit light. Also during the
holding period of the hysteresis reset sub-frame, the high
level voltage (e.g., the high gate voltage VGH) may be
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applied as the emission control signal SEM through the
emission control line EL, to turn off the emission control
transistor 3705. Thus, the organic light emitting diode 3905
may not emit light. Thus, during the hysteresis reset sub-
frame, the emission control transistor 370, 370a, and 3705
may be turned off to prevent the organic light emitting diode
39056 from emitting light. Thus, the hysteresis reset sub-
frame may not affect an image displayed by the organic light
emitting display device.

As described above, according to example embodiments,
during at least one hysteresis reset sub-frame in each frame,
the voltage-current characteristic of the driving transistor
350 may be initialized by applying the hysteresis reset
voltage VHR to the driving transistor 350. Accordingly,
shadow effect and the generation of an instantaneous after-
image may be reduced or prevented.

FIG. 9 illustrates another embodiment of a pixel of an
organic light emitting display device.

Referring to FIG. 9, a pixel 500 of an organic light
emitting display device may include a storage capacitor 510,
a switching transistor 530, a driving transistor 550, an
emission control transistor 570, and an organic light emitting
diode 590. The pixel 500 of FIG. 9 may have a similar
configuration and operation to a pixel 300 of FIG. 4, except
that the switching transistor 530, the driving transistor 550,
and the emission control transistor 570 are implemented as
NMOS ftransistors.

In some example embodiments, in the pixel 500 of FIG.
9 where the transistors 530, 550 and 570 are implemented as
NMOS transistors, a hysteresis reset voltage VHR equal to
or higher than that of an emission data voltage VED may be
used. In other example embodiments, the hysteresis reset
voltage VHR equal to or lower than that of a non-emission
data voltage VNED may be used.

During at least one hysteresis reset sub-frame included in
each frame, the voltage-current characteristic of driving
transistor 550 of pixel 500 may be initialized by applying the
hysteresis reset voltage VHR to the driving transistor 550.
Accordingly, in the organic light emitting display device
including the pixel 500, the shadow effect and the instanta-
neous afterimage may be reduced or prevented.

FIG. 10 illustrates another embodiment of a pixel 600 of
an organic light emitting display device.

Referring to FIG. 10, pixel 600 may include a storage
capacitor 610, a switching transistor 630, a driving transistor
650, and an organic light emitting diode 690. The pixel 600
of FIG. 10 may have similar configuration and operation to
pixel 300 in FIG. 4, except that pixel 600 does not include
an emission control transistor.

The storage capacitor 610 may have a first electrode
coupled to a first power supply voltage FLVDD, and a
second electrode coupled to a first node N1. The switching
transistor may couple a data line DL to the first node N1 in
response to a scan signal SSCAN. The driving transistor 650
may have a gate terminal coupled to the first node N1, a
source terminal coupled to the first power supply voltage
ELVDD, and a drain terminal coupled to a second node N2.
The organic light emitting diode 690 may have an anode
terminal coupled to the second node N2, and a cathode
terminal coupled to a second power supply voltage ELVSS.
In some example embodiments, the switching transistor 630
and driving transistor 650 may be PMOS transistors. In other
example embodiments, the switching transistor 630 and the
driving transistor 650 may be NMOS transistors.

During a hysteresis reset sub-frame, the second power
supply voltage ELVSS may increase to have a voltage level
equal to or higher than that of the first power supply voltage
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ELVDD. Thus, current may not flow from the first power
supply voltage ELVDD to the second power supply voltage
ELVSS. Accordingly, the organic light emitting diode 690
may not emit light during the hysteresis reset sub-frame.

FIG. 11 illustrates an embodiment of a method of driving
an organic light emitting display device.

Referring to FIG. 11, in this method, a driving unit may
receive input data for the pixel (§710). The driving unit may
drive the pixel using a hybrid driving method. Thus, the
driving unit may divide one frame into a plurality of data
sub-frames and at least one hysteresis reset sub-frame
(8730). The driving unit may selectively apply an emission
data voltage or a non-emission data voltage to the pixel
according to a value of a corresponding bit of the input data
at each data sub-frame (§750). The pixel may emit light in
response to the emission data voltage, and may not emit light
in response to the non-emission data voltage. In some
example embodiments, a driving transistor in the pixel may
operate in a saturation region in response to the emission
data voltage and the non-emission data voltage, thereby
improving the lifespan of the pixel.

The driving unit may apply a hysteresis reset voltage to
the pixel at the hysteresis reset sub-frame (S770). The pixel
may initialize a voltage-current characteristic of the driving
transistor in response to the hysteresis reset voltage. In some
example embodiments, the hysteresis reset voltage may
have the same voltage level as the emission data voltage, and
the voltage-current characteristic of the driving transistor
may be initialized to a voltage-current characteristic of an
on-state. In other example embodiments, the hysteresis reset
voltage may have the same voltage level as the non-emission
data voltage, and the voltage-current characteristic of the
driving transistor may be initialized to a voltage-current
characteristic of an off-state.

As described above, in this method embodiment, one
frame may be divided into a plurality of data sub-frames and
at least one hysteresis reset sub-frame. A hysteresis reset
voltage may be applied to each pixel at the hysteresis reset
sub-frame. This may result in reset of hysteresis of a driving
transistor of each pixel. Thus, the voltage-current character-
istic of the driving transistor may be initialized during the
hysteresis reset sub-frame, which may help prevent the
shadow effect and the instantaneous afterimage.

FIG. 12 illustrates an embodiment of an electronic system
1000 including an organic light emitting display device.

Referring to FIG. 12, electronic system 1000 includes a
processor 1010, a memory device 1020, a storage device
1030, an input/output (I/O) device 1040, a power supply
1050, and an organic light emitting display device 1060. The
electronic system 1000 may include a plurality of ports for
communicating a video card, a sound card, a memory card,
a universal serial bus (USB) device, other electronic sys-
tems, etc.

The processor 1010 may perform various computing
functions or tasks. The processor 1010 may be, for example,
a microprocessor, a central processing unit (CPU), etc. The
processor 1010 may be connected to other components via
an address bus, a control bus, a data bus, etc. Further, the
processor 1010 may be coupled to an extended bus such as
a peripheral component interconnection (PCI) bus.

The memory device 1020 may store data for operations of
the electronic systen 1000. For example, the memory device
1020 may include at least one non-volatile memory device
such as an erasable programmable read-only memory
(EPROM) device, an electrically erasable programmable
read-only memory (EEPROM) device, a flash memory
device, a phase change random access memory (PRAM)
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device, a resistance random access memory (RRAM)
device, a nano floating gate memory (NFGM) device, a
polymer random access memory (PoRAM) device, a mag-
netic random access memory (MRAM) device, a ferroelec-
tric random access memory (FRAM) device, etc, and/or at
least one volatile memory device such as a dynamic random
access memory (DRAM) device, a static random access
memory (SRAM) device, a mobile dynamic random access
memory (mobile DRAM) device, etc.

The storage device 1030 may be, for example, a solid state
drive (SSD) device, a hard disk drive (HDD) device, a
CD-ROM device, etc. The I/O device 1040 may be, for
example, an input device such as a keyboard, a keypad, a
mouse, a touch screen, etc, and/or an output device such as
a printer, a speaker, etc. The power supply 1050 may supply
power for operations of electronic system 1000. The organic
light emitting display device 1060 may communicate with
other components via the buses or other communication
links.

A frame for driving organic light emitting display device
1060 may be divided into a plurality of data sub-frames and
at least one hysteresis reset sub-frame. A hysteresis reset
voltage may be applied to each pixel at the hysteresis reset
sub-frame, which results in the reset of hysteresis of the
driving transistor of each pixel. Thus, the voltage-current
characteristic of the driving transistor may be initialized
during the hysteresis reset sub-frame, which may help
prevent the shadow effect and the instantaneous afterimage.

Example embodiments may be applied to any electronic
system 1000 having the organic light emitting display device
1060. For example, example embodiments may be applied
to the electronic system 1000 such as a television, a com-
puter monitor, a laptop, a digital camera, a cellular phone, a
smart phone, a personal digital assistant (PDA), a portable
multimedia player (PMP), an MP3 player, a navigation
system, a video phone, etc.

By way of summation and review, in digital driving
methods, the luminance of a pixel that continuously emits
light may be different from the luminance of a pixel that
does not continuously emit light, e.g., one that did not emit
light at a previous time and then emits light at another time.
This condition may be referred to as a shadow effect

Also, in digital driving methods, an instantaneous after-
image may appear at a boundary between adjacent display
regions. Such an afterimage may occur, for example, where,
after a first display region has emitted light and an adjacent
second display region has not emitted light, the first and
second display regions emit light.

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, char-
acteristics, 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.

What is claimed is:

1. An organic light emitting display device, comprising:

a pixel unit including at least one pixel; and a driving unit

to drive the pixel unit, wherein each frame for driving
the pixel in the pixel unit is divided into a plurality of
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data sub-frames and at least one hysteresis reset sub-
frame between the data sub-frames within the frame,
and wherein the driving unit is to:

receive input data for the pixel,

selectively apply an emission data voltage or a non-
emission data voltage to the pixel according to a value
of a corresponding bit of the input data during each data
sub-frame, and

apply a hysteresis reset voltage having substantially a

same voltage level as the emission data voltage to the 1

pixel during the hysteresis reset sub-frame such that a
voltage-current characteristic of a driving transistor of
the pixel is initialized to an on-state during the hyster-
esis reset sub-frame, and

wherein the pixel comprises:

a storage capacitor having a first electrode coupled to a
first power supply voltage and a second electrode
coupled to a first node;

a switching transistor to couple a data line to the first node
in response to a scan signal;

the driving transistor includes a gate terminal coupled to
the first node, a source terminal coupled to the first
power supply voltage, and a drain terminal coupled to
a second node;

an emission control transistor having a gate terminal
coupled to an emission control line, a source terminal
coupled to the second node, and a drain terminal
coupled to a third node, the emission control transistor
being turned off during the hysteresis reset sub-frame;
and

an organic light emitting diode having an anode terminal
coupled to the third node, and a cathode terminal
coupled to a second power supply voltage.

2. The display device as claimed in claim 1, wherein:

the pixel emits light in response to the emission data
voltage and does not emit light in response to the
non-emission data voltage.

3. The display device as claimed in claim 1, wherein the
driving transistor in the pixel operates in a saturation region
in response to at least one of the emission data voltage or the
non-emission data voltage.

4. The display device as claimed in claim 1, wherein the
hysteresis reset sub-frame is the only hysteresis reset sub-
frame included in the frame.

5. The display device as claimed in claim 1, wherein the
frame includes two or more hysteresis reset sub-frames.

6. The display device as claimed in claim 1, wherein,
during the hysteresis reset sub-frame, the emission control
transistor is turned off and the organic light emitting diode
does not emit light.

7. The display device as claimed in claim 1, wherein the
switching transistor, the driving transistor, and the emission
control transistor are implemented as PMOS transistors.
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8. The display device as claimed in claim 1, wherein the

switching transistor, driving transistor, and emission control
transistor are implemented as NMOS transistors.

9. The display device as claimed in claim 1, wherein,

during the hysteresis reset sub-frame, the second power
supply voltage has a voltage level equal to or higher than a
voltage level of the first power supply voltage and the
organic light emitting diode does not emit light.

10. A driver, comprising:

at least one signal line coupled to a pixel; and

a driver circuit to drive the pixel based on each frame
which includes a plurality of data sub-frames and at
least one hysteresis reset sub-frame between the data
sub-frames within the frame, wherein the driver circuit
is to apply an emission data voltage or a non-emission
data voltage to the pixel during each data sub-frame,
and to apply a reset voltage to reset a driving transistor
of the pixel during the hysteresis reset sub-frame,
wherein the reset voltage has substantially a same
voltage level as the emission data voltage such that a
voltage-current characteristic of the driving transistor is
initialized to an on-state during the hysteresis reset
sub-frame, and

wherein the pixel comprises:

a storage capacitor having a first electrode coupled to a
first power supply voltage and a second electrode
coupled to a first node;

a switching transistor to couple a data line to the first node
in response to a scan signal,

the driving transistor includes a gate terminal coupled to
the first node, a source terminal coupled to the first
power supply voltage, and a drain terminal coupled to
a second node;

an emission control transistor having a gate terminal
coupled to an emission control line, a source terminal
coupled to the second node, and a drain terminal
coupled to a third node, the emission control transistor
being turned off during the hysteresis reset sub-frame;
and

an organic light emitting diode having an anode terminal
coupled to the third node, and a cathode terminal
coupled to a second power supply voltage.

11. The driver as claimed in claim 10, wherein the driver

circuit applies the reset voltage along a signal path for
storage 1n the capacitor of the pixel.

12. The driver as claimed in claim 10, wherein:

the driver circuit applies an emission control signal to the
pixel during the hysteresis reset sub-frame, the emis-
sion control signal preventing the pixel from emitting
light during the hysteresis reset sub-frame.
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