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(57 ABSTRACT

A display device includes: a first switching element which
transmits a first data voltage; a second switching element
which transmits a second data voltage; a driving transistor
connected to the first switching element and the second
switching element, where the driving transistor is driven
based on the first data voltage and the second data voltage;
and an organic light emitting diode connected to the driving
transistor, where the organic light emitting diode emits light
based on an output of the driving transistor, and a driving
method thereof.
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DISPLAY DEVICE AND DRIVING METHOD
THEREOF

[0001] This application claims priority to Korean Patent
Application No. 10-2012-0090648, filed on Aug. 20, 2012,
and all the benefits accruing therefrom under 35 U.S.C. §119,
the content of which in its entirety is herein incorporated by
reference.

BACKGROUND

[0002] (a) Field

[0003] Exemplary embodiments of the invention relateto a
display device and a driving method thereof, and particularly
relate to anorganic light emitting device and a driving method
thereof.

[0004] (b) Description of the Related Art

[0005] In general, an organic light emitting display device,
whichisa display device that electrically excites a fluorescent
organic material to emit light to display images, includes a
hole injection electrode (anode) and an electron injection
electrode (cathode), and an organic emission layer disposed
therebetween. The organic light emitting display device is a
self-emission type of display device that emits light while
recombining holes and electrons, and resulting excitons
become extinct if charges are injected to the organic emission
layer. To improve luminous efficiency of the organic emission
layer, an electron transport layer (“ETL”") and a hole transport
layer (“HTL”) are included, and an electron injecting layer
(“EIL”) and a hole injecting layer (“HIL”) may be further
included.

[0006] A current amount of a driving thin film transistor
that supplies a current for the light emitting to the organic
emission cell is controlled by a data voltage applied through
a switching element, and the current flows to the organic
emission cell through the driving thin film transistor, thereby
emitting the light.

[0007] However, when the driving thin film transistor is
driven for a substantially long time, a characteristic (e.g., a
threshold voltage) of the driving thin film transistor is
changed. As a result, when the same data voltage is applied,
the current flowing to the organic emission cell is changed as
the characteristic of the driving thin film transistor is changed
such that the display luminance is changed.

SUMMARY

[0008] Exemplary embodiments of the invention provide a
display device for displaying substantially constant lumi-
nance using an organic light emitting device, and a driving
method thereof.

[0009] An exemplary embodiment of a display device
according to the invention includes: a first switching element
which transmits a first data voltage; a second switching ele-
ment which transmits a second data voltage; a driving tran-
sistor connected to the first switching element and the second
switching element, where the driving transistor is driven
based on the first data voltage and the second data voltage;
and an organic light emitting diode connected to the driving
transistor, where the organic light emitting diode emits light
based on an output of the driving transistor.

[0010] In an exemplary embodiment, the display device
may further include a first gate line connected to a control
terminal of the first switching element and which transmits a
first gate voltage, and a second gate line connected to a control
terminal of the second switching element and which transmits
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a second gate voltage may be further included, where gate-on
voltages of the first gate voltage and the second gate voltage
may not overlap each other.

[0011] In an exemplary embodiment, a unit frame may be
divided into a plurality of sub-frames, and at least one of the
gate-on voltage of the first gate voltage and the gate-on volt-
age of the second gate voltage may be applied in each sub-
frame.

[0012] Inanexemplary embodiment, each of atleast two of
the sub-frames may be divided into a first section and a
second section, where the first section is defined as a section
between a rising edge of the gate-on voltage of the first gate
voltage and a rising edge of the gate-on voltage of the second
gate voltage in a same sub-frame, and the second section is
defined as a remaining section in the same sub-frame, time
spans of first sections of the at least two of the sub-frames may
be different from each other, and time spans of second sec-
tions of the at leat two of the sub-frames may be different from
each other.

[0013] Inanexemplary embodiment, the gate-on voltage of
the second gate voltage may not be applied during at least a
portion of the sub-frames in the unit frame.

[0014] In an exemplary embodiment, adjacent at least two
sub-frames of the at least a portion of the sub-frames are
grouped as one such that the adjacent at least two sub-frames
are operated substantially in a same manner .

[0015] In an exemplary embodiment, the sub-frames may
be arranged with a sequence, in which the time span of the
first section increases.

[0016] In an exemplary embodiment, luminances dis-
played in the sub-frames of the unit frame may be temporally
combined to display a grayscale of the unit frame, a same
grayscale in the unit frame may be displayed by a plurality of
different temporal combinations of the luminances displayed
by the sub-frames of the unit frame, and the plurality of
different temporal combinations of the luminances displayed
by the sub-frames of the unit frame may be applied to display
the same grayscale.

[0017] In an exemplary embodiment, each of the first data
voltage and the second data voltage may have a plurality of
voltage levels.

[0018] In an exemplary embodiment, the organic light
emitting diode may emit the light in the second section.
[0019] An exemplary embodiment of a driving method of a
display device includes: applying a first data voltage to a
control terminal of a driving transistor of the display device
through a first switching element ofthe display device; apply-
ing a second data voltage to the control terminal of the driving
transistor of the display device through a second switching
element of the display device; and emitting light through an
organic light emitting diode of the display device based on an
operation of the driving transistor, where a gate-on voltage of
the first gate voltage and a gate-on voltage of the second gate
voltage do not overlap each other.

[0020] In an exemplary embodiment, a unit frame may be
divided into a plurality of sub-frames, and at least one of the
applying the first data voltage and the applying the second
data voltage may be performed in each sub-frame.

[0021] Inanexemplary embodiment, each of atleast two of
the sub-frames may be divided into a first section and a
second section, where the first section is defined as a section
between a rising edge of the gate-on voltage of the first gate
voltage and a rising edge of the gate-on voltage of the second
gate voltage in a same sub-frame, and the second section is
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defined as a remaining section in the same sub-frame, time
spans of first sections of the at least two of the sub-frames may
be different from each other, and time spans of second sec-
tions of the atleat two of the sub-frames may be different from
each other.

[0022] Inanexemplary embodiment, the gate-on voltage of
the second gate voltage may not be applied during at least a
portion of the sub-frames in the unit frame.

[0023] adjacent at least two sub-frames of the at least a
portion of the sub-frames are grouped as one such that the
adjacent at least two sub-frames are operated substantially in
a same manner.

[0024] In an exemplary embodiment, the sub-frames may
be arranged with a sequence, in which the time span of the
first section increases.

[0025] In an exemplary embodiment, luminances dis-
played in the sub-frames of the unit frame may be temporally
combined to display a grayscale of the unit frame, a same
grayscale in the unit frame may be displayed by a plurality of
different temporal combinations of the luminances displayed
by the sub-frames of the unit frame, and the plurality of
different temporal combinations of the luminances displayed
by the sub-frames of the unit frame may be applied to display
the same grayscale.

[0026] In an exemplary embodiment, the driving method
may further include at least one of changing the number of the
sub-frames, changing the sequence of the sub-frames, and
changing the time span of the first section or the second
section.

[0027] In an exemplary embodiment, each of the first data
voltage and the second data voltage may have a plurality of
voltage levels.

[0028] In an exemplary embodiment, the organic light
emitting diode may emit light in the second section.

[0029] As described above, in one or more exemplary
embodiments of the organic light emitting device, luminance
of a pixel is displayed by the temporal division method using
predetermined several luminances such that a predetermined
grayscale may be displayed regardless of a change of the
characteristic of the driving transistor without a precise con-
trol of the grayscale change.

[0030] In such an embodiment, a false contour generated
when displaying the grayscale by the temporal division
method is substantially reduced by mixing or alternately
applying the various temporal division methods of displaying
a same grayscale.

[0031] In such an embodiment, the duty ratio is substan-
tially improved in the temporal division method, thereby
increasing the maximum display luminance.

[0032] In such an embodiment, the number of the sub-
frames used in the temporal division method is substantially
reduced such that the driving frequency is substantially
reduced, and the power consumption is thereby substantially
reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] The above and other features of the invention will
become more apparent by describing in further detail exem-
plary embodiments thereof with reference to the accompany-
ing drawings, in which:

[0034] FIG.1isacircuitdiagram ofa pixel of an exemplary
embodiment of an organic light emitting device according to
the invention;
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[0035] FIG. 2 is a signal timing diagram of gate voltages
applied to an exemplary embodiment of an organic light
emitting device according to the invention;

[0036] FIG. 3 is a waveform diagram of data voltages
applied to an exemplary embodiment of an organic light
emitting device according to the invention;

[0037] FIG. 4 to FIG. 12 are views showing an exemplary
embodiment of a method of temporal-divisionally expressing
a grayscale in an organic light emitting device according to
the invention;

[0038] FIG. 13 is a waveform diagram of gate voltages
applied to an alternative exemplary embodiment ofan organic
light emitting device according to the invention;

[0039] FIG. 14 to FIG. 15 are views showing an alternative
exemplary embodiment of a method of temporal-divisionally
expressing a grayscale in an organic light emitting device
according to the invention;

[0040] FIG. 16 is a waveform diagram of data voltages
applied to an organic light emitting device according to the
invention;

[0041] FIG. 17 is a circuit diagram of a pixel of an exem-
plary embodiment of an organic light emitting device accord-
ing to the invention;

[0042] FIG. 18 is a signal timing diagram of gate voltages
applied to the organic light emitting device of FIG. 17; and
[0043] FIG. 19 is a signal timing diagram of data voltages
applied to the organic light emitting device of FIG. 17.

DETAILED DESCRIPTION

[0044] The invention will be described more fully herein-
after with reference to the accompanying drawings, in which
exemplary embodiments of the invention are shown. This
invention may, however, be embodied in many different
forms, and should not be construed as limited to the embodi-
ments set forth herein. Rather, these embodiments are pro-
vided so that this disclosure will be thorough and complete,
and will fully convey the scope of the invention to those
skilled in the art. Like reference numerals refer to like ele-
ments throughout.

[0045] 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. Like numbers refer to
like elements throughout. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

[0046] It will be understood that, although the terms first,
second, etc. may be used herein to describe various elements,
components, regions, layers and/or sections, these elements,
components, regions, layers and/or sections should not be
limited by these terms. These terms are only used to distin-
guish one element, component, region, layer or section from
another region, layer or section. Thus, a first element, com-
ponent, region, layer or section discussed below could be
termed a second element, component, region, layer or section
without departing from the teachings of the invention.
[0047] 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
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illustrated in the figures. It will be understood that the spa-
tially relative terms are intended to encompass different ori-
entations 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.

[0048] The terminology used herein is for the purpose of
describing particular 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.
Tt will be further understood that the terms “includes” and/or
“including”, when used in this specification, specify the pres-
ence of stated features, integers, steps, operations, elements,
and/or components, but do not preclude the presence or addi-
tion of one or more other features, integers, steps, operations,
elements, components, and/or groups thereof.

[0049] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0050] Exemplary embodiments are described herein with
reference to cross section illustrations that are schematic
illustrations of idealized embodiments. 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, embodiments described herein should not be
construed as limited to the particular shapes of regions as
illustrated herein but are to include deviations in shapes that
result, for example, from manufacturing. For example, a
region illustrated or described as flat may, typically, have
rough and/or nonlinear features. Moreover, sharp angles that
are illustrated may be rounded. Thus, the regions illustrated in
the figures are schematic in nature and their shapes are not
intended to illustrate the precise shape of a region and are not
intended to limit the scope of the claims set forth herein.
[0051] All methods described herein can be performed in a
suitable order unless otherwise indicated herein or otherwise
clearly contradicted by context. The use of any and all
examples, or exemplary language (e.g, “such as”), is
intended merely to better illustrate the invention and does not
pose a limitation on the scope of the invention unless other-
wise claimed. No language in the specification should be
construed as indicating any non-claimed element as essential
to the practice of the invention as used herein.

[0052] Hereinafter, exemplary embodiments according to
the invention will be described with reference to the accom-
panying drawings.

[0053] Now, a pixel structure of an exemplary embodiment
of an organic light emitting device according to the invention
will be described with reference to FIG. 1.

[0054] FIG.1isacircuit diagram ofa pixel of an exemplary
embodiment of an organic light emitting device according to
the invention.
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[0055] A pixel of an exemplary embodiment of an organic
light emitting device according to the invention, as shown in
FIG. 1, includes two switching elements, e.g., a first switch-
ing element SW1 and a second switching element SW2, a
driving transistor TR1, a capacitor Cst and an organic light
emitting diode ED.

[0056] Also, the pixel is connected to two gate lines, e.g., a
first gate line SCAN1 and a second gate line SCAN2, two data
lines, e.g., a first data line Datal and a second data line Data2,
apower voltage line VDD, and a common voltage line Vcom.
[0057] The first switching element SW1 is connected to the
first gate line SCANI and the first data line Datal, and may
include an n-type metal-oxide-semiconductor (“nMOS”)
type of transistor. The control terminal of the first switching
element SW1 is connected to the first gate line SCANI,
thereby receiving the first gate voltage, and the input terminal
is connected to the first data line Datal, thereby receiving the
first data voltage. The output terminal of the first switching
element SW1 is connected to a Q node.

[0058] The second switching element SW2 is connected to
the second gate line SCAN2 and the second data line Data2,
and may include the nMOS type of transistor. The control
terminal of the second switching element SW2 is connected
to the second gate line SCAN2, thereby receiving the second
gate voltage, and the input terminal is connected to the second
data line Data2, thereby receiving the second data voltage.
The output terminal of the second switching element SW2 is
connected to the Q node.

[0059] The driving transistor TR1 includes the nMOS type
of transistor and is operated by the first data voltage and the
second data voltage transmitted through the first switching
element SW1 and the second switching element SW2. The
control terminal of the driving transistor TR1 is connected to
the Q node, thereby being controlled by the first data voltage
and the second data voltage, the input terminal is connected to
the power voltage line VDD, thereby receiving the voltage of
apredetermined level, and the output terminal is connected to
one terminal of the organic light emitting diode ED.

[0060] One terminal, e.g., a first terminal, of the organic
light emitting diode ED is connected to the output terminal of
the driving transistor TR1, and the other terminal, e.g., a
second terminal, is connected to the common voltage line
Vcom. The organic light emitting diode ED emits light by the
current that flows by the voltage difference between both
terminals.

[0061] One terminal, e.g., a first terminal, of the capacitor
Cst is connected to the Q node, and the other terminal, e.g., a
second terminal, is connected to the power voltage line VDD.
The capacitor Cst maintains the first data voltage and the
second data voltage applied to the Q node.

[0062] In an exemplary embodiment, as shown in FIG. 1,
each of the two switching elements SW1 and SW2 and the
driving transistor TR1 includes the nMOS type of thin film
transistor, and when the control terminal thereof is applied
with a high voltage (a higher voltage than a threshold volt-
age), the two switching elements SW1 and SW2 and the
driving transistor TR1 are turned on such that the signal
applied to the input terminal is output to the output terminal.
In such an embodiment, when the control terminal thereof is
applied with a low voltage (a lower voltage than the threshold
voltage), the two switching elements SW1 and SW2 and the
driving transistor TR1 are turned off such that the signal
applied to the input terminal is not outputted from the output
terminal.
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[0063] The power voltage line VDD and the common volt-
age line Vcom connected to the pixel are applied with a power
voltage and a common voltage having a predetermined level.
The common voltage has a lower voltage than the power
voltage. Voltage levels of the power voltage and the common
voltage may be various changed in an alternative exemplary
embodiment.

[0064] Next, the first and second gate voltages and the first
and second data voltages applied to the pixel will be described
with reference to FIG. 2 and FIG. 3.

[0065] Firstly, the gate voltages shown in FIG. 2 will be
described. FIG. 2 is a signal timing diagram of gate voltages
applied to an exemplary embodiment of an organic light
emitting device according to the invention.

[0066] As shown in FIG. 2, the first and second gate volt-
ages applied in an exemplary embodiment of the pixel
includes gate-on voltages, which are not overlapping each
other. Hereinafter, the gate-on voltage of the first gate voltage
and the gate-on voltage of the second gate voltage will be
referred to as a first gate-on voltage and a second gate-on
voltage, respectively. In FIG. 2, the first gate voltage applied
to the first gate line SCAN1 is shown in the upper side, and the
second gate voltage applied to the second gate line SCAN2 is
shown in the lower side.

[0067] Insuchanembodiment, a unit frame is divided into
eight sub-frames, and each sub-frame has a time span corre-
sponding 1/8 of a time span of the unit frame (hereinafter,
referred to as sub-frames). In an exemplary embodiment, for
example, the organic light emitting device displays the image
at 60 hertz (Hz), the unit frame has a time span of 1/60 second,
and each sub-frame has a time span of 1/60x1/x8 second, that
is, 1/480 second.

[0068] In such an embodiment, in a first sub-frame of the
eight sub-frames, the time span after the first gate-on voltage
is applied and before the second gate-on voltage is applied,
that is, the time span from the rising edge of the first gate-on
voltage to the rising edge of the second gate-on voltage, is
1/32 of the time span of one sub-frame. Hereafter, this is
referred to as a “gate-on voltage application time difference
of the first sub-frame” or a “first section of the first sub-
frame” The rest of the time span of the first sub-frame, that is,
31/32 of the time span of one sub-frame, is referred to as a
“second section of the first sub-frame.”

[0069] In a second sub-frame of the eight sub-frames, the
time span after the first gate-on voltage and before the second
gate-on voltage is applied, that is, the time span from the
rising edge of the first gate-on voltage to the rising edge of the
second gate-on voltage, is 1/16 of the time span of one sub-
frame. Hereafter, the time span from the rising edge of the first
gate-on voltage to the rising edge of the second gate-on volt-
age is referred to as a “gate-on voltage application time dif-
ference of the second sub-frame” or “the first section of the
second sub-frame.” The time span of the rest of the second
sub-frame, that is, 15/16 of the time span of one sub-frame, is
referred to as “the second section of the second sub-frame.”

[0070] Inathird sub-frame of the eight sub-frames, the time
span after the first gate-on voltage is applied and before the
second gate-on voltage is applied, that is, the time span from
the rising edge of the first gate-on voltage to the rising edge of
the second gate-on voltage, is 1/8 of the time span of one
sub-frame. Hereafter, the time span from the rising edge of
the first gate-on voltage to the rising edge of the second
gate-on voltage is referred to as a “gate-on voltage application
time difference of the third sub-frame” or the “first section of
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the third sub-frame” The time span of the rest of the third
sub-frame, that is, 7/8 of the time span of one sub-frame, is
referred to as the “second section of the third sub-frame.”

[0071] 1In a fourth sub-frame of the eight sub-frames, the
time span after the first gate-on voltage is applied and before
the second gate-on voltage is applied, that is, the time span
from the rising edge of the first gate-on voltage to the rising
edge of the second gate-on voltage, is 1/4 of the time span of
one sub-frame. Hereafter. the time span from the rising edge
of the first gate-on voltage to the rising edge of the second
gate-on voltage is referred to as a “gate-on voltage application
time difference of the fourth sub-frame” or “the first section
of the fourth sub-frame.” The time span of the rest of the
fourth sub-frame, that is, 3/4 of the time span of one sub-
frame, is referred to as “the second section of the fourth
sub-frame.”

[0072] Inafifth sub-frame of the eight sub-frames, the time
span after the first gate-on voltage is applied and before the
second gate-on voltage is applied, that is, the time span from
the rising edge of the first gate-on voltage to the rising edge of
the second gate-on voltage, is 1/2 of the time span of one
sub-frame.

[0073] Hereafter, the time span from the rising edge of the
first gate-on voltage to the rising edge of the second gate-on
voltage is referred to as a “gate-on voltage application time
difference of the fifth sub-frame” or “the first section of the
fifth sub-frame.” The time span of the rest of the fourth sub-
frame, that is, 1/2 of the time span of one sub-frame, is
referred to as “the second section of the fifth sub-frame.”

[0074] Insixth, seventh and eighth sub-frames of the eight
sub-frames, the second gate-on voltage is not applied such
that the sixth, seventh and eighth sub-frames are not divided
into two sections. In such an embodiment, an entire of each of
the sixth, seventh and eighth sub-frames is the first section. In
such an embodiment, the seventh and eighth sub-frames are
grouped as one such that two frames are operated substan-
tially in a same manner. In such an embodiment, when the
light is emitted in the seventh sub-frame, the light is also
emitted in the eighth sub-frame, and when black is displayed
in the seventh sub-frame, the black is also displayed in the
eighth sub-frame.

[0075] As described above, in an exemplary embodiment
of the organic light emitting device according to the inven-
tion, a unit frame is divided into eight sub-frames, and the first
to fifth sub-frames of the eight sub-frames are divided into the
first section and the second section and are operated through
temporal division.

[0076] Theluminance displayed in the unit frame is a com-
bined value of the luminance displayed in each section. In an
exemplary embodiment, as shown in FIG. 3, only white and
black may be displayed to simplify the temporal combination
of the luminance.

[0077] FIG. 3 is a waveform diagram of data voltages
applied to an exemplary embodiment of an organic light
emitting device according to the invention.

[0078] As shown in FIG. 3, the voltages applied to the first
data line Datal and the second data line Data2 have only two
values, e.g., zero (0) and Vdl. Here, zero (0) a voltage to
display black. Hereafter, the voltage to display black is
referred to as a black voltage. In an exemplary embodiment,
the black voltage may be a voltage of zero (0) V, or may be a
negative voltage (for example, -7 V etc.) that is lower than
zero (0) V. In such an embodiment, Vd1 is a voltage to display
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white by a positive voltage (for example, about 20 V). Here-
after, the voltage to display white is referred to as a white
voltage.

[0079] As shown in FIG. 3, the first data voltage has two
levels and the second data voltage has two levels, such that
four different voltage combinations are applied to the Q node
(e.g.,acase A, a case B, a case C and a case D in FIG. 3).

[0080] Inthe case of A, where each of the voltages applied
to the first data line Datal and the second data line Data2 has
the black voltage, the black voltage is applied as the voltage of
Q node such that the driving transistor TR1 is not turned on,
and the current does not flow to the organic light emitting
diode ED, thereby displaying black. Referring to FIG. 2,
firstly. the first data voltage is applied as the black voltage
such that the organic light emitting diode ED displays black in
the first section, and then the second data voltage is applied as
the black voltage such that the organic light emitting diode
ED continuously displays black in the second section.

[0081] In the case of B, where the voltages applied to the
first data line Datal and the second data line Data2 have the
white voltage and the black voltage, respectively, the white
voltage as the first data voltage is applied through the first
switching element SW1 and the black voltageis applied as the
second data voltage. Referring to FIG. 2, firstly, the first data
voltage is applied as the white voltage such that the organic
light emitting diode ED displays white in the first section, and
then the second data voltage is applied as the black voltage
such that the organic light emitting diode ED displays black in
the second section. In the case of C, where each of the volt-
ages applied to the first data line

[0082] Datal and the second data line Data2 has the white
voltage, the white voltage as the data voltage is applied
through the first switching element SW1 and the second
switching element SW?2 such that the driving transistor TR1 is
turned on and the current flows to the organic light emitting
diode ED, thereby displaying white. Referring to FI1G. 2, the
first data voltage as the white voltage is firstly applied such
that the organic light emitting diode ED displays white in the
first section, and then the second data voltage is also applied
as the white voltage such that the organic light emitting diode
ED continuously displays white in the second section.

[0083] In the case of D, where the voltages applied to the
first data line Datal and the second data line Data2 have the
black voltage and the white voltage, respectively, the white
voltage as the second data voltage is applied through the
second switching element SW2 and the black voltage is
applied as the first data voltage. Referring to FIG. 2, the first
data voltage is firstly applied as the black voltage such that the
organic light emitting diode ED displays black in the first
section, and then the second data voltage is applied as the
white voltage such that the organic light emitting diode ED
displays white in the second section.

[0084] As described above, the first gate-on voltage is
firstly applied, and then the second gate-on voltage is applied
such that the organic light emitting diode ED emits the light
based on the first data voltage applied to the first switching
element SW1, turned-on by the first gate-on voltage in the
first section and the light emitting state of the organic light
emitting diode ED is changed based on the second data volt-
age applied to the second switching element SW2, turned-on
by the second gate-on voltage in the second section.
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[0085] Next, various exemplary embodiments of a method
of displaying a grayscale with temporal division in the pixel
of the organic light emitting device of FIG. 1 to FIG. 3 will be
described.

[0086] FIG. 4 to FIG. 12 are views showing an exemplary
embodiment of a method of temporal-divisionally expressing
a grayscale in an organic light emitting device according to
the invention.

[0087] InFIG. 4to FIG. 12, each sub-frame is indicated by
a dotted line, and a time period, during which the gate-on
voltage is applied from the first pixel row to the final pixel row
in the display device, is indicated by a slanted solid line. Also,
the section indicated by the slashed line represents the emis-
sion of the organic light emitting diode of the pixel in the first
section or the second section.

[0088] Firstly, FIG. 4 shows an exemplary embodiment,
where a grayscale is displayed using the first section.

[0089] Forthedisplay operation of FIG. 4, the data voltages
of Table 1 below may be applied as the data voltage.
TABLE 1
SFI SF2  SF3 SF4 SFS SF6 SF7,8 Total
Datal 1 1 1 1 1 1 1 0.496
Data2 0 0 o0 0 0 0 0

[0090] Here, SF denotes a sub-frame, 1 represents the white
voltage, and zero (0) represents the black voltage. The total
value is calculated as shown below.

[0091] Total={[1/32p33 1p30 p30 31/32x0]+[1/16x1+15/
16x0]+[1/8x1+7/8x0]+[1/4x1+3/4x0]+[1/2x1+1/2x0]+[1/
P1+[2/1x1]}x1/8

[0092] A value in each sub-frame is calculated by “a cor-
responding fraction value of the first section x the data (1 or
0)+a corresponding fraction value of the second sectionxthe
data (1 or 0)”, and the values of eight sub-frames are summed
and divided by 8, which is the number of the sub-frames in the
unit frame, and the sixth to eighth sub-frames do not include
the second section such that the sixth to eighth sub-frames are
calculated as 0. In the calculation result, the total is calculated
as a number including four decimal places, and then rounded
off.

[0093] In one exemplary embodiment, for example, the
luminance in FIG. 4 may be set as a luminance when one pixel
displays a maximum grayscale by the temporal division in an
exemplary embodiment. In such an embodiment, when dis-
playing a 256 grayscale levels (from O grayscale to 255 gray-
scale), the maximum gray corresponds to 255 grayscale. The
imageis displayed by the temporal division, and black may be
displayed during a partial time even though the maximum
grayscale is displayed.

[0094] FIG. 5 shows a case of displaying black (0 gray-
scale).
[0095] InFIG. 5, the data voltages are applied as in Table 2
below.
TABLE 2

SF1I  SF2 SF3 SF4 SF5 SF6 SF7,8 Total
Data 1 0 0 0 0 0 0 0 0.000
Data 2 0 0 0 0 0 0 0
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[0096] 1In FIG. 5, black is displayed in the first and second
sections of each sub-frame.

[0097] FIG. 6 shows a case of displaying 1 grayscale.
[0098] InFIG. 6, the data voltages are applied as in Table 3
below.
TABLE 3

SFl SF2  SF3 SF4 SF5 SF6 SF7,8 Total
Datal 1 0 o 0 0 0 0 0.004
Data2 0 0 o 0 0 0 0
[0099] InFIG. 6, white is displayed only in the first section

of the first sub-frame.

[0100] FIG. 7 shows a case of displaying 2 grayscale.
[0101] InFIG. 7, the data voltages are applied as in Table 4
below.
TABLE 4

SFI SF2  SF3 SF4 SF5 SF6 SF7,8 Total
Datal 0 1 o 0 0 0 0 0.008
Data2 0 0 o 0 0 0 0
[0102] InFIG. 7, whiteis displayed only in the first section

of the second sub-frame.

[0103] FIG. 8 shows a case of displaying 4 grayscale.
[0104] InFIG. 8, the data voltages are applied as in Table 5
below.
TABLE 5

SFI SF2  SF3 SF4 SF5 SF6 SF7,8 Total
Datal 0 0 1 0o 0 0 0 0.016
Data2 0 0 o 0 0 0 0
[0105] InFIG. 8, white is displayed only in the first section

of the third sub-frame.

[0106] FIG. 9 shows a case of displaying 14 grayscale.
[0107] InFIG.9, the data voltages are applied as in Table 6
below.
TABLE 6

SFI SF2  SF3 SF4 SF5 SF6 SF7,8 Total
Datal 0 0 1 1 1 0 0 0.109
Data2 0 0 o 0 0 0 0
[0108] InFIG.9, whiteis displayed only in the first section

of the third to fifth sub-frames.

[0109] Referring to FIG. 5 to FIG. 9, in an exemplary
embodiment, various grayscales may be displayed using the
display method described above. In such an embodiment, for
example, when only displaying white in the first section of the
first sub-frame and the second sub-frame, 3 grayscale is dis-
played.

[0110] In such an embodiment, when the totals are the
same, the same grayscale is displayed.

[0111] Inan exemplary embodiment, as shown in FIG. 4 to
FIG. 9, the grayscale is displayed by only using the first
section. In an alternative exemplary embodiment, however,
the grayscale may be displayed in the second section in the
pixel of FIG. 1 to FIG. 3 according to the invention.

Feb. 20, 2014

[0112] FIG. 10 shows a case of displaying a grayscale
through the second section.

[0113] InFIG. 10, the data voltages are applied as in Table
7 below.
TABLE 7
SF1 SF2  SF3 SF4 SFS SF6 SF7,8 Total
Datal 0 0 o 0 0 0 0 0.109
Data2 0 0 1 o 0 0 0
[0114] In FIG. 10, white is displayed only in the second

section of the third sub-frame.

[0115] Referring to Table 6, the total value in the case of
FIG. 10 is 0.109, which is the same as the total value in the
case of FIG. 9. Therefore, in FIG. 10, 14 grayscale is also
displayed through the second section.

[0116] Referring to FIG. 9 and FIG. 10, the 14 grayscale
may be displayed by at least two methods, e.g., at least two
different temporal combinations of the luminance of each
sub-frame in a unit frame. Therefore, when displaying the 14
grayscale, either of two methods may be used. In such an
embodiment, the two methods may be used together.

[0117] Inanexemplary embodiment, in the two continuous
frames, the 14 grayscale is displayed by the method of FIG. 9
in the first frame and the 14 grayscale is displayed by the
method of FIG. 10 in the second frame. Also, while alter-
nately applying these methods, the 14 grayscale may be con-
tinuously displayed. As described, when the same grayscale
is displayed by mixing the various methods and alternately
applying the methods, a false contour may be effectively
prevent from occurring or substantially reduced.

[0118] The false contour is typically generated when a
white luminance or a black luminance largely appears during
a period when a user recognizes the grayscale by eye due to a
viewing movement of the user in the neighboring pixels hav-
ing a grayscale difference when displaying the grayscale by
the temporal division method. That is, when alternately
applying black/white by the temporal division to display a
predetermined luminance, if the user does not recognize an
average thereof, and a section where white is converged is
recognized or a section where the black is converged is rec-
ognized, a higher or lower grayscale than a predetermined
grayscale to be displayed is recognized such that a boundary
of the image may be differently recognized.

[0119] However, when displaying the same grayscale by
mixing the various methods and alternately applying the vari-
ous methods, the section applying white and black is continu-
ously changed such that the grayscale recognized by the user
is close to the average value, thereby effectively preventing or
substantially reducing the false contour.

[0120] An exemplary embodiment of a method of the dis-
playing the same grayscale by mixing the various ways and
alternately applying the various methods is shownin FI1G. 11.

[0121] Referring to case (A) to case (D) of FIG. 11, all
express the same grayscale, however the sections displaying
white and black are different.

[0122] Inthe cases (A)to (D) of FIG. 11, the data voltages
are applied as shown in Table 8 to Table 11 below.
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TABLE 8
FIG. 11
A SF1 SF2  SF3 SF4 SF5 SF6 SF7,8 Total
Datal 0 0 0 0 0 0 1 0.250
Data2 0 0 0 0 0 0 1/0

TABLE 9
FIG. 11
B SFI SF2  SF3 SF4 SFS SF6 SF7,8 Total
Data 1 0 0 1 1 0 0 0 0.250
Data 2 0 0 1 1 0 0 0

TABLE 10
FIG. 11
c SF1 SF2  SF3 SF4 SF5 SF6 SF7,8 Total
Datal 0 1 0 0 0 1 0 0.250
Data2 0 1 0 0 0 1 0

TABLE 11
FIG. 11
D SF1 SF2  SF3 SF4 SFS SF6 SF7,8 Total
Data 1 0 0 0 0 1 1 0 0.250
Data 2 0 0 0 0 1 0 0
[0123] InTable 8 to Table 11, “1/0” denotes that either one

of black and white voltages may be applied in the correspond-
ing sub-frames, as the second section does not exist in the
sixth to eighth sub-frames, that is, the gate-on voltage is not
applied during the sixth to eight sub-frames to the second
switching element SW2.

[0124] As described above, the total values in the cases (A)
to (D) are all the same such that the same grayscale is dis-
played in the cases (A) to (D), however the times that the
white and black are displayed are different in the cases (A) to
(D). In an exemplary embodiment, the various methods of
displaying a same grayscale are used in an organic light
emitting device, thereby substantially reducing the false con-
tour.

[0125] FIG. 12 shows an exemplary embodiment of a
method of displaying the same grayscale by mixing and altet-
nately applying the various methods.

[0126] Referring to FIG. 12, the displayed grayscales in
case (A) and case (B) are substantially the same, but the
lengths of the first section and the second section of each
sub-frame in the case (A) and the case (B) are different.

[0127] This difference will be described with reference to
FIG. 13.
[0128] FIG. 13 is a signal timing diagram of gate voltages

of an alternative exemplary embodiment of an organic light
emitting device according to the invention.

[0129] The case (A) of FIG. 12 is the case of applying the
gate signals show in FIG. 2, and the case (B) of FIG. 12 is the
case of applying the gate signals shown in FIG. 13.

[0130] AsshowninFIG. 2 and FIG. 13, the first section and
the second section of each sub-frame may be differently
arranged in a unit frame.
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[0131] Next, the first section and the second section of each
sub-frame in an exemplary embodiment of FIG. 13 will be
described.

[0132] Inthe first sub-frame of the eight sub-frames of FIG.
13, the time span after the first gate-on voltage is applied and
before the second gate-on voltage is applied is 1/32 of the
time span of one sub-frame. The rest of the second section of
the first sub-frame has a time span of31/32 of the time span of
one sub-frame. The first sub-frame of FIG. 13 corresponds to
the first sub-frame of the exemplary embodiment of FIG. 2.
[0133] In the second sub-frame of the eight sub-frames of
FIG. 13, the first section after the first gate-on voltage is
applied and before the second gate-on voltage is applied has
a time span of 1/8 of the time span of one sub-frame, and the
rest of the second section has a time span of 7/8 of the time
span of one sub-frame. The second sub-frame of FIG. 13
corresponds to the third sub-frame of the exemplary embodi-
ment of FIG. 2.

[0134] In the third sub-frame of the eight sub-frames of
FIG. 13, the first section has a time span of 1/2 of the time span
of one sub-frame, and the second section has a time span of
1/2 of the time span of one sub-frame. The third sub-frame of
FIG. 13 corresponds to the fifth sub-frame of the exemplary
embodiment of FIG. 2.

[0135] Inthe fourth to sixth frames of the eight sub-frames
of FIG. 13, the second gate-on voltage is not applied such that
each of the fourth to sixth frames is not divided into two
sections. The fourth to sixth frames only have the first section.
In such an embodiment, the fourth and fifth sub-frames are
grouped into one to be operated in substantially the same
manner during two frames. In such an embodiment, the light
is emitted in the fifth sub-frame when the light is emitted in
the fourth sub-frame, and the black is displayed in the fifth
sub-frame when the black is displayed in the fourth sub-
frame. Therefore, the fourth and fifth sub-frames of F1G. 13
correspond to the seventh and eighth sub-frames of FIG. 2,
and the sixth sub-frame of FIG. 13 corresponds to the sixth
sub-frame of FIG. 2.

[0136] Inthe seventh frame of the eight sub-frames of FIG.
13, the first section has a time span of 1/4 of the time span of
one sub-frame, and the rest of the second section has a time
span of 3/4 of the time span of one sub-frame. The seventh
frame of FIG. 13 corresponds to the fourth sub-frame of the
exemplary embodiment of FIG. 2.

[0137] In the eighth frame of the eight sub-frames of FIG.
13, the first section has a time span of 1/16 of the time span of
one sub-frame, and the rest of the second section has a time
span of 15/16 of the time span of one sub-frame. The eighth
frame of FIG. 13 corresponds to the second sub-frame of the
exemplary embodiment of FIG. 2.

[0138] As shown in FIG. 13, the sequence of the first to
eighth sub-frames of FIG. 2 may be variously arranged in a
unit frame, and the waveform of FIG. 2 and the waveform of
FIG. 13 are selectively applied to display the same grayscale,
where the positions where black and white are displayed may
be changed, thereby effectively preventing or substantially
reducing the false contour.

[0139] Next, another alternative exemplary embodiment of
a method of displaying grayscales according to the invention
will be described.

[0140] FIG. 14 to FIG. 15 are views showing alternative
exemplary embodiments of a method of temporal-division-
ally expressing a grayscale in an organic light emitting device
according to the invention.
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[0141] FIG. 14 shows an exemplary embodiment, in which
black is not displayed when displaying the maximum gray-
scale as in FIG. 4, white is displayed in all sections to display
the maximum grayscale.

[0142] InFIG. 14, the data voltages are applied as in Table
12 below.
TABLE 12
SF1 SF2  SF3 SF4 SF5 SF6 SFT,8 Total
Datal 1 1 1 1 1 1 1 1.000
Data2 1 1 1 1 1 1 1
[0143] InFIG. 14, white is displayed in the first and second

sections in all sub-frames.

[0144] In such an embodiment, as shown in FIG. 14 and
Table 11, a value corresponding to the maximum grayscale is
greater than twice the value corresponding to the maximum
grayscale in FIG. 4 such that brightness of the display is
substantially improved. Accordingly, a maximum grayscale
display luminance of the organic light emitting device is
substantially high in such an embodiment.

[0145] However, the invention is not limited to such an
embodiment, where the maximum luminance corresponding
to the maximum grayscale of FIG. 14 is displayed. In an
alternative exemplary embodiment, the maximum grayscale
may be set as shown in FIG. 4, or may be variously changed.

[0146] FIG. 15 shows an exemplary embodiment in which
the number of sub-frames is differently set.

[0147] Inan exemplary embodiment, as shown in FIG. 15,
one frame may be divided into five sub-frames. In such an
embodiment, the first section of the first sub-frame has a time
span of 1/32 of the time span of one sub-frame, the first
section of the second sub-frame has a time span of 1/16 of the
time span of one sub-frame, the first section of the third
sub-frame has a time span of 1/8 of the time span of one
sub-frame, the first section of the fourth sub-frame has a time
span of 1/4 of the time span of one sub-frame, and the first
section of the fifth sub-frame has a time span of 1/2 of the time
span of one sub-frame.

[0148] In such an embodiment, as shown in FIG. 15, the
time span of one sub-frame is increased compared to the
exemplary embodiments of FIG. 1 to FIG. 3.

[0149] According to an exemplary embodiment, a combi-
nation of the method where the unit frame is divided into eight
sub-frames and the method where the unit frame is divided
into five sub-frames may be applied for driving an organic
light emitting device. In an exemplary embodiment, the time
spans for displaying the white in two methods are the same,
and the false couture may be removed by changing the display
positions of the white and black using combination of the two
methods.

[0150] Inanexemplary embodiment, the unit frame may be
divided into at least two sub-frames, but not being limited
thereto. In an alternative exemplary embodiment, the number
of sub-frames in the unit frame may be differently set based
on a number of grayscales and a driving frequency.

[0151] Inthe exemplary embodiments of FIGS. 1to 15, the
data voltage has two levels.

[0152] Hereinafter, an alternative exemplary embodiment,
where a data voltage has three levels will be described with
reference to F1G. 16.
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[0153] FIG. 16 is a waveform diagram of data voltages
applied to alternative exemplary embodiment of an organic
light emitting device according to the invention.

[0154] Each of the first data voltage and the second data
voltage has three voltage levels, e.g., zero (0), Vdl and Vd2.
In such an embodiment, zero (0) is a black voltage, Vdl1,
which is the largest voltage, is a white voltage, and Vd2,
which is a middle luminance voltage, displays a middle lumi-
nance.

[0155] Insuch an embodiment, as shown in FIG. 16, com-
binations of the three voltages are shown by nine cases A to I.
[0156] As shown in FIG. 2 and FIG. 16, in an exemplary
embodiment of the invention, the first gate-on voltage is
firstly applied and then the second gate-on voltage is applied,
the organic light emitting diode ED emits the light in the first
section based on the first data voltage applied by the first
gate-on voltage, and the emission stage of the organic light
emitting diode ED is changed based on the second data volt-
age applied by the second gate-on voltage in the second
section.

[0157] Therefore, in the case A of FIG. 16, black is dis-
played in the first section and then black is also displayed in
the second section, in the case B of FIG. 16, a middle gray-
scale is displayed in the first section and then black is dis-
played in the second section, and in the case C of FIG. 16,
white is displayed in the first section and then black is dis-
played in the second section. In the case D of FIG. 16, white
is displayed in the first section and then the middle grayscale
is displayed in the second section, in the case E of FIG. 16, the
middle grayscale is displayed in the first section and then the
middle grayscale is again displayed in the second section, and
in the case F of FIG. 16, black is displayed in the first section
and then the middle grayscale is displayed in the second
section. In the case G of FIG. 16, black is displayed in the first
section and then white is displayed in the second section, in
the case H of FIG. 16, the middle grayscale is displayed in the
first section and then white is displayed in the second section,
and in the case I of FIG. 16, white is displayed in the first
section and then white is again displayed in the second sec-
tion.

[0158] Through the combination of the data voltage levels
and the temporal division driving, various grayscales may be
expressed by using the time span of the first section and the
second section.

[0159] In an exemplary embodiment, as shown in FIG. 16,
the voltage level of the data voltage further includes one
middle grayscale, but the invention is not limited thereto. In
an alternative exemplary embodiment, the voltage level ofthe
data voltage may further include two more middle grayscales.
[0160] Accordingly, various exemplary embodiments may
be provided by mixing the methods of displaying grayscales
using various numbers of the sub-frames and various sizes
and positions of the first section and the second section. In
such an embodiment, the grayscale is displayed through the
temporal combination.

[0161] In such an embodiment, the same grayscale is dis-
played by various temporal division methods, as described
above, to effectively prevent or substantially reduce the false
contour.

[0162] Next, FIG. 17 to FIG. 19 show an exemplary
embodiment where a p-type metal-oxide-semiconductor
(“pMOS”) type of thin film transistor is used.

[0163] FIG. 17 is a circuit diagram of a pixel of an alterna-
tive exemplary embodiment of an organic light emitting
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device according to the invention, FIG. 18 is a signal timing
diagram of gate voltages applied to the organic light emitting
device of FIG. 17, and F1G. 19 is a waveform diagram of data
voltages applied to the organic light emitting device of FIG.
17.

[0164] In FIG. 17, the first switching element SW1, the
second switching element SW2 and the driving transistor
TR1 include the pMOS type of thin film transistor. In such an
embodiment, the first switching element SW1, the second
switching element SW2 and the driving transistor TR1 are
turned on when a low voltage is applied thereto.

[0165] The organic light emitting device in FIGS. 17 to 19
is substantially the same as the organic light emitting device
shown in FIGS. 1 to 3 except that pMOS type of thin film
transistor is used, and any repetitive detailed description
thereof will hereinafter be omitted. In such an embodiment,
the various gray expression methods shown in FIG. 4 to FIG.
16 may be used.

[0166] According to analternative exemplary embodiment,
when considering the time span of one sub-frame, the section
where the gate-on voltage is applied may be excluded, as the
time span in which the gate-on voltage is applied is substan-
tially short and the voltage applied to the control terminal of
the driving transistor is changed during the corresponding
time span such that the luminance may not be effectively
specified.

[0167] While this invention has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention is
not limited to the disclosed embodiments, but, on the con-
trary, is intended to cover various modifications and equiva-
lent arrangements included within the spirit and scope of the
appended claims.

What is claimed is:

1. A display device comprising:

a first switching element which transmits a first data volt-
age;

a second switching element which transmits a second data
voltage;

adriving transistor connected to the first switching element
and the second switching element, wherein the driving
transistor is driven based on the first data voltage and the
second data voltage; and

an organic light emitting diode connected to the driving
transistor, wherein the organic light emitting diode emits
light based on an output of the driving transistor.

2. The display device of claim 1, further comprising:

a first gate line connected to a control terminal of the first
switching element and which transmits a first gate volt-
age; and

a second gate line connected to a control terminal of the
second switching element and which transmits a second
gate voltage,

wherein a gate-on voltage of the first gate voltage and a
gate-on voltage ofthe second gate voltage do not overlap
each other.

3. The display device of claim 2, wherein

aunit frame is divided into a plurality of sub-frames, and

at least one of the gate-on voltage of the first gate voltage
and the gate-on voltage of the second gate voltage is
applied in each sub-frame.

4. The display device of claim 3, wherein

each of at least two of the sub-frames is divided into a first
section and a second section, wherein the first section is
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defined as a section between a rising edge of the gate-on
voltage of the first gate voltage and a rising edge of the
gate-on voltage of the second gate voltage in a same
sub-frame, and the second section is defined as a remain-
ing section in the same sub-frame,

time spans of first sections of the at least two of the sub-
frames are different from each other, and

time spans of second sections of the at least two of the
sub-frames are different from each other.

5. The display device of claim 4, wherein

the gate-on voltage of the second gate voltage is not applied
during at least a portion of the sub-frames in the unit
frame.

6. The display device of claim 5, wherein

adjacent at least two sub-frames of the at least a portion of
the sub-frames are grouped as one such that the adjacent
at least two sub-frames are operated substantially in a
same mannet.

7. The display device of claim 6, wherein

the sub-frames are arranged with a sequence, in which the
time span of the first section increases.

8. The display device of claim 6, wherein

luminances displayed in the sub-frames of the unit frame
are temporally combined to display a grayscale of the
unit frame,

a same grayscale in the unit frame is displayed by a plural-
ity of different temporal combinations of the luminances
displayed by the sub-frames of the unit frame, and

the plurality of different temporal combinations of the
luminances displayed by the sub-frames of the unit
frame is applied to display the same grayscale.

9. The display device of claim 6, wherein

each of the first data voltage and the second data voltage
has a plurality of voltage levels.

10. The display device of claim 4, wherein

the organic light emitting diode emits the light in the sec-
ond section.

11. A driving method of a display device, the method

comprising:

applying a first data voltage to a control terminal of a
driving transistor of the display device through a first
switching element of the display device;

applying a second data voltage to the control terminal of
the driving transistor of the display device through a
second switching element of the display device; and

emitting light through an organic light emitting diode of the
display device based on an operation of the driving tran-
sistor,

wherein a gate-on voltage of the first gate voltage and a
gate-on voltage ofthe second gate voltage do not overlap
each other.

12. The driving method of claim 11, wherein

a unit frame is divided into a plurality of sub-frames, and

at least one of the applying the first data voltage and the
applying the second data voltage is performed in each
sub-frame.

13. The driving method of claim 12, wherein each of at
least two of the sub-frames is divided into a first section and
a second section, wherein the first section is defined as a
section between a rising edge of the gate-on voltage of the
first gate voltage and a rising edge of the gate-on voltage of
the second gate voltage in a same sub-frame, and the second
section is defined as a remaining section in the same sub-
frame,
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time spans of first sections of the at least two of the sub-
frames are different from each other, and

time spans of second sections of the at least two of the
sub-frames are different from each other.

14. The driving method of claim 13, wherein

the gate-on voltage of the second gate voltage is not applied
during at least a portion of the sub-frames in the unit
frame.

15. The driving method of claim 14, wherein

adjacent at least two sub-frames of the at least a portion of
the sub-frames are grouped as one such that the adjacent
at least two sub-frames are operated substantially in a
same manner.

16. The driving method of claim 15, wherein

the sub-frames are arranged with a sequence, in which the
span of the first section increases.

17. The driving method of claim 16, wherein

luminances displayed in the sub-frames of the unit frame
are temporally combined to display a grayscale of the
unit frame,

Feb. 20, 2014

a same grayscale in the unit frame is displayed by a plural-
ity of different temporal combinations of the luminances
displayed by the sub-frames of the unit frame, and

the plurality of different temporal combinations of the
luminances displayed by the sub-frames of the unit
frame is applied to display the same grayscale.

18. The driving method of claim 16, further comprising:

at least one of changing a number of the sub-frames in the
unit frame, changing a sequence of the sub-frames in the
unit frame, and changing the time span of the first sec-
tion or the second section.

19. The driving method of claim 16, wherein

each of the first data voltage and the second data voltage
has a plurality of voltage levels.

20. The driving method of claim 13, wherein

the organic light emitting diode emits the light in the sec-
ond section.
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