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(57) ABSTRACT

An organic light emitting diode (OLED) display device
supporting a variable frame mode includes an OLED display
panel, a data driver configured to provide a data signal to the
OLED display panel, a scan driver configured to provide a
scan signal to the OLED display panel, an emission driver
configured to provide an emission control signal to the

(22) Filed: Dec. 16, 2019 OLED display panel, and a controller configured to control
the data driver, the scan driver and the emission driver, to
(30) Foreign Application Priority Data count a time of a current frame, and to control the emission
driver to decrease an off period ratio of the emission control
Dec. 18,2018  (KR) .rceovevcervceinne 10-2018-0163744 signal as the counted time of the current frame increases.
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FIG. 9
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ORGANIC LIGHT EMITTING DIODE
DISPLAY DEVICE SUPPORTING VARIABLE
FRAME MODE, AND METHOD OF
OPERATING ORGANIC LIGHT EMITTING
DIODE DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from and the ben-
efit of Korean Patent Application No. 10-2018-0163744,
filed on Dec. 18, 2018, which is hereby incorporated by
reference for all purposes as if fully set forth herein.

BACKGROUND

FIELD

[0002] Exemplary embodiments of the invention relate
generally to display devices, and more specifically to
organic light emitting diode display devices supporting
variable frame modes, and methods of operating the organic
light emitting diode display devices.

DISCUSSION OF THE BACKGROUND

[0003] A display device, such as an organic light emitting
diode (OLED) display device, may generally display an
image with (or at) a constant frame rate of about 60 Hz or
more. However, a frame rate of rendering by a host proces-
sor (e.g., a graphic processing unit (GPU) or a graphic card)
providing frame data to the OLED display device may be
different from the frame rate (refresh rate) of the OLED
display device. In particular, when the host processor pro-
vides the OLED display device with frame data for a game
image (gaming image) that requires complicated rendering,
the frame rate mismatch may be intensified, and a tearing
phenomenon may occur where a boundary line is caused by
the frame rate mismatch in an image of the OLED display
device.

[0004] To prevent or reduce the tearing phenomenon, a
variable frame mode (e.g., variable refresh rate mode such
as Free-Sync, G-Sync, etc.) has been developed in which a
host processor provides frame data to an OLED display
device with a variable frame rate by changing a time of a
blank period in each frame. An OLED display device
supporting the variable frame mode may display an image in
synchronization with the variable frame rate, thereby reduc-
ing or preventing the tearing phenomenon.

[0005] However, in the OLED display device operating in
the variable frame mode, the time (or a duration of time) of
the blank period may be increased compared with a time of
a blank period in a normal mode in which an image is
displayed with a constant frame rate, and the increased blank
period may cause a leakage current, etc., which results in
deterioration of luminance. Further, in the case where the
luminance is deteriorated in a previous frame, a flicker may
occur between the previous frame and a current frame.
[0006] The above information disclosed in this Back-
ground section is only for understanding of the background
of the inventive concepts, and, therefore, it may contain
information that does not constitute prior art.

SUMMARY

[0007] Devices constructed according to exemplary
embodiments of the invention are capable of providing an
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organic light emitting diode (OLED) display device capable
of improving an image quality in a variable frame mode.
[0008] Methods according to exemplary implementations
of the invention are capable of operating an OLED display
device with improved image quality in a variable frame
mode.

[0009] Additional features of the inventive concepts will
be set forth in the description which follows, and in part will
be apparent from the description, or may be learned by
practice of the inventive concepts.

[0010] According to one or more exemplary embodi-
ments, there is provided an organic light emitting diode
(OLED) display device supporting a variable frame mode.
The OLED display device includes an OLED display panel,
a data driver configured to provide a data signal to the OLED
display panel, a scan driver configured to provide a scan
signal to the OLED display panel, an emission driver
configured to provide an emission control signal to the
OLED display panel, and a controller configured to control
the data driver, the scan driver and the emission driver, to
count a time of a current frame, and to control the emission
driver to decrease an off period ratio of the emission control
signal as the counted time of the current frame increases.
[0011] The controller may control the emission driver to
gradually or stepwise decrease the off period ratio of the
emission control signal as the counted time of the current
frame increases to compensate for luminance of the OLED
display panel which is decreased as the counted time of the
current frame increases.

[0012] The controller may be configured to determine an
initial off’ period ratio of the emission control signal in
response to a dimming control signal, to control the emission
driver to output the emission control signal having the initial
off period ratio until the counted time of the current frame
reaches a time of a minimum frame corresponding to a
maximum frame rate of the variable frame mode, and to
control the emission driver to output the emission control
signal having the off period ratio that is decreased from the
initial off period ratio when the counted time of the current
frame reaches the time of the minimum frame.

[0013] The controller may be configured to determine a
length of a whole off period of the emission control signal
in the minimum frame in response to the dimming control
signal, to determine a number of cycles of the emission
control signal and an initial length of an off period in one
cycle of the emission control signal during the minimum
frame based on the determined length of the whole off
period, and to decrease a length of the off period in one cycle
of the emission control signal from the initial length when
the counted time of the current frame reaches the time of the
minimum frame.

[0014] The OLED display device may, further include a
memory device configured to store reference time informa-
tion for a plurality of reference times that are to be compared
with the counted time of the current frame, and off period
offset information for a plurality of off period offsets respec-
tively corresponding to the plurality of reference times.
[0015] The controller may be configured to compare the
counted time of the current frame with the plurality of
reference times based on the reference time information,
and, when the counted time of the current frame reaches one
reference time of the plurality of reference times, to decrease
alength of an off period in one cycle of the emission control
signal by one off period offset corresponding to the one
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reference time among the plurality of off period offsets based
on the off period offset information.

[0016] The controller may be configured to control the
emission driver to output the emission control signal where
a first off period and a first on period are repeated with a first
period until the counted time of the current frame reaches a
time of a minimum frame corresponding to a maximum
frame rate of the variable frame mode, and to control the
emission driver to output the emission control signal where
a second off period and a second on period are repeated with
a second period shorter than the first period when the
counted time of the current frame reaches the time of the
minimum frame.

[0017] A ratio of the second off period to the second on
period may be decreased compared with a ratio of the first
off period to the first on period.

[0018] According to one or more exemplary embodi-
ments, there is provided a method of operating an organic
light emitting diode (OLED) display device supporting a
variable frame mode. In the method, an initial off period
ratio of an emission control signal is determined in response
to a dimming control signal, a time of a current frame is
counted, an OLED display panel of the OLED display
device is driven based on the emission control signal having
the initial off period ratio until the counted time of the
current frame reaches a first reference time, an off period
ratio of the emission control signal is decreased from the
initial off period ratio when the counted time of the current
frame reaches the first reference time, and the OLED display
panel is driven based on the emission control signal having
the decreased off period ratio when the counted time of the
current frame reaches the first reference time.

[0019] To determine the initial off period ratio of the
emission control signal in response to the dimming control
signal, a length of a whole off period of the emission control
signal in a minimum frame corresponding to a maximum
frame rate of the variable frame mode may be determined in
response to the dimming control signal, and a number of
cycles of the emission control signal and an initial length of
an off period in one cycle of the emission control signal
during the minimum frame may be determined based on the
determined length of the whole off period.

[0020] To decrease the off period ratio of the emission
control signal from the initial off period ratio, a length of the
off period in one cycle of the emission control signal may be
decreased from the initial length.

[0021] The first reference time may correspond to a time
of a minimum frame corresponding to a maximum frame
rate of the variable frame mode.

[0022] The counted time of the current frame may be
compared with a second reference time longer than the first
reference time, and the decreased off period ratio of the
emission control signal may be further decreased when the
counted time of the current frame reaches the second refer-
ence time.

[0023] In exemplary embodiments, reference time infor-
mation for a plurality of reference times including the first
reference time, and off period offset information for a
plurality of off period offsets respectively corresponding to
the plurality of reference times may be stored, the counted
time of the current frame may be compared with the plurality
of reference times based on the reference time information,
and, when the counted time of the current frame reaches one
reference time of the plurality of reference times, a length of
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an off period in one cycle of the emission control signal may
be decreased by one off period offset corresponding to the
one reference time among the plurality of off period offsets
based on the off period offset information.

[0024] According to one or more exemplary embodi-
ments, there is provided a method of operating an organic
light emitting diode (OLED) display device supporting a
variable frame mode. In the method, a time of a current
frame is counted, an OLED display panel of the OLED
display device is driven based on an emission control signal
where a first off period and a first on period are repeated with
a first period until the counted time of the current frame
reaches a first reference time, and the OLED display panel
of the OLED display device is driven based on the emission
control signal where a second off period and a second on
period are repeated with a second period shorter than the first
period when the counted time of the current frame reaches
the first reference time.

[0025] The first reference time may correspond to a time
of a minimum frame corresponding to a maximum frame
rate of the variable frame mode.

[0026] A ratio of the second off period to the second on
period may be a same as a ratio of the first off period to the
first on period.

[0027] Period information for the second period may be
stored in a memory device included in the OLED display
device.

[0028] A ratio of the second off period to the second on
period may be decreased compared with a ratio of the first
off period to the first on period.

[0029] Reference time information for a plurality of ref-
erence times including the first reference time, and off period
offset information for a plurality of off period offsets respec-
tively corresponding to the plurality of reference times may
be stored, the counted time of the current frame may be
compared with the plurality of reference times based on the
reference time information, and, when the counted time of
the current frame reaches one reference time of the plurality
of reference times, a length of the second off period in one
cycle of the emission control signal may be decreased by one
off period offset corresponding to the one reference time
among the plurality of off period offsets based on the off
period offset information.

[0030] Tt is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate exemplary embodiments of the invention, and
together with the description serve to explain the inventive
concepts.

[0032] FIG. 1 is a block diagram illustrating an organic
light emitting diode (OLED) display device according to
exemplary embodiments.

[0033] FIG. 2 is a circuit diagram illustrating an example
of a pixel included in an OLED display device of FIG. 1.
[0034] FIG. 3 is a timing diagram illustrating an example
of input image data input to an OLED display device of FIG.
1 in a variable frame mode.
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[0035] FIG. 4 is a timing diagram for describing an
operation of an OLED display device of FIG. 1.

[0036] FIG. 5 is a flowchart illustrating a method of
operating an OLED display device according to exemplary
embodiments.

[0037] FIG. 6 is a timing diagram for an operation of an
OLED display device performing a method of FIG. 5.
[0038] FIG. 7 is a flowchart illustrating a method of
operating an OLED display device according to exemplary
embodiments.

[0039] FIG. 8 is a timing diagram for an operation of an
OLED display device performing a method of FIG. 7.
[0040] FIG. 9 is a flowchart illustrating a method of
operating an OLED display device according to exemplary
embodiments.

[0041] FIG. 10 is a timing diagram for an operation of an
OLED display device performing a method of FIG. 9.
[0042] FIG. 11 is a block diagram illustrating an electronic
device including an OLED display device according to
exemplary embodiments.

DETAILED DESCRIPTION

[0043] 1In the following description, for the purposes of
explanation, numerous specific details are set forth in order
to provide a thorough understanding of various exemplary
embodiments or implementations of the invention. As used
herein “embodiments” and “implementations” are inter-
changeable words that are non-limiting examples of devices
or methods employing one or more of the inventive concepts
disclosed herein. It is apparent, however, that various exem-
plary embodiments may be practiced without these specific
details or with one or more equivalent arrangements. In
other instances, well-known structures and devices are
shown in block diagram form in order to avoid unnecessarily
obscuring various exemplary embodiments. Further, various
exemplary embodiments may be different, but do not have
to be exclusive. For example, specific shapes, configura-
tions, and characteristics of an exemplary embodiment may
be used or implemented in another exemplary embodiment
without departing from the inventive concepts.

[0044] Unless otherwise specified, the illustrated exem-
plary embodiments are to be understood as providing exem-
plary features of varying detail of some ways in which the
inventive concepts may be implemented in practice. There-
fore, unless otherwise specified, the features, components,
modules, layers, films, panels, regions, and/or aspects, etc.
(hereinafter individually or collectively referred to as “ele-
ments”), of the various embodiments may be otherwise
combined, separated, interchanged, and/or rearranged with-
out departing from the inventive concepts.

[0045] In the accompanying drawings, the size and rela-
tive sizes of elements may be exaggerated for clarity and/or
descriptive purposes. When an exemplary embodiment may
be implemented differently, a specific process order may be
performed differently from the described order. For
example, two consecutively described processes may be
performed substantially at the same time or performed in an
order opposite to the described order. Also, like reference
numerals denote like elements.

[0046] When an element is referred to as being “on,”
“connected to,” or “coupled to” another element, it may be
directly on, connected to, or coupled to the other element or
intervening elements may be present. When, however, an
element is referred to as being “directly on,” “directly
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connected to,” or “directly coupled to” another element,
there are no intervening elements present. To this end, the
term “connected” may refer to physical, electrical, and/or
fluid connection, with or without intervening elements.
Further, the D1-axis, the D2-axis, and the D3-axis are not
limited to three axes of a rectangular coordinate system,
such as the x, y, and z—axes, and may be interpreted in a
broader sense. For example, the D1-axis, the D2-axis, and
the D3-axis may be perpendicular to one another, or may
represent different directions that are not perpendicular to
one another. For the purposes of this disclosure, “at least one
of X, Y, and Z” and “at least one selected from the group
consisting of X, Y, and Z” may be construed as X only, Y
only, Z only, or any combination of two or more of X, Y, and
7, such as, for instance, XYZ, XYY, YZ, and Z7. As used
herein, the term “and/or” includes any and all combinations
of one or more of the associated listed itens.

[0047] Although the terms “first,” “second,” etc. may be
used herein to describe various types of elements, these
elements should not be limited by these terms. These terms
are used to distinguish one element from another element.
Thus, a first element discussed below could be termed a
second element without departing from the teachings of the

disclosure.

[0048] Spatially relative terms, such as “beneath,”
“below,” ‘“under,” “lower,” “above,” “upper,” “over,”
“higher,” “side” (e.g., as in “sidewall”), and the like, may be
used herein for descriptive purposes, and, thereby, to
describe one elements relationship to another element(s) as
illustrated in the drawings. Spatially relative terms are
intended to encompass different orientations of an apparatus
in use, operation, and/or manufacture in addition to the
orientation depicted in the drawings. For example, if the
apparatus in the drawings 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. Furthermore, the apparatus
may be otherwise oriented (e.g., rotated 90 degrees or at
other orientations), and, as such, the spatially relative
descriptors used herein interpreted accordingly.

[0049] The terminology used herein is for the purpose of
describing particular embodiments and is not intended to be
limiting. 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. Moreover, the terms
“comprises,” “comprising,” “includes,” and/or “including,”
when used in this specification, specify the presence of
stated features, integers, steps, operations, elements, com-
ponents, and/or groups thereof, but do not preclude the
presence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof. It is also noted that, as used herein, the terms
“substantially,” “about,” and other similar terms, are used as
terms of approximation and not as terms of degree, and, as
such, are utilized to account for inherent deviations in
measured, calculated, and/or provided values that would be
recognized by one of ordinary skill in the art.

[0050] As is customary in the field, some exemplary
embodiments are described and illustrated in the accompa-
nying drawings in terms of functional blocks, units, and/or
modules. Those skilled in the art will appreciate that these
blocks, units, and/or modules are physically implemented by
electronic (or optical) circuits, such as logic circuits, discrete

%
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components, microprocessors, hard-wired circuits, memory
elements, wiring connections, and the like, which may be
formed using semiconductor-based fabrication techniques or
other manufacturing technologies. In the case of the blocks,
units, and/or modules being implemented by microproces-
sors or other similar hardware, they may be programmed and
controlled using software (e.g., microcode) to perform vari-
ous functions discussed herein and may optionally be driven
by firmware and/or software. It is also contemplated that
each block, unit, and/or module may be implemented by
dedicated hardware, or as a combination of dedicated hard-
ware to perform some functions and a processor (e.g., one or
more programmed microprocessors and associated circuitry)
to perform other functions. Also, each block, unit, and/or
module of some exemplary embodiments may be physically
separated into two or more interacting and discrete blocks,
units, and/or modules without departing from the scope of
the inventive concepts. Further, the blocks, units, and/or
modules of some exemplary embodiments may be physi-
cally combined into more complex blocks, units, and/or
modules without departing from the scope of the inventive
concepts.

[0051] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which this disclosure is a part. Terms, such as those
defined in commonly used dictionaries, should be inter-
preted as having a meaning that is consistent with their
meaning in the context of the relevant art and should not be
interpreted in an idealized or overly formal sense, unless
expressly so defined herein.

[0052] FIG. 1 is a block diagram illustrating an organic
light emitting diode (OLED) display device according to
exemplary embodiments, FIG. 2 is a circuit diagram illus-
trating an example of a pixel included in an OLED display
device of FIG. 1, FIG. 3 is a timing diagram illustrating an
example of input image data input to an OLED display
device of FIG. 1 in a variable frame mode, and FIG. 4 is a
timing diagram for describing an operation of an OLED
display device of FIG. 1.

[0053] Referring to FIG. 1, an OLED display device 100
according to exemplary embodiments may include an OLED
display panel 110, a data driver 120 that provides a data
signal DS to the OLED display panel 110, a scan driver 130
that provides a scan signal SS to the OLED display panel
110, an emission driver 140 that provides an emission
control signal EMS to the OLED display panel 110, and a
controller 150 that controls the data driver 120, the scan
driver 130 and the emission driver 140.

[0054] The display panel 110 may include a plurality of
data lines, a plurality of scan lines, a plurality of emission
control lines, and a plurality of pixels PX coupled to the
plurality of data lines, the plurality of scan lines and the
plurality of emission control lines. Each pixel PX may
selectively emit light in response to the emission control
signal EMS.

[0055] In some exemplary embodiments, as illustrated in
FIG. 2, each pixel PX may have a 7T1C structure including
seven transistors T1, T2, T3, T4, T5, T6, and T7 and one
capacitor CST. For example, each pixel PX may include a
first transistor T1 that transfers the data signal DS to one
terminal of a second transistor T2 in response to the scan
signal SS, a storage capacitor CST that stores the data signal
transferred through a diode-connected second transistor T2,
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the second transistor T2 that generates a driving current
based on a voltage stored in the storage capacitor CST, a
third transistor T3 that diode-connects the second transistor
T2 in response to the scan signal SS, a fourth transistor T4
that applies an initialization voltage VINIT to the storage
capacitor CST and a gate of the second transistor T2 in
response to an initialization signal SINIT, a fifth transistor
T5 that applies the initialization voltage VINIT to an organic
light emitting diode EL in response to the scan signal SS, a
sixth transistor T6 that connects a line of a first power supply
voltage ELVDD to the second transistor T2 in response to
the emission control signal EMS, a seventh transistor T7 that
connects the second transistor T2 to the organic light emit-
ting diode EL in response to the emission control signal
EMS, and the organic light emitting diode EL coupled
between the seventh transistor T7 and a line of a second
power supply voltage ELVSS. However, the pixel PX
according to exemplary embodiments may not be limited to
an example of a pixel configuration illustrated in FIG. 2.
[0056] The data driver 120 may provide the data signal DS
to the plurality of pixels PX through the plurality of data
lines based on output image data ODAT and a data control
signal DCTRL received from the controller 150. In some
exemplary embodiments, the data control signal DCTRL
may include, but not be limited to, an output data enable
signal, a horizontal start signal and a load signal.

[0057] The scan driver 130 may provide the scan signal SS
to the plurality of pixels PX through the plurality of scan
lines based on a scan control signal SCTRL received from
the controller 150. In some exemplary embodiments, the
scan driver 130 may sequentially provide the scan signal SS
to the plurality of pixels PX on a row-by-row basis. In some
exemplary embodiments, the scan control signal SCTRL
may include, but not be limited to, a scan start signal and a
scan clock signal.

[0058] The emission driver 140 may provide the emission
control signal EMS to the plurality of pixels PX through the
plurality of emission control lines based on an emission
driver control signal EMCTRL received from the controller
150. In some exemplary embodiments, the emission driver
140 may sequentially provide the emission control signal
EMS to the plurality of pixels PX on a row-by-row basis
such that the plurality of pixels PX may sequentially emit
light on a row-by-row basis. In other exemplary embodi-
ments, the emission driver 140 may substantially simulta-
neously provide the emission control signal EMS to the
plurality of pixels PX such that the plurality of pixels PX
may substantially simultaneously emit light.

[0059] The controller (e.g., a timing controller) 150 may
receive input image data IDAT and a control signal CTRL
from an external host processor (e.g., a graphic processing
unit (GPU) or a graphic card). In some exemplary embodi-
ments, the input image data IDAT may be RGB data
including red image data, green image data and blue image
data. In some exemplary embodiments, the control signal
CTRL may include, but not be limited to, a vertical syn-
chronization signal VSYNC, a horizontal synchronization
signal, an input data enable signal, a master clock signal, etc.
Further, in some exemplary embodiments, the control signal
CTRL may further include a dimming control signal DCS
representing a dimming level (or a luminance level) of the
OLED display device 100. For example, the host processor
may determine the dimming level (or the luminance level) of
the OLED display device 100 based on a user’s selection,
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luminance of external light, a remaining charge of a battery,
etc., and may provide the determined dimming level (or the
determined luminance level) to the controller 150. The
controller 150 may generate the data control signal DCTRL,
the scan control signal SCTRL, the emission driver control
signal EMCTRL and the output image data ODAT based on
the control signal CTRL and the input image data IDAT. The
controller 150 may control an operation of the data driver
120 by providing the data control signal DCTRL and the
output image data ODAT to the data driver 120, may control
an operation of the scan driver 130 by providing the scan
control signal SCTRL to the scan driver 130, and may
control an operation of the emission driver 140 by providing
the emission driver control signal EMCTRL to the emission
driver 140.

[0060] The controller 150 according to exemplary
embodiments may support a variable frame mode in which
the host processor provides the input image data IDAT to the
OLED display device 100 with a variable frame rate by
changing a time (or a duration of time) of a blank period in
each frame and the controller 150 provides the output image
data ODAT to the data driver 120 in synchronization with
the variable frame rate such that an image is displayed with
the variable frame rate. For example, the variable frame
mode may include a Free-Sync mode, a G-Sync mode, etc.
[0061] For example, as illustrated in FIG. 3, a period of
each of renderings 210, 220, and 230 by the host processor
(e.g., the GPU or the graphic card) may not be constant (in
particular, in a case where game image data are rendered),
and the host processor may provide the input image data
IDAT, or frame data FD1, FD2 and FD3 to the OLED
display device 100 in synchronization with, respectively,
these irregular periods of renderings 210, 220, and230 in the
variable frame mode. Thus, in the variable frame mode, each
frame FP1, FP2 and FP3 may include a constant active
period AP1, AP2 and AP3 having a constant time, and the
host processor may provide the frame data FD1, FD2 and
FD3 to the OLED display device 100 with a variable frame
rate by changing a time of a blank period BP1, BP2 and BP3
of the frame FP1, FP2 and FP3.

[0062] In an example of FIG. 3, if a rendering 210 for
second frame data FD2 is performed with a frequency of
about 144 Hz in first frame FP1, the host processor may
provide first frame data FD1 to the OLED display device
100 with a frame rate of about 144 Hz in the first frame FP1.
Further, the host processor may output the second frame data
FD2 during an active period AP2 of a second frame FP2,
may continue a blank period BP2 of the second frame FP2
until rendering 220 for third frame data FD3 is completed.
Thus, in the second frame FP2, if the rendering 220 for the
third frame data FD3 is performed with a frequency of about
72 Hz, the host processor may provide the second frame data
FD2 to the OLED display device 100 with a frame rate of
about 72 Hz by increasing a time of the blank period BP2 of
the second frame FP2. In third frame FP3, if a rendering 230
for fourth frame data FD4 is performed again with a fre-
quency of about 144 Hz, the host processor may provide the
third frame data FD3 to the OLED display device 100 again
with a frame rate of about 144 Hz.

[0063] As described above, in the variable frame mode,
each frame FP1, FP2 and FP3 may include a constant active
period AP1, AP2 and AP3 having a constant time regardless
of a variable frame rate, and a variable blank period BP1,
BP2 and BP3 having a variable time corresponding to the
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variable frame rate. For example, in the variable frame
mode, the time of the blank period BP1, BP2 and BP3 may
increase as the frame rate decreases. In the variable frame
mode, the controller 150 may receive the input image data
DAT with the variable frame rate, and may output the output
image data ODAT to the data driver 120 with the variable
frame rate. Accordingly, the OLED display device 100
supporting the variable frame mode may display an image in
synchronization with the variable frame rate, thereby reduc-
ing or preventing a tearing phenomenon caused by a frame
rate mismatch.

[0064] In the variable frame mode, since a time of the
blank period may be changed in each frame period, the time
of the blank period may be increased compared with a length
of a blank period in a normal mode where an image is
displayed with a constant frame rate, and the increased blank
period may cause a leakage current, etc., which results in
deterioration of luminance and deterioration of an image
quality. Further, in the case where the luminance is deterio-
rated in a previous frame, a flicker may occur between the
previous frame and a current frame. To reduce or prevent the
image quality deterioration and the occurrence of the flicker
caused by the leakage current in the variable blank period,
the controller 150 according to exemplary embodiments
may count a time of a current frame, and may control the
emission driver 140 to decrease an off period ratio (or to
increase an on period ratio) of the emission control signal
EMS as the counted time of the current frame increases. In
some exemplary embodiments, the controller 150 may
include a frame time counter 160 that counts the time of the
current frame. Here, the off period ratio of the emission
control signal EMS may be a ratio of an off period to a sum
of the on period and the off period of the emission control
signal EMS, and may be referred to as an AMOLED off ratio
(AOR). If the off period ratio of the emission control signal
EMS is decreased (or the on period ratio of the emission
control signal EMS is increased) as the counted time of the
current frame increases, the luminance deterioration caused
by the increase of the time of the variable blank period may
be compensated, and the occurrence of the flicker may be
prevented.

[0065] In some exemplary embodiments, the controller
150 may control the emission driver 140 to gradually or
stepwise decrease the off period ratio of the emission control
signal EMS as the counted time of the current frame
increases to compensate for luminance of the OLED display
panel 110 which is decreased as the counted time of the
current frame increases.

[0066] For example, as illustrated in FIG. 4, in a case
where a first frame FP1 corresponds to the maximum frame
rate (e.g., about 144 Hz) of the variable frame mode, and a
second frame FP2 corresponds to a frame rate (e.g., about 72
Hz) lower than the maximum frame rate, in a conventional
OLED display device where the off period ratio of the
emission control signal EMS is not controlled, a blank
period of the second frame FP2 is increased, luminance
deterioration may occur in the increased blank period, and a
flicker may occur at a start time point of a third frame FP3.
However, in the OLED display device 100 according to
exemplary embodiments. an off period ratio OFR_EMS of
the emission control signal EMS may be decreased as a time
of a current frame, for example the second frame FP2
increases, and thus the luminance deterioration in the
increased blank period may be compensated. For example,
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as illustrated in FIG. 4, in the OLED display device 100
according to exemplary embodiments, the off period ratio
OFR_EMS of the emission control signal EMS may be
gradually decreased from when the time of the current
frame, for example the second frame FP2 reaches a time of
the minimum frame corresponding to the maximum frame
rate of the variable frame mode. Accordingly, the luminance
deterioration in the increased blank period may be compen-
sated, and the occurrence of the flicker may be prevented.

[0067] In some exemplary embodiments, the controller
150 may receive the dimming control signal DCS represent-
ing the dimming level (or the luminance level) of the OLED
display device 100, and may determine an initial off period
ratio of the emission control signal EMS in response to the
dimming control signal DCS. In some exemplary embodi-
ments, the controller 150 may determine a length of a whole
off period of the emission control signal EMS in the mini-
mum frame corresponding to the maximum frame rate (e.g.,
about 144 Hz) in response to the dimming control signal
DCS, and determine the number of cycles (each including
one off period and one on period) of the emission control
signal EMS and an initial length of the off period in one
cycle of the emission control signal EMS during the mini-
mum frame based on the determined length of the whole off
period of the minimum frame. For example, in a case where
the length of the whole off period of the emission control
signal EMS corresponding to the dimming level indicated by
the dimming control signal DCS is about 40 horizontal
times, or 40 H, to allow a length (or time) of the off period
in one cycle not to exceed a predetermined time, the
controller 150 may determine the number of cycles in the
minimum frame as 4, and may determine the initial length
of the off period in each cycle as 10 H. However, the number
of cycles and the initial length of the off period in each cycle
may not be limited thereto. The controller 150 may control
the emission driver 140 to output the emission control signal
EMS having the initial off period ratio until the counted time
of the current frame reaches the time of the minimum frame
corresponding to the maximum frame rate of the variable
frame mode.

[0068] When the counted time of the current frame
reaches the time of the minimum frame, the controller 150
may control the emission driver 140 to output the emission
control signal EMS having the off period ratio that is
decreased from the initial off period ratio. For example,
when the counted time of the current frame reaches the time
of the minimum frame, the controller 150 may decrease the
length of the off period in each cycle of the emission control
signal EMS from the initial length.

[0069] In some exemplary embodiments, the OLED dis-
play device 100 may further include a memory device 170
that stores reference time information RTT and off period
offset information OPOI. For example, the memory device
170 may be, but not limited to, a nonvolatile memory device,
such as a flash memory device, which retains stored data
even if the nonvolatile memory device is not supplied with
power. The reference time information RTI may represent a
plurality of reference times that are to be compared with the
counted time of the current frame, and the off period offset
information OPOI may represent a plurality of off period
offsets respectively corresponding to the plurality of refer-
ence times. In some exemplary embodiments, the controller
150 may compare the counted time of the current frame with
the plurality of reference times based on the reference time
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information RTI. When the counted time of the current
frame reaches one reference time of the plurality of refer-
ence times, the controller 150 may decrease the length of the
off period in one cycle (or each cycle) of the emission
control signal EMS by one off period offset corresponding to
the one reference time among the plurality of off period
offsets based on the off period offset information OPOI. In
some exemplary embodiments, the plurality of reference
times indicated by the reference time information RTI and
the plurality of off period offsets indicated by the off period
offset information OPOI may be set or updated.

[0070] In some exemplary embodiments, the controller
150 may control the emission driver 140 to output the
emission control signal EMS where a first off period and a
first on period are repeated with a first period until the
counted time of the current frame reaches the time of the
minimum frame corresponding to the maximum frame rate
of the variable frame mode, and may control the emission
driver 140 to output the emission control signal EMS where
a second off period and a second on period are repeated with
a second period shorter than the first period when the
counted time of the current frame reaches the time of the
minimum frame. Accordingly, a probability that an active
period of the next frame starts in the middle of a cycle
including the second off period and the second on period
may be reduced. Further, in some exemplary embodiments,
a ratio of the second off period to the second on period (or
to a sum of the second on period and the second off period)
may be decreased compared with a ratio of the first off
period to the first on period (or to a sum of the first on period
and the first off period). In this case, the luminance deterio-
ration in the variable frame mode may be compensated, and
the occurrence of the flicker may be prevented.

[0071] As described above, in the OLED display device
100 according to exemplary embodiments, the time of the
current frame may be counted, and the off period ratio of the
emission control signal EMS may be decreased as the
counted time of the current frame increases. Accordingly,
the luminance deterioration and the occurrence of the flicker
caused by the increase of the time of the variable blank
period in the variable frame mode may be prevented, and the
image quality of the OLED display device 100 may be
improved.

[0072] FIG. 5 is a flowchart illustrating a method of
operating an OLED display device according to exemplary
embodiments, and FIG. 6 is a timing diagram for an opera-
tion of an OLED display device performing a method of
FIG. 5.

[0073] Referring to FIG. 1 and FIG. §, in a method of
operating an OLED display device 100 supporting a variable
frame mode, an initial off period ratio of an emission control
signal EMS may be determined in response to a dimming
control signal DCS (8310). In some exemplary embodi-
ments, the dimming control signal DCS may be generated by
a host processor based on a user’s selection, luminance of
external light, a remaining charge of a battery, etc. In other
exemplary embodiments, the dimming control signal DCS
may be generated by a controller 150 of the OLED display
device 100. In some exemplary embodiments, the controller
150 may determine a length (about 40 H in an example of
FIG. 6) of a whole off period of the emission control signal
EMS in a minimum frame corresponding to a maximum
frame rate (e.g., about 144 Hz) of the variable frame mode
based on a dimming level indicated by the dimming control
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signal DCS, and may determine the number of cycles (about
four cycles in the example of FIG. 6) of the emission control
signal EMS and an initial length (about 10 H in the example
of FIG. 6) of an off period in one cycle (or each cycle) of the
emission control signal EMS during the minimum frame
based on the determined length of the whole off period.
[0074] A frame time counter 160 of the controller 150 may
count a time of a current frame (S320), and, until the counted
time of the current frame reaches a first reference time
(S340: NO), the OLED display device 100 may drive an
OLED display panel 110 based on the emission control
signal EMS having the initial off period ratio (S330). In
some exemplary embodiments, the first reference time may
correspond to the time (e.g., about 6.94 ms) of the s
minimum frame corresponding to the maximum frame rate
(e.g., about 144 Hz) of the variable frame mode, and an
emission driver 140 may provide the emission control signal
EMS having the initial off period ratio to the OLED display
panel 110 until the counted time of the current frame reaches
the time (e.g., about 6.94 ms) of the minimum frame. For
example, as illustrated in FIG. 6, during about 6.94 ms after
each frame FP1 and FP2 is started, the emission driver 140
may provide the OLED display panel 110 with the emission
control signal EMS having four cycles and the off period of
about 10 H in each cycle.

[0075] When the counted time of the current frame
reaches the first reference time (S340: YES), the controller
150 may control the emission driver 140 to decrease an off
period ratio of the emission control signal EMS from the
initial off period ratio (S350). In some exemplary embodi-
ments, to decrease the off period ratio of the emission
control signal EMS, the controller 150 may decrease a
length of the off period in one cycle (or each cycle) of the
emission control signal EMS from the initial length (about
10 H in the example of FIG. 6) to a decreased length (about
9 H in the example of FIG. 6).

[0076] Further, when the counted time of the current frame
reaches the first reference time (S340: YES), the OLED
display device 100 may drive the OLED display panel 110
based on the emission control signal EMS having the
decreased off period ratio (S360). For example, as illustrated
in FIG. 6, after about 6.94 ms from the start of each frame
FP1 and FP2, the emission driver 140 may provide the
OLED display panel 110 with the emission control signal
EMS having the off period decreased from about 10 H to
about 9 H in each cycle. As described above, after the time
(e.g., about 6.94 ms) of the minimum frame corresponding
to the maximum frame rate (e.g., about 144 Hz) of the
variable frame mode, the off period ratio of the emission
control signal EMS may be decreased, and thus luminance
deterioration and an occurrence of a flicker in the variable
frame mode may be reduced or prevented.

[0077] If a new frame is not started and the current frame
continues (S370: NO), the counted time of the current frame
may be compared with a second reference time longer than
the first reference time (S340), the decreased off period ratio
of the emission control signal EMS may be further
decreased when the counted time of the current frame
reaches the second reference time (S340:YES and S350),
and the OLED display panel 110 may be driven based on the
emission control signal EMS having the further decreased
off period ratio (8360). For example, in the example of FIG.
6, the length of the off period in each cycle of the emission
control signal EMS may be decreased from about 10 H to
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about 9 H after the time (e.g., about 6.94 ms) of the
minimum frame from the start of the second frame FP2, and
then further after two cycles, the length of the off period in
each cycle of the emission control signal EMS may be
further decreased from about 9 H to about 8 H. Accordingly,
the gradual luminance deterioration caused by the increase
of the frame time in the variable frame mode may be more
accurately compensated.

[0078] In some exemplary embodiments, reference time
information RTI for a plurality of reference times including
the first and second reference times and off period offset
information OPOI for a plurality of off period offsets respec-
tively corresponding to the plurality of reference times may
be stored in a memory device 170 of the OLED display
device 100. In this case, the counted time of the current
frame may be compared with the plurality of reference times
based on the reference time information RTI (S340), and,
when the counted time of the current frame reaches one
reference time of the plurality of reference times (S340:
YES), the length of the off period in one cycle (or each
cycle) of the emission control signal EMS may be decreased
by one off period offset corresponding to the one reference
time among the plurality of off period offsets based on the
off period offset information OPOL.

[0079] If a new frame is started (8370: YES), the OLED
display device 100 may drive the OLED display panel 110
again based on the emission control signal EMS having the
initial off period ratio (S330).

[0080] As described above, in the method of operating the
OLED display device 100 supporting the variable frame
mode according to exemplary embodiments, the time of the
current frame may be counted, and the off period ratio of the
emission control signal EMS may be decreased as the
counted time of the current frame increases. Accordingly,
the luminance deterioration and the occurrence of the flicker
caused by the increase of the frame time (or the increase of
the time of the variable blank period) in the variable frame
mode may be prevented, and the image quality of the OLED
display device 100 may be improved.

[0081] FIG. 7 is a flowchart illustrating a method of
operating an OLED display device according to exemplary
embodiments, and FIG. 8 is a timing diagram for an opera-
tion of an OLED display device performing a method of
FIG. 7.

[0082] Referring to FIG. 1, FIG. 7 and FIG. 8, in a method
of operating an OLED display device 100 supporting a
variable frame mode, a time of a current frame may be
counted (S410), and, until the counted time of the current
frame reaches a reference time (S450: NO), the OLED
display device 100 may drive an OLED display panel 110
based on an emission control signal EMS where a first off
period OFP1 and a first on period ONP1 are repeated with
a first period (S430). In some exemplary embodiments, the
reference time may correspond to a time (e.g., about 6.94
ms) of the minimum frame corresponding to the maximum
frame rate (e.g., about 144 Hz) of the variable frame mode.
In some exemplary embodiments, a length (or time) of the
first off period OFP1, a length (or time) of the first on period
ONP1, and the first period (or a length (or time) of one
cycle) may be determined based on a dimming control signal
DCS. In an example of FIG. 8, the first period (or the length
(or time) of one cycle) may correspond to a quarter of the
time (e.g., about 6.94 ms) of the minimum frame.
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[0083] When the counted time of the current frame
reaches the reference time (S450: YES), the OLED display
device 100 may drive the OLED display panel 110 based on
the emission control signal EMS where a second off period
OFP2 and a second on period ONP2 are repeated with a
second period shorter than the first period (S470). For
example, the second off period OFP2 may have a length of
about 2 H, the second on period ONP2 may have a length of
about 5 H, and the second period may have a length of about
7 H. However, the lengths may not be limited thereto. In
some exemplary embodiments, a ratio of the second off
period OFP2 to the second on period ONP2 (or to a sum of
the second on period ONP2 and the second off period OFP2)
may be substantially the same as a ratio of the first off period
OFP1 to the first on period ONP1 (or to a sum of the first on
period ONP1 and the first off period OFP1). In other
exemplary embodiments, period information PI for the
second period may be stored in a memory device 170
included in the OLED display device 100, and a controller
150 may determine the second period based on the period
information PI. If a new frame is started (S490: YES), the
OLED display device 100 may drive the OLED display
panel 110 again based on the emission control signal EMS
where the first off period OFP1 and the first on period ONP1
are repeated with the first period (S430).

[0084] As described above, after the reference time, or
after the time (e.g., about 6.94 ms) of the minimum frame,
the emission control signal EMS may have the second off
period OFP2 and the second on period ONP2 that are
repeated with the relatively short second period, and thus an
off period ratio (e.g., the ratio of the second off period OFP2
to the sum of the second on period ONP2 and the second off
period OFP2) may not be distorted even if the new frame is
started at any time point, thereby improving an image
quality in the variable frame mode.

[0085] FIG. 9 is a flowchart illustrating a method of
operating an OLED display device according to exemplary
embodiments, and FIG. 10 is a timing diagram for an
operation of an OLED display device performing a method
of FIG. 9.

[0086] Referring to FIG. 1, FIG. 9 and FIG. 10, in a
method of operating an OLED display device 100 support-
ing a variable frame mode, a controller 150 may determine
an initial off period ratio of an emission control signal EMS
in response to a dimming control signal DCS (S510), and
may count a time of a current frame (S520). Until the
counted time of the current frame reaches one (e.g., about
6.94 ms) of a plurality of reference times (5540: NO), the
OLED display device 100 may drive an OLED display panel
110 based on an emission control signal EMS having the
initial off period ratio where a first off period OFP1 and a
first on period ONP1 are repeated with a first period (S530).
In an example of FIG. 10, the first period (or the length (or
time) of one cycle) of the first off period OFP1 and the first
on period ONP1 may correspond to a quarter of the time
(e.g., about 6.94 ms) of the minimum frame, and the initial
off period ratio (or a ratio of the first off period OFP1 to a
sum of the first on period ONP1 and the first off period
OFP1) may correspond to about 10 H divided by the quarter
of the time of the minimum frame

[0087] When the counted time of the current frame
reaches one of the plurality of reference times (S450: NO),
the OLED display device 100 may drive the OLED display
panel 110 based on the emission control signal EMS having

Jun. 18, 2020

an off period ratio decreased from the initial off period ratio
where a second off period OFP2 and a second on period
ONP2 are repeated with a second period shorter than the first
period (S560). Since the emission control signal EMS has
the second off period OFP2 and the second on period ONP2
that are repeated with the relatively short second period,
even if a new frame is started at any time point (S570: YES),
the off period ratio (e.g., the ratio of the second off period
OFP2 to the sum of the second on period ONP2 and the
second off period OFP2) may not be distorted. Further, since
the off period ratio of the emission control signal EMS is
decreased from the initial off period ratio, or since a ratio of
the second off period OFP2 to the second on period ONP2
(or to a sum of the second on period ONP2 and the second
off period OFP2) may be decreased compared with a ratio of
the first off period OFP1 to the first on period ONP1 (or to
a sum of the first on period ONP1 and the first off period
OFP1), luminance deterioration and an occurrence of a
flicker caused by an increase of a frame time in the variable
frame mode may be reduced or prevented.

[0088] In some exemplary embodiments, reference time
information RTT for a plurality of reference times, off period
offset information OPOI for a plurality of off period offsets
respectively corresponding to the plurality of reference
times, and period information PI for the second period may
be stored in a memory device 170 of the OLED display
device 100. In this case, the controller 150 may compare the
counted time of the current frame with the plurality of
reference times based on the reference time information RTI
(S540), and, when the counted time of the current frame
reaches one of the plurality of reference times (S540: YES),
the length of the second off period OFP2 and the length of
the second on period ONP2 may be determined based on the
period information PI and the off period offset information
OPOL

[0089] If a new frame is not started and the current frame
continues (S570: NO), the counted time of the current frame
may be compared with the plurality of reference times
(5540), and, when the counted time of the current frame
reaches the next one of the plurality of reference times
(S540: YES), the decreased off period ratio of the emission
control signal EMS may be further decreased (S550). For
example, an off period of the emission control signal EMS
may be decreased from the second off period OFP2 to a third
off period OFP3, and an on period of the emission control
signal EMS may be increased from the second on period
ONP2 to a third on period ONP3. That is, a ratio of the third
off period OFP3 to a sum of the third on period ONP3 and
the third off period OFP3 may be further decreased com-
pared with the ratio of the second off period OFP2 to the sum
of the second on period ONP2 and the second off period
OFP2. Accordingly, the luminance deterioration caused by
the increase of the frame time in the variable frame mode
may be more accurately compensated. In some exemplary
embodiments, a third period with which the third off period
OFP3 and the third on period ONP3 are repeated may be
substantially the same as the second period with which the
second off period OFP2 and the second on period ONP2, but
the second and third periods may not be limited thereto.

[0090] If a new frame is started (S570: YES), the OLED
display device 100 may drive the OLED display panel 110
again based on the emission control signal EMS having the
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initial off period ratio where the first off period OFP1 and the
first on period ONP1 are repeated with the first period
(8530).

[0091] FIG. 11 is a block diagram illustrating an electronic
device including an OLED display device according to
exemplary embodiments.

[0092] Referring to FIG. 11, an electronic device 1100
may include a processor 1110, a memory device 1120, a
storage device 1130, an input/output (1/O) device 1140, a
power supply 1150, and an OLED display device 1160. The
electronic device 1100 may further include a plurality of
ports for communicating a video card, a sound card, a
memory card, a universal serial bus (USB) device, other
electric devices, etc.

[0093] The processor 1110 may perform various comput-
ing functions or tasks. The processor 1110 may be an
application processor (AP), a micro processor. a central
processing unit (CPU), etc. The processor 1110 may be
coupled to other components via an address bus, a control
bus, a data bus, etc. Further, in some exemplary embodi-
ments, the processor 1110 may be further coupled to an
extended bus such as a peripheral component interconnec-
tion (PCI) bus.

[0094] The memory device 1120 may store data for opera-
tions of the electronic device 1100. For example, the
memory device 1120 may include at least one non-volatile
memory device such as an erasable programmable read-only
memory (EPROM) device, an electrically erasable program-
mable read-only memory (EEPROM) device, a flash
memory device, a phase change random access memory
(PRAM) device, a resistance random access memory
(RRAM) device, a nano floating gate memory (NFGM)
device, a polymer random access memory (PoRAIVI)
device, a magnetic random access memory (MRAM) device,
a ferroelectric random access memory (FRAM) device, etc,
and/or at least one volatile memory device such as a
dynamic random access memory (DRAM) device, a static
random access memory (SRAM) device, a mobile dynamic
random access memory (mobile DRAM) device, etc.
[0095] The storage device 1130 may be a solid state drive
(SSD) device, a hard disk drive (HDD) device, a CD-ROM
device, etc. The I/O device 1140 may be an input device such
as a keyboard, a keypad, a mouse, a touch screen, etc, and
an output device such as a printer, a speaker, etc. The power
supply 1150 may supply power for operations of the elec-
tronic device 1100. The display device 1160 may be coupled
to other components through the buses or other communi-
cation links.

[0096] In some exemplary embodiments, the OLED dis-
play device 1160 may count a time of a current frame, and
may decrease an off period ratio of an emission control
signal as the counted time of the current frame increases,
thereby preventing luminance deterioration and an occur-
rence of a flicker caused by an increase of a time of a
variable blank period in a variable frame mode and improv-
ing an image quality of the OLED display device 1160. In
other exemplary embodiments, the OLED display device
1160 may decrease a period of the emission control signal
when the counted time of the current frame reaches a
reference time, thereby improving the image quality of the
OLED display device 1160.

[0097] The inventive concepts may be applied to any
OLED display device 1160 supporting the variable frame
mode, and any electronic device 1100 including the OLED
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display device 1160. For example, the inventive concepts
may be applied to a smart phone, a wearable electronic
device, a tablet computer, a mobile phone, a television (TV),
a digital TV, a 3D TV, a personal computer (PC), a home
appliance, a laptop computer, a personal digital assistant
(PDA), a portable multimedia player (PMP), a digital cam-
era, a music player, a portable game console, a navigation
device, etc.

[0098] As described above, the OLED display device and
the method of operating the OLED display device according
to exemplary embodiments may count a time of a current
frame, and may decrease an off period ratio of an emission
control signal as the counted time of the current frame
increases, thereby preventing deterioration of luminance and
occurrence of a flicker caused by an increase of a time of a
variable blank period in a variable frame mode. Accordingly,
an image quality of the OLED display device may be
improved.

[0099] Although certain exemplary embodiments and
implementations have been described herein, other embodi-
ments and modifications will be apparent from this descrip-
tion. Accordingly, the inventive concepts are not limited to
such embodiments, but rather to the broader scope of the
appended claims and various obvious modifications and
equivalent arrangements as would be apparent to a person of
ordinary skill in the art.

What is claimed is:

1. An organic light emitting diode (OLED) display device
supporting a variable frame mode, the OLED display device
comprising:

an OLED display panel;

a data driver configured to provide a data signal to the

OLED display panel;
a scan driver configured to provide a scan signal to the
OLED display panel;

an emission driver configured to provide an emission

control signal to the OLED display panel; and
a controller configured to control the data driver, the scan
driver, and the emission driver, to count a time of a
current frame, and to control the emission driver to
decrease an off period ratio of the emission control
signal as the counted time of the current frame
increases.
2. The OLED display device of claim 1, wherein the
controller is configured to control the emission driver to
gradually or stepwise decrease the off period ratio of the
emission control signal as the counted time of the current
frame increases to compensate for luminance of the OLED
display panel which is decreased as the counted time of the
current frame increases.
3. The OLED display device of claim 1, wherein the
controller is configured to:
determine an initial off period ratio of the emission control
signal in response to a dimming control signal;

control the emission driver to output the emission control
signal having the initial off period ratio until the
counted time of the current frame reaches a time of a
minimum frame corresponding to a maximum frame
rate of the variable frame mode; and

control the emission driver to output the emission control

signal having the off period ratio that is decreased from
the initial off period ratio when the counted time of the
current frame reaches the time of the minimum frame.
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4. The OLED display device of claim 3, wherein the
controller is configured to:

determine a length of a whole off period of the emission
control signal in the minimum frame in response to the
dimming control signal;

determine a number of cycles of the emission control
signal and an initial length of an off period in one cycle
of the emission control signal during the minimum
frame based on the determined length of the whole off
period; and

decrease a length of the off period in one cycle of the
emission control signal from the initial length when the
counted time of the current frame reaches the time of
the minimum frame.

5. The OLED display device of claim 1, further compris-

ing:

a memory device configured to store reference time
information for a plurality of reference times that are to
be compared with the counted time of the current
frame, and off period offset information for a plurality
of off period offsets respectively corresponding to the
plurality of reference times.

6. The OLED display device of claim 5, wherein the
controller is configured to:

compare the counted time of the current frame with the
plurality of reference times based on the reference time
information; and

when the counted time of the current frame reaches one
reference time of the plurality of reference times,
decrease a length of an off period in one cycle of the
emission control signal by one off period offset corre-
sponding to the one reference time among the plurality
of off period offsets based on the off period offset
information.

7. The OLED display device of claim 1, wherein the
controller is configured to:

control the emission driver to output the emission control
signal where a first off period and a first on period are
repeated with a first period until the counted time of the
current frame reaches a time of a minimum frame
corresponding to a maximum frame rate of the variable
frame mode; and

control the emission driver to output the emission control
signal where a second off period and a second on period
are repeated with a second period shorter than the first
period when the counted time of the current frame
reaches the time of the minimum frame.

8. The OLED display device of claim 7, wherein a ratio
of the second off period to the second on period is decreased
compared with a ratio of the first off period to the first on
period.

9. A method of operating an organic light emitting diode
(OLED) display device supporting a variable frame mode,
the method comprising:

determining an initial off period ratio of an emission
control signal in response to a dimming control signal;

counting a time of a current frame;

driving an OLED display panel of the OLED display
device based on the emission control signal having the
initial off period ratio until the counted time of the
current frame reaches a first reference time;
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decreasing an off period ratio of the emission control
signal from the initial off period ratio when the counted
time of the current frame reaches the first reference
time; and

driving the OLED display panel based on the emission

control signal having the decreased off period ratio
when the counted time of the current frame reaches the
first reference time.
10. The method of claim 9, wherein determining the initial
off period ratio of the emission control signal in response to
the dimming control signal includes:
determining a length of a whole off period of the emission
control signal in a minimum frame corresponding to a
maximum frame rate of the variable frame mode in
response to the dimming control signal; and

determining a number of cycles of the emission control
signal and an initial length of an off period in one cycle
of the emission control signal during the minimum
frame based on the determined length of the whole off
period.

11. The method of claim 10, wherein decreasing the off
period ratio of the emission control signal from the initial off
period ratio includes:

decreasing a length of the off period in one cycle of the

emission control signal from the initial length.

12. The method of claim 9, wherein the first reference
time corresponds to a time of a minimum frame correspond-
ing to a maximum frame rate of the variable frame mode.

13. The method of claim 9, further comprising:

comparing the counted time of the current frame with a

second reference time longer than the first reference
time; and

further decreasing the decreased off period ratio of the

emission control signal when the counted time of the
current frame reaches the second reference time.

14. The method of claim 9, further comprising:

storing reference time information for a plurality of

reference times including the first reference time, and
off period offset information for a plurality of off period
offsets respectively corresponding to the plurality of
reference times;

comparing the counted time of the current frame with the

plurality of reference times based on the reference time
information; and

when the counted time of the current frame reaches one

reference time of the plurality of reference times,
decreasing a length of an off period in one cycle of the
emission control signal by one off period offset corre-
sponding to the one reference time among the plurality
of off period offsets based on the off period offset
information.

15. A method of operating an organic light emitting diode
(OLED) display device supporting a variable frame mode,
the method comprising:

counting a time of a current frame;

driving an OLED display panel of the OLED display

device based on an emission control signal where a first
off period and a first on period are repeated with a first
period until the counted time of the current frame
reaches a first reference time; and

driving the OLED display panel of the OLED display

device based on the emission control signal where a
second off period and a second on period are repeated
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with a second period shorter than the first period when
the counted time of the current frame reaches the first
reference time.

16. The method of claim 15, wherein the first reference
time corresponds to a time of a minimum frame correspond-
ing to a maximum frame rate of the variable frame mode.

17. The method of claim 15, wherein a ratio of the second
off period to the second on period is a same as a ratio of the
first off period to the first on period.

18. The method of claim 15, wherein period information
for the second period is stored in a memory device included
in the OLED display device.

19. The method of claim 15, wherein a ratio of the second
off period to the second on period is decreased compared
with a ratio of the first off period to the first on period.

20. The method of claim 15, further comprising:

storing reference time information for a plurality of

reference times including the first reference time, and
off period offset information for a plurality of off period
offsets respectively corresponding to the plurality of
reference times;

comparing the counted time of the current frame with the

plurality of reference times based on the reference time
information; and

when the counted time of the current frame reaches one

reference time of the plurality of reference times,
decreasing a length of the second off period in one
cycle of the emission control signal by one off period
offset corresponding to the one reference time among
the plurality of off period offsets based on the off period
offset information.
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