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7) ABSTRACT

An organic light emitting display device comprising: a
source device configured to output image data; and a sink
device configured to perform a displaying operation based
on the image data, wherein the source device is configured
to change a frame rate of an image frame composing the
image data while the displaying operation is performed,
wherein the sink device is configured to change a frame rate
of a panel driving frame for the displaying operation as the
frame rate of the image frame is changed, and wherein the
source device is configured to change the frame rate of the
image frame while satisfying a condition in which an
emission duty ratio of the panel driving frame is not
changed.
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FIG. 6
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ORGANIC LIGHT EMITTING DISPLAY
DEVICE AND METHOD OF OPERATING
THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2017-0064245, filed
on May 24, 2017 in the Korean Intellectual Property Office
(KIPO), the content of which is incorporated herein in its
entirety by reference.

BACKGROUND

1. Field

[0002] Aspects of some example embodiments relate gen-
erally to a display device.

2. Description of the Related Art

[0003] Generally, a display device includes a source
device and a sink device. Here, the source device (e.g.,
graphic processing unit (GPU)) transmits image data to the
sink device, and the sink device performs a displaying
operation based on the image data transmitted from the
source device. A related art display device may change a
frame rate of an image frame composing the image data (or,
a time (or, length) of the image frame) in real time according
to characteristics of images that are displayed while the
displaying operation is performed. For example, the source
device may increase the frame rate of the image frame
transmitted to the sink device (e.g., decreases the time of the
image frame) when a change of the images displayed by the
displaying operation is relatively fast. On the other hand, the
source device may decrease the frame rate of the image
frame transmitted to the sink device (e.g., increases the time
of the image frame) when a change of the images displayed
by the displaying operation is relatively slow. Here, if a
frame rate of a panel driving frame for the displaying
operation is not changed, the frame rate of the image frame
may not be consistent with the frame rate of the panel
driving frame, so that a phenomenon such as a tearing, a
stuttering, etc. may occur in images that the sink device
displays. Thus, a synchronization technology that changes
the frame rate of the panel driving frame as the frame rate
of the image frame is changed and synchronizes a driving
timing of the panel driving frame with a transmitting timing
of the image frame may be utilized. However, it may be
difficult to apply related art synchronization technology to
an organic light emitting display device that employs an
impulse driving method by which a self-luminous element
(e.g., an organic light emitting diode, etc.) emits light in
response to an emission on-off clock. For example, if related
art synchronization technology is applied to the organic light
emitting display device that employs the impulse driving
method, an emission duty ratio may differ for each panel
driving frame, so that a flicker that a user (or, viewer) can
perceive may occur.

[0004] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the invention and therefore it may contain
information that does not form prior art.
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SUMMARY

[0005] Aspects of some example embodiments relate gen-
erally to a display device. Some example embodiments of
the present invention relate to an organic light emitting
display device that employs an impulse driving method and
a method of operating the organic light emitting display
device.

[0006] Some example embodiments include an organic
light emitting display device capable of preventing or reduc-
ing a flicker that a viewer can perceive from occurring by
maintaining an emission duty ratio to be constant for each
panel driving frame when a frame rate of a panel driving
frame is changed as a frame rate of an image frame (or, a
time of the image frame) is changed and when a driving
timing of the panel driving frame is synchronized with a
transmitting timing of the image frame.

[0007] According to some example embodiments, an
organic light emitting display device may include a source
device configured to output image data and a sink device
configured to perform a displaying operation based on the
image data. The source device may change a frame rate of
an image frame composing the image data while the dis-
playing operation is performed. The sink device may change
a frame rate of a panel driving frame for the displaying
operation as the frame rate of the image frame is changed.
Here, the source device may change the frame rate of the
image frame while satisfying a condition in which an
emission duty ratio of the panel driving frame is not
changed.

[0008] In some example embodiments, the sink device
may include a pixel circuit that includes an organic light
emitting diode. In addition, the organic light emitting diode
may emit light in response to an emission on-off clock.
[0009] In some example embodiments, one clock cycle
time of the emission on-off clock may not be changed when
the frame rate of the image frame and the frame rate of the
panel driving frame are changed.

[0010] In some example embodiments, the source device
may change the frame rate of the image frame to control a
time of the image frame to be equal to or longer than the one
clock cycle time of the emission on-off clock.

[0011] In some example embodiments, the source device
may change the frame rate of the image frame to control the
time of the image frame to be an integer multiple of the one
clock cycle time of the emission on-off clock.

[0012] In some example embodiments, the sink device
may increase the frame rate of the panel driving frame as the
source device increases the frame rate of the image frame.

[0013] In some example embodiments, the sink device
may decrease the frame rate of the panel driving frame as the
source device decreases the frame rate of the image frame.
[0014] In some example embodiments, the sink device
may change the frame rate of the panel driving frame to be
equal to the frame rate of the image frame.

[0015] In some example embodiments, the source device
may change the frame rate of the image frame according to
characteristics of images that are displayed by the displaying
operation.

[0016] In some example embodiments, the source device
may increase the frame rate of the image frame when a
change of the images is faster than a predetermined refer-
ence speed.
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[0017] In some example embodiments, the source device
may decrease the frame rate of the image frame when a
change of the images is slower than a predetermined refer-
ence speed.

[0018] According to some example embodiments, an
organic light emitting display device may include a source
device configured to output image data and a sink device
configured to perform a displaying operation based on the
image data. The source device may change a frame rate of
an image frame composing the image data while the dis-
playing operation is performed. The sink device may change
a frame rate of a panel driving frame for the displaying
operation as the frame rate of the image frame is changed.
Here, the source device changes the frame rate of the image
frame using Equation 1:

1

F=—
AXK’

[0019] where F denotes the frame rate of the image frame,
A denotes one clock cycle time of an emission on-off clock,
and K is an integer greater than or equal to 1.

[0020] In some example embodiments, the source device
may change the frame rate of the image frame by selecting
one of a plurality of candidate frame rates of the image
frame that are calculated by the [Equation 1] as the frame
rate of the image frame.

[0021] In some example embodiments, the sink device
may include a pixel circuit that includes an organic light
emitting diode. In addition, the organic light emitting diode
may emit light in response to the emission on-off clock.
Furthermore, the one clock cycle time of the emission on-off
clock may not be changed when the frame rate of the image
frame and the frame rate of the panel driving frame are
changed.

[0022] In some example embodiments, the sink device
may increase the frame rate of the panel driving frame as the
source device increases the frame rate of the image frame.
[0023] In some example embodiments, the sink device
may decrease the frame rate of the panel driving frame as the
source device decreases the frame rate of the image frame.
[0024] In some example embodiments, the sink device
may change the frame rate of the panel driving frame to be
equal to the frame rate of the image frame.

[0025] In some example embodiments, the source device
may change the frame rate of the image frame according to
characteristics of images that are displayed by the displaying
operation.

[0026] In some example embodiments, the source device
may increase the frame rate of the image frame when a
change of the images is faster than a predetermined refer-
ence speed.

[0027] In some example embodiments, the source device
may decrease the frame rate of the image frame when a
change of the images is slower than a predetermined refer-
ence speed.

[0028] Therefore, an organic light emitting display device
according to some example embodiments, where the organic
light emitting display device employs an impulse driving
method by which an organic light emitting diode included in
a pixel circuit emits light in response to an emission on-off
clock, may change a frame rate of an image frame compos-
ing image data (or, a time of the image frame) while
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satisfying a condition in which an emission duty ratio of a
panel driving frame is not changed when the organic light
emitting display device changes the frame rate of the image
frame during a displaying operation by which images are
displayed. Thus, the organic light emitting display device
may prevent or reduce a flicker that a viewer can perceive
from occurring by maintaining an emission duty ratio to be
constant for each panel driving frame when a frame rate of
the panel driving frame is changed as the frame rate of the
image frame is changed and when a driving timing of the
panel driving frame is synchronized with a transmitting
timing of the image frame.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] Illustrative, non-limiting example embodiments
will be more clearly understood from the following detailed
description in conjunction with the accompanying drawings.
[0030] FIG. 1 is a block diagram illustrating an organic
light emitting display device according to some example
embodiments.

[0031] FIG. 2 is a circuit diagram illustrating an example
of a pixel circuit included in the organic light emitting
display device of FIG. 1.

[0032] FIG. 3 is a timing diagram for describing that the
organic light emitting display device of FIG. 1 is driven by
an impulse driving method.

[0033] FIG. 4 is a timing diagram for describing that an
emission duty ratio is changed for each panel driving frame
in an organic light emitting display device to which a related
art synchronization technology is applied.

[0034] FIG. 5 is a timing diagram for describing that an
emission duty ratio is maintained to be constant for each
panel driving frame in the organic light emitting display
device of FIG. 1.

[0035] FIG. 6 is a flow chart illustrating a method of
operating an organic light emitting display device according
to some example embodiments.

[0036] FIG. 7 is a diagram for describing the method of
FIG. 6.
[0037] FIG. 8 is a flow chart illustrating an example in

which a frame rate of an image frame is changed by the
method of FIG. 6.

[0038] FIG. 9 is a block diagram illustrating an electronic
device according to some example embodiments.

[0039] FIG. 10 is a diagram illustrating an example in
which the electronic device of FIG. 9 is implemented as a
smart phone.

DETAILED DESCRIPTION

[0040] Hereinafter, aspects of some example embodi-
ments of the present invention will be explained in more
detail with reference to the accompanying drawings.
[0041] FIG. 1 is a block diagram illustrating an organic
light emitting display device according to some example
embodiments. FIG. 2 is a circuit diagram illustrating an
example of a pixel circuit included in the organic light
emitting display device of FIG. 1. FIG. 3 is a timing diagram
for describing that the organic light emitting display device
of FIG. 1 is driven by an impulse driving method.

[0042] Referring to FIGS. 1 to 3, the organic light emitting
display device 100 may include a source device 120 and a
sink device 140. Here, the source device 120 and the sink
device 140 may perform data communication using a spe-
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cific interface. For example, the source device 120 may
transmit image data IMG-DAT to the sink device 140 using
an embedded display port (eDP) interface. However, an
interface between the source device 120 and the sink device
140 is not limited thereto.

[0043] The organic light emitting display device 100 may
employ an impulse driving method by which an organic light
emitting diode OLED included in a pixel circuit 146 emits
light in response to an emission on-off clock EM. For
example, as illustrated in FIG. 2, the pixel circuit 146
included in the organic light emitting display device 100
may include a driving transistor TR1, a switching transistor
TR2, an emission control transistor TR3, a storage capacitor
CST, and the organic light emitting diode OLED. The
driving transistor TR1 may be connected between a high
power voltage ELVDD and the emission control transistor
TR3. The switching transistor TR2 may be connected
between a data line and a driving node ND. The emission
control transistor TR3 may be connected between the driv-
ing transistor TR1 and the organic light emitting diode
OLED. The storage capacitor CST may be connected
between the high power voltage ELVDD and the driving
node ND. The organic light emitting diode OLED may be
connected between the emission control transistor TR3 and
a low power voltage ELVSS. A data voltage DATA corre-
sponding to the image data IMG-DAT may be stored in the
storage capacitor CST when the switching transistor TR2 is
turned on in response to a scan signal SCAN. A current may
flow through the organic light emitting diode OLED when
the emission control transistor TR3 is turned on in response
to the emission on-off clock EM. Thus, the pixel circuit 146
(e.g., the organic light emitting diode OLED) may emit light
based on the current. Here, the current may be adjusted by
the driving transistor TR1 based on the data voltage DATA
stored in the storage capacitor CST. However, because the
above structure of the pixel circuit 146 is an example, it
should be understood that the pixel circuit 146 of the organic
light emitting display device 100 is not limited thereto.

[0044] As illustrated in FIG. 3, the organic light emitting
display device 100 may control the pixel circuit 146 to emit
light one or more times using the emission on-off clock EM
during one panel driving frame (e.g., indicated by
1IFRAME) that is defined by a vertical synchronization
signal VSYNC. The emission control transistor TR3 of the
pixel circuit 146 may be turned on in an on-period ON of the
emission on-off clock EM, and thus the pixel circuit 146
may emit light. The emission control transistor TR3 of the
pixel circuit 146 may be turned off in an off-period OFF of
the emission on-off clock EM, and thus the pixel circuit 146
may not emit light. Thus, from a first case CASE1 to a fourth
case CASEA4, the number of times the pixel circuit 146 emits
light during one panel driving frame may increase because
the number of the on-periods ON of the emission on-off
clock EM belonging to the panel driving frame increases.
However, from the first case CASE1 to the fourth case
CASE4, one emission duration time during which the pixel
circuit 146 emits light may decrease in one panel driving
frame because a length (e.g., time) of respective on-periods
ON of the emission on-off clock EM belonging to the panel
driving frame decreases. Nevertheless, because a total length
of the on-periods ON belonging to one panel driving frame
is the same in all cases CASE1 through CASE4, luminance
of the pixel circuit 146 may be the same in all cases CASE1
through CASE4 when the same data voltage DATA is
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applied to the pixel circuit 146. In FIG. 3, one panel driving
frame is illustrated with respect to one horizontal line of the
display panel 144 included in the sink device 140. In other
words, because each of the scan signal SCAN and the
emission on-off' clock EM is sequentially applied to the
horizontal lines (e.g., the scan lines or the emission control
lines) of the display panel 144, it should be understood that
one panel driving frame is sequentially shifted for each of
the horizontal lines of the display panel 144.

[0045] The source device 120 may output the image data
IMG-DAT input from an external component to the sink
device 140. For this operation, the source device 120 may
include a graphic processing unit 122. The graphic process-
ing unit 122 may perform a specific processing on the image
data IMG-DAT. Recently, a display device changes a frame
rate of the image frame composing the image data IMG-
DAT according to characteristics of images that are dis-
played while a displaying operation is performed. Here,
when a frame rate of the panel driving frame is not changed,
the frame rate of the image frame may not be consistent with
the frame rate of the panel driving frame, so that a phenom-
enon such as a tearing, a stuttering, etc. may occur in the
images that the sink device 140 displays. Thus, the organic
light emitting display device 100 may change the frame rate
of the panel driving frame as the frame rate of the image
frame is changed and may synchronize a driving timing of
the panel driving frame with a transmitting timing of the
image frame while controlling the organic light emitting
diode OLED of the pixel circuit 146 to emit light in response
to the emission on-off clock EM (e.g., employing the
impulse driving method). For example, the source device
120 may change the frame rate of the image frame com-
posing the image data IMG-DAT in real time when the
displaying operation is performed. Here, the source device
120 may change the frame rate of the image frame while
satisfying a condition in which an emission duty ratio of the
panel driving frame is not changed. In some example
embodiments, the source device 120 may change the frame
rate of the image frame according to characteristics of the
images displayed by the displaying operation. For example,
the source device 120 may increase the frame rate of the
image frame when a change of the images displayed by the
displaying operation is faster than a predetermined reference
speed (e.g., a fast-moving video, etc.). On the other hand, the
source device 120 may decrease the frame rate of the image
frame when a change of the images displayed by the
displaying operation is slower than a predetermined refer-
ence speed (e.g., a slow-moving video, etc.). Although it is
illustrated in FIG. 1 that the source device 120 includes only
the graphic processing unit 122, it should be understood that
the source device 120 can further include other components
(e.g., a processor, a frame buffer memory, a transmitting
circuit, etc.).

[0046] In some example embodiments, the source device
120 may change the frame rate of the image frame using
[Equation 1]:

[0047] where F denotes the frame rate of the image frame,
where the unit of F is hertz (Hz), A denotes one clock cycle
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time of the emission on-off clock EM, where the unit of A
is second (sec), and K is an integer greater than or equal to
1.

[0048] As shown in the [Equation 1], the frame rate of the
image frame may be calculated as an inverse number of a
value generated by multiplying one clock cycle time A of the
emission on-off clock EM by the integer K. Here, because
the frame rate of the image frame is inversely proportional
to a time of the image frame, according to the [Equation 1],
the time of the image frame may be proportional to the value
generated by multiplying one clock cycle time A by the
integer K. In other words, the frame rate of the image frame
is changed to control the time of the image frame to be equal
to or longer than one clock cycle time A of the emission
on-off clock EM. For example, the frame rate of the image
frame may be changed to control the time of the image frame
to be an integer multiple of one clock cycle time A of the
emission on-off clock EM. As described above, because the
source device 120 changes the frame rate of the image frame
using the [Equation 1], the source device 120 may change
the frame rate of the image frame while satisfving the
condition in which the emission duty ratio of the panel
driving frame is not changed. In some example embodi-
ments, when the source device 120 changes the frame rate
of the image frame in real time while the displaying opera-
tion is performed, the source device 120 may calculate
candidate frame rates of the image frame using the [Equa-
tion 1] and may select one of the candidate frame rates of the
image frame as the frame rate of the image frame. In this
manner, the source device 120 may change the frame rate of
the image frame while satisfying the condition in which the
emission duty ratio of the panel driving frame is not
changed.

[0049] The sink device 140 may perform the displaying
operation based on the image data IMG-DAT output from
the source device 120. For this operation, the sink device
140 may include a display panel driving circuit 142 and the
display panel 144. As described above, the display panel 144
may include a plurality of pixel circuits 146, and each of the
pixel circuits 146 may include the organic light emitting
diode OLED. The display panel driving circuit 142 may
receive the image data IMG-DAT output from the source
device 120 and may display the images on the display panel
144 based on the image data IMG-DAT. The display panel
driving circuit 142 may include a scan driver that provides
the scan signal SCAN to the display panel 144, a data driver
that provides a data signal (e.g., the data voltage DATA) to
the display panel 144, a timing controller that controls the
scan driver and the data driver, etc. However, components
included in the display panel driving circuit 142 are not
limited thereto. Meanwhile, the sink device 140 may change
the frame rate of the panel driving frame as the frame rate
of the image frame is changed. For example, the sink device
140 may increase the frame rate of the panel driving frame
as the source device 120 increases the frame rate of the
image frame. On the other hand, the sink device 140 may
decrease the frame rate of the panel driving frame as the
source device 120 decreases the frame rate of the image
frame. In some example embodiments, the sink device 140
may change the frame rate of the panel driving frame to have
the same value as the frame rate of the image frame.
Although it is illustrated in FIG. 1 that the sink device 140
includes the display panel driving circuit 142 and the display
panel 144, it should be understood that the sink device 140
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can further include other components (e.g., a processor, a
frame buffer memory, a receiving circuit, etc.).

[0050] As described above, because the frame rate (e.g.,
Hz) of the image frame is inversely proportional to the time
(e.g., sec) of the image frame, the time of the image frame
may be decreased as the frame rate of the image frame is
increased, and the time of the image frame may be increased
as the frame rate of the image frame is decreased. Similarly,
because the frame rate of the panel driving frame is inversely
proportional to the time of the panel driving frame, the time
of the panel driving frame may be decreased as the frame
rate of the panel driving frame is increased, and the time of
the panel driving frame may be increased as the frame rate
of the panel driving frame is decreased. Although the frame
rate of the panel driving frame (or, the time of the panel
driving frame) is changed as the frame rate of the image
frame (or, the time of the image frame) is changed, the
organic light emitting display device 100 may not change
one clock cycle time of the emission on-off clock EM. In
other words, one clock cycle time of the emission on-off
clock EM may be maintained to be constant, regardless of
the frame rate of the image frame and the frame rate of the
panel driving frame. Nevertheless, the organic light emitting
display device 100 may maintain the emission duty ratio of
the panel driving frame to be constant. To this end, the
source device 120 may change the frame rate of the image
frame to control the time of the image frame to be equal to
or longer than one clock cycle time of the emission on-off
clock EM. In some example embodiments, the source device
120 may change the frame rate of the image frame to control
the time of the image frame to be an integer multiple of one
clock cycle time of the emission on-off clock EM. Thus, the
number of clock cycles belonging to the panel driving frame
may be proportionally decreased when the time of the panel
driving frame is decreased as the frame rate of the panel
driving frame is increased (e.g., when the frame rate of the
panel driving frame is increased as the frame rate of the
image frame is increased). As a result, the emission duty
ratio of the panel driving frame may be maintained to be
constant. Similarly, the number of clock cycles belonging to
the panel driving frame may be proportionally increased
when the time of the panel driving frame is increased as the
frame rate of the panel driving frame is decreased (e.g.,
when the frame rate of the panel driving frame is decreased
as the frame rate of the image frame is decreased). As a
result, the emission duty ratio of the panel driving frame
may be maintained to be constant.

[0051] In brief, the organic light emitting display device
100 may employ the impulse driving method by which the
organic light emitting diode OLED included in the pixel
circuit 146 emits light in response to the emission on-off
clock EM. Here, the organic light emitting display device
100 may change the frame rate of the image frame com-
posing the image data IMG-DAT (or, the time of the image
frame) while satisfying the condition in which the emission
duty ratio of the panel driving frame is not changed when the
organic light emitting display device 100 changes the frame
rate of the image frame during the displaying operation by
which the images are displayed. Thus, the organic light
emitting display device 100 may prevent or reduce a flicker
that a viewer can perceive from occurring by maintaining
the emission duty ratio to be constant for each panel driving
frame when the frame rate of the panel driving frame is
changed as the frame rate of the image frame is changed and
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when the driving timing of the panel driving frame is
synchronized with the transmitting timing of the image
frame. As a result, the organic light emitting display device
100 may provide a high-quality image to the viewer.
[0052] FIG. 4 is a timing diagram for describing that an
emission duty ratio is changed for each panel driving frame
in an organic light emitting display device to which a related
art synchronization technology is applied. FIG. 5 is a timing
diagram for describing that an emission duty ratio is main-
tained to be constant for each panel driving frame in the
organic light emitting display device of FIG. 1.

[0053] Referring to FIGS. 4 and 5, the sink device 140
may change a frame rate of a panel driving frame for a
displaying operation as the source device 120 changes a
frame rate of an image frame FF, SF, TF, and FOF compos-
ing image data IMG-DAT while the displaying operation is
performed.

[0054] For example, as illustrated in FIG. 4, the organic
light emitting display device to which the related art syn-
chronization technology is applied may arbitrarily change
the frame rate of the image frame FF, SF, TF, and FOF
composing the image data IMG-DAT and may synchronize
a driving timing of the panel driving frame with a transmit-
ting timing of the image frame FF, SF, TF, and FOF. Thus,
an emission duty ratio for each panel driving frame syn-
chronized with each image frame FF, SF, TF, and FOF may
be changed in the organic light emitting display device to
which the related art synchronization technology. For
example, as illustrated in FIG. 4, when the first image frame
FF has a frame rate of the reference image frame, the second
image frame SF may have a frame rate that is greater than
the frame rate of the first image frame FF as the frame rate
of the image frame FF, SF, TF, and FOF composing the
image data IMG-DAT is changed. Thus, the last clock cycle
of the emission on-off clock EM belonging to the second
image frame SF may be increased (or, lengthened) (e.g.,
indicated by PA), so that the flicker that the viewer can
perceive may occur because the emission duty ratio of the
second image frame SF is changed. In addition, the third
image frame TF may have a frame rate that is smaller than
the frame rate of the second image frame SF as the frame
rate of the image frame FF, SF, TF, and FOF composing the
image data IMG-DAT is changed. Thus, the last clock cycle
of the emission on-off clock EM belonging to the third
image frame TF may be decreased (or, shortened) (e.g.,
indicated by PB), so that the flicker that the viewer can
perceive may occur because the emission duty ratio of the
third image frame TF is changed. Furthermore, the fourth
image frame FOF may have a frame rate that is smaller than
the frame rate of the third image frame TF as the frame rate
of the image frame FF, SF, TF, and FOF composing the
image data IMG-DAT is changed. Thus, the last clock cycle
of the emission on-off clock EM belonging to the fourth
image frame FOF may be increased (e.g., indicated by PC),
so that the flicker that the viewer can perceive may occur
because the emission duty ratio of the fourth image frame
FOF is changed.

[0055] On the other hand, as illustrated in FIG. 5, the
organic light emitting display device 100 may change the
frame rate of the image frame FF, SF, TF, and FOF com-
posing the image data IMG-DAT to control the time of the
image frame FF, SF, TF, and FOF to be an integer multiple
of one clock cycle time of the emission on-off clock EM.
Thus, although the driving timing of the panel driving frame
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is synchronized with the transmitting timing of the image
frame FF, SF, TF, and FOF, the emission duty ratio of each
panel driving frame synchronized with each image frame FF,
SF, TF, and FOF may be maintained to be constant (e.g., may
not be changed). For example, as illustrated in FIG. 5, when
the first image frame FF has a frame rate of the reference
image frame (e.g., 1/(4xA)), the second image frame SF may
have a frame rate (e.g., 1/(2xA)) that is greater than the
frame rate of the first image frame FF as the frame rate of
the image frame FF, SF, TF, and FOF composing the image
data IMG-DAT is changed. Here, because the frame rate of
the image frame FF, SF, TF, and FOF composing the image
data IMG-DAT is changed while satisfying the condition in
which the emission duty ratio of the panel driving frame is
not changed (e.g., the frame rate of the image frame FF, SF,
TF, and FOF is changed to control the time of the image
frame FF, SF, TF, and FOF to be an integer multiple of one
clock cycle time of the emission on-off clock EM), the last
clock cycle of the emission on-off clock EM belonging to the
second image frame SF may not be changed, so that the
emission duty ratio of the second image frame SF may be
maintained to be constant. Thus, the flicker that the viewer
can perceive may not occur. In addition, the third image
frame TF may have a frame rate (e.g., 1/(3xA)) that is
smaller than the frame rate of the second image frame SF as
the frame rate of the image frame FF, SF, TE, and FOF
composing the image data IMG-DAT is changed. Here,
because the frame rate of the image frame FF, SF, TF, and
FOF composing the image data IMG-DAT is changed while
satisfying the condition in which the emission duty ratio of
the panel driving frame is not changed, the last clock cycle
of the emission on-off clock EM belonging to the third
image frame TF may not be changed, so that the emission
duty ratio of the third image frame TF may be maintained to
be constant. Thus, the flicker that the viewer can perceive
may not occur.

[0056] Furthermore, the fourth image frame FOF may
have a frame rate (e.g., 1/(5xA)) that is smaller than the
frame rate of the third image frame TF as the frame rate of
the image frame FF, SF, TF, and FOF composing the image
data IMG-DAT is changed. Here, because the frame rate of
the image frame FF, SF, TF, and FOF composing the image
data IMG-DAT is changed while satisfying the condition in
which the emission duty ratio of the panel driving frame is
not changed, the last clock cycle of the emission on-off clock
EM belonging to the fourth image frame FOF may not be
changed, so that the emission duty ratio of the fourth image
frame FOF may be maintained to be constant. Thus, the
flicker that the viewer can perceive may not occur. In brief,
the organic light emitting display device 100 may change the
frame rate of the image frame FF, SF, TF, and FOF com-
posing the image data IMG-DAT (or, the time of the image
frame FF, SF, TF, and FOF) while satisfying the condition in
which the emission duty ratio of the panel driving frame is
not changed. Thus, the organic light emitting display device
100 may prevent or reduce the flicker that the viewer can
perceive from occurring by maintaining the emission duty
ratio to be constant for each panel driving frame when the
frame rate of the panel driving frame is changed as the frame
rate of the image frame FF, SF, TF, and FOF is changed and
when the driving timing of the panel driving frame is
synchronized with the transmitting timing of the image
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frame FF, SF, TF, and FOF. As a result, the organic light
emitting display device 100 may provide a high-quality
image to the viewer.

[0057] FIG. 6 is a flow chart illustrating a method of
operating an organic light emitting display device according
to some example embodiments. FIG. 7 is a diagram for
describing the method of FIG. 6. FIG. 8 is a flow chart
illustrating an example in which a frame rate of an image
frame is changed by the method of FIG. 6.

[0058] Referring to FIGS. 6 to 8, the method of FIG. 6
may be applied to an organic light emitting display device
that employs an impulse driving method by which an
organic light emitting diode included in a pixel circuit emits
light in response to an emission on-off clock. For example,
the method of FIG. 6 may change a frame rate of an image
frame 1F(n), IF(n+1), and [F(n+2) composing image data,
where n is an integer greater than or equal to 1, while a
displaying operation is performed (S120), may change a
frame rate of a panel driving frame PDF(n), PDF(n+1), and
PDF(n+2) for the displaying operation (S140) as the frame
rate of the image frame IF(n), [F(n+1), and IF(n+2) com-
posing the image data is changed, and may apply the
emission on-off clock to the panel driving frame PDF(n),
PDF(n+1), and PDF(n+2) for the displaying operation to
display images corresponding to the image data (S160). As
illustrated in FIG. 7, the method of FIG. 6 may change the
frame rate of the panel driving frame PDF(n), PDF(n+1),
and PDF(n+2) while changing the frame rate of the image
frame TF(n), IF(n+1), and IF(n+2) and may synchronize a
driving timing of the panel driving frame PDF(n), PDF(n+
1), and PDF(n+2) with a transmitting timing of the image
frame IF(n), IF(n+1), and IF(n+2) (e.g., indicated by AS).
Here, the method of FIG. 6 may change the frame rate of the
image frame IF(n), IF(n+1), and IF(n+2) while satisfying the
condition in which the emission duty ratio of the panel
driving frame PDF(n), PDF(n+1), and PDF(n+2) is not
changed. Thus, the method of FIG. 6 may prevent or reduce
a flicker that a viewer can perceive from occurring by
maintaining the emission duty ratio to be constant for each
panel driving frame PDF(n), PDF(n+1), and PDF(n+2) when
the frame rate of the panel driving frame PDF(n), PDF(n+1),
and PDF(n+2) is changed as the frame rate of the image
frame IF(n), [F(n+1), and IF(n+2) is changed and when the
driving timing of the panel driving frame PDF(n), PDF(n+
1), and PDF(n+2) is synchronized with the transmitting
timing of the image frame IF(n), IF(n+1), and IF(n+2) (e.g,,
indicated by AS).

[0059] In some example embodiments, one clock cycle
time of the emission on-off clock may not be changed
although the frame rate of the panel driving frame PDF(n),
PDF(n+1), and PDF(n+2) is changed as the frame rate of the
image frame IF(n), IF(n+1), and IF(n-2) is changed. In some
example embodiments, the method of FIG. 6 may change
the frame rate of the image frame IF(n), IF(n+1), and
IF(n+2) to control the time of the image frame IF(n),
IF(n+1), and IF(n+2) to be equal to or longer than one clock
cycle time of the emission on-off clock EM. Here, the
method of FIG. 6 may change the frame rate of the image
frame IF(n), [F(n+1), and IF(n+2) to control the time of the
image frame IF(n), IF(n+1), and [F(n+2) to be an integer
multiple of one clock cycle time of the emission on-off clock
EM. In some example embodiments, the method of FIG. 6
may change the frame rate of the image frame IF(n),
IF(n+1), and IF(n+2) using the [Equation 1] to satisfy the
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condition in which the emission duty ratio of the panel
driving frame PDF(n), PDF(n+1), and PDF(n+2) is not
changed. For example, as illustrated in FIG. 8, the method
of FIG. 6 may change the frame rate of the image frame
TF(n), IF(n+1), and IF(n+2) by determining a reference
frame rate of the image frame IF(n), I[F(n+1), and IF(n+2)
(5210), by calculating candidate frame rates of the image
frame IF(n), IF(n+1), and IF(n+2) using the [Equation 1]
(5220), and by selecting one of the candidate frame rates of
the image frame IF(n), IF(n+1), and IF(n+2) as the frame
rate of the image frame IF(n), IF(n+1), and IF(n+2) (S230).
In some example embodiments, the method of FIG. 6 may
increase the frame rate of the panel driving frame PDF(n),
PDF(n+1), and PDF(n+2) as the frame rate of the image
frame IF(n), IF(n+1), and IF(n+2) is increased and may
decrease the frame rate of the panel driving frame PDF(n),
PDF(n+1), and PDF(n+2) as the frame rate of the image
frame IF(n), IF(n+1), and IF(n+2) is decreased. In some
example embodiments, the method of FIG. 6 may change
the frame rate of the panel driving frame PDF(n), PDF(n+1),
and PDF(n+2) to be equal to the frame rate of the image
frame IF(n), IF(n+1), and IF(n+2). As described above, the
method of FIG. 6 may allow the organic light emitting
display device, where the organic light emitting display
device employs the impulse driving method by which the
organic light emitting diode included in the pixel circuit
emits light in response to the emission on-off clock, to
provide a high-quality image to the viewer.

[0060] FIG. 9 is a block diagram illustrating an electronic
device according to some example embodiments. FIG. 10 is
a diagram illustrating an example in which the electronic
device of FIG. 9 is implemented as a smart phone.

[0061] Referring to FIGS. 9 and 10, the electronic device
500 may include a processor 510, a memory device 520, a
storage device 530, an input/output (I/0) device 540, a
power supply 550, and an organic light emitting display
device 560. Here, the organic light emitting display device
560 may be the organic light emitting display device 100 of
FIG. 1. In addition, the electronic device 500 may further
include a plurality of ports for communicating with a video
card, a sound card, a memory card, a universal serial bus
(USB) device, other electronic devices, etc. In some
example embodiments, as illustrated in FIG. 10, the elec-
tronic device 500 may be implemented as a smart phone.
However, the electronic device 500 is not limited thereto.
For example, the electronic device 500 may be implemented
as a cellular phone, a video phone, a smart pad, a smart
watch, a tablet PC, a car navigation system, a television, a
computer monitor, a laptop, a head mounted display (HMD)
device, etc.

[0062] The processor 510 may perform various computing
functions. The processor 510 may be a microprocessor, a
central processing unit (CPU), an application processor
(AP), etc. The processor 510 may be coupled to other
components via an address bus, a control bus, a data bus, etc.
Further, the processor 510 may be coupled to an extended
bus such as a peripheral component interconnection (PCI)
bus. The memory device 520 may store data for operations
of the electronic device 500. For example, the memory
device 520 may include at least one non-volatile memory
device such as an erasable programmable read-only memory
(EPROM) device, an electrically erasable programmable
read-only memory (EEPROM) device, a flash memory
device, a phase change random access memory (PRAM)
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device, a resistance random access memory (RRAM)
device, a nano floating gate memory (NFGM) device, a
polymer random access memory (PoORAM) device, a mag-
netic random access memory (MRAM) device, a ferroelec-
tric random access memory (FRAM) device, etc., and/or at
least one volatile memory device such as a dynamic random
access memory (DRAM) device, a static random access
memory (SRAM) device, a mobile DRAM device, etc. The
storage device 530 may be a solid state drive (SSD) device,
a hard disk drive (HDD) device, a CD-ROM device, etc. The
1/O device 540 may be an input device such as a keyboard,
a keypad, a mouse device, a touchpad, a touch-screen, a
remote controller, etc., and an output device such as a
printer, a speaker, etc. In some example embodiments, the
organic light emitting display device 560 may be included in
the I/O device 540. The power supply 550 may provide
power for operations of the electronic device 500.

[0063] The organic light emitting display device 560 may
be coupled to other components via the buses or other
communication links. For example, the organic light emit-
ting display device 560 may include a source device and a
sink device that perform data communication using a spe-
cific interface. The source device may output image data to
the sink device. The sink device may receive the image data
from the source device and may perform a displaying
operation based on the image data. As described above, the
organic light emitting display device 560 may employ an
impulse driving method by which an organic light emitting
diode included in a pixel circuit emits light in response to an
emission on-off clock. In addition, the organic light emitting
display device 560 may change a frame rate of an image
frame composing the image data (or, a time of the image
frame) in real time while performing the displaying opera-
tion to display images. Here, the organic light emitting
display device 560 may prevent or reduce a flicker that a
viewer can perceive from occurring by maintaining an
emission duty ratio to be constant for each panel driving
frame when a frame rate of the panel driving frame is
changed as a frame rate of the image frame is changed and
when a driving timing of the panel driving frame for the
displaying operation is synchronized with a transmitting
timing of the image frame. Thus, the organic light emitting
display device 560 may provide a high-quality image to the
viewer. To this end, the source device may change the frame
rate of the image frame while satisfying a condition in which
the emission duty ratio of the panel driving frame is not
changed. In some example embodiments, the source device
may change the frame rate of the image frame using the
[Equation 1]. Here, one clock cycle time of the emission
on-off clock may not be changed although the frame rate of
the panel driving frame is changed as the frame rate of the
image frame is changed. In some example embodiments, the
sink device may change the frame rate of the panel driving
frame to have the same value as the frame rate of the image
frame when the source device changes the frame rate of the
image frame while satisfying the condition in which the
emission duty ratio of the panel driving frame is not
changed. Because the organic light emitting display device
560 is described above, duplicated description related
thereto will not be repeated.

[0064] The present invention may be embodied in various
different forms, and should not be construed as being limited
to only the illustrated embodiments herein. Rather, these
embodiments are provided as examples so that this disclo-
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sure will be thorough and complete, and will fully convey
the aspects and features of the present invention to those
skilled in the art. Accordingly, processes, elements, and
techniques that are not necessary to those having ordinary
skill in the art for a complete understanding of the aspects
and features of the present invention may not be described.
Unless otherwise noted, like reference numerals denote like
elements throughout the attached drawings and the written
description, and thus, descriptions thereof will not be
repeated. In the drawings, the relative sizes of elements,
layers, and regions may be exaggerated for clarity.

[0065] It will be understood that, although the terms
“first,” “second,” “third,” 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 used to distinguish one element, component,
region, layer or section from another element, component,
region, layer or section. Thus, a first element, component,
region, layer or section described below could be termed a
second element, component, region, layer or section, with-
out departing from the spirit and scope of the present
invention.

[0066] Spatially relative terms, such as “beneath,”
“below,” “lower,” “under,” “above,” “upper,” and the like,
may be used herein for ease of explanation to describe one
element or feature’s relationship to another element(s) or
feature(s) as illustrated in the figures. It will be understood
that the spatially relative terms are intended to encompass
different orientations of the device in use or in 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” or “under” other ele-
ments or features would then be oriented “above” the other
elements or features. Thus, the example terms “below” and
“under” can encompass both an orientation of above and
below. The device may be otherwise oriented (e.g., rotated
90 degrees or at other orientations) and the spatially relative
descriptors used herein should be interpreted accordingly.
[0067] 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 to,
or coupled to the other element or layer, or one or more
intervening elements or layers may be present. In addition,
it will also be understood that when an element or layer is
referred to as being “between” two elements or layers, it can
be the only element or layer between the two elements or
layers, or one or more intervening elements or layers may
also be present.

[0068] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting of the present invention. As used herein, the
singular forms “a” and “an” are intended to include the
plural forms as well, unless the context clearly indicates
otherwise. It will be further understood that the terms
“comprises,” “comprising,” “includes,” and “including,”
when used in this specification, specify the presence of the
stated features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addition of
one or more other features, integers, steps, operations,
elements, components, and/or groups thereof. As used
herein, the term “and/or” includes any and all combinations
of one or more of the associated listed items. Expressions
such as “at least one of,” when preceding a list of elements,
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modify the entire list of elements and do not modify the
individual elements of the list.

[0069] As used herein, the term “substantially,” “about,”
and similar terms are used as terms of approximation and not
as terms of degree, and are intended to account for the
inherent deviations in measured or calculated values that
would be recognized by those of ordinary skill in the art.
Further, the use of “may” when describing embodiments of
the present invention refers to “one or more embodiments of
the present invention.” As used herein, the terms “use,”
“using,” and “used” may be considered synonymous with
the terms “utilize,” “utilizing,” and “utilized,” respectively.
Also, the term “exemplary” is intended to refer to an
example or illustration.

[0070] The electronic or electric devices and/or any other
relevant devices or components according to embodiments
of the present invention described herein may be imple-
mented utilizing any suitable hardware, firmware (e.g. an
application-specific integrated circuit), software, or a com-
bination of software, firmware, and hardware. For example,
the various components of these devices may be formed on
one integrated circuit (IC) chip or on separate 1C chips.
Further, the various components of these devices may be
implemented on a flexible printed circuit film, a tape carrier
package (TCP), a printed circuit board (PCB), or formed on
one substrate. Further, the various components of these
devices may be may be a process or thread, running on one
or more processors, in one or more computing devices,
executing computer program instructions and interacting
with other system components for performing the various
functionalities described herein. The computer program
instructions are stored in a memory which may be imple-
mented in a computing device using a standard memory
device, such as, for example, a random access memory
(RAM). The computer program instructions may also be
stored in other non-transitory computer readable media such
as, for example, a CD-ROM, flash drive, or the like. Also, a
person of skill in the art should recognize that the function-
ality of various computing devices may be combined or
integrated into a single computing device, or the function-
ality of a particular computing device may be distributed
across one or more other computing devices without depart-
ing from the spirit and scope of the example embodiments
of the present invention.

[0071] 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 the present invention belongs. It will be further
understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the
relevant art and/or the present specification, and should not
be interpreted in an idealized or overly formal sense, unless
expressly so defined herein.

[0072] The present inventive concept may be applied to an
organic light emitting display device and an electronic
device including the organic light emitting display device.
For example, the present inventive concept may be applied
to a cellular phone, a smart phone, a video phone, a smart
pad, a smart watch, a tablet PC, a car navigation system, a
television, a computer monitor, a laptop, a digital camera, an
HMD device, etc.

[0073] The foregoing is illustrative of some example
embodiments and is not to be construed as limiting thereof.
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Although some example embodiments have been described,
those skilled in the art will readily appreciate that many
modifications are possible in the example embodiments
without materially departing from the novel teachings and
characteristics of the present inventive concept. Accord-
ingly, all such modifications are intended to be included
within the scope of the present inventive concept as defined
in the claims. Therefore, it is to be understood that the
foregoing is illustrative of various example embodiments
and is not to be construed as limited to the specific example
embodiments disclosed, and that modifications to the dis-
closed example embodiments, as well as other example
embodiments, are intended to be included within the scope
of the appended claims, and their equivalents.

What is claimed is:

1. An organic light emitting display device comprising:

a source device configured to output image data; and

a sink device configured to perform a displaying operation

based on the image data,

wherein the source device is configured to change a frame

rate of an image frame composing the image data while
the displaying operation is performed,

wherein the sink device is configured to change a frame

rate of a panel driving frame for the displaying opera-
tion as the frame rate of the image frame is changed,
and

wherein the source device is configured to change the

frame rate of the image frame while satisfying a
condition in which an emission duty ratio of the panel
driving frame is not changed.

2. The organic light emitting display device of claim 1,
wherein the sink device comprises a pixel circuit that
includes an organic light emitting diode, and

wherein the organic light emitting diode emits light in

response to an emission on-off clock.

3. The organic light emitting display device of claim 2,
wherein one clock cycle time of the emission on-off clock is
not changed when the frame rate of the image frame and the
frame rate of the panel driving frame are changed.

4. The organic light emitting display device of claim 3,
wherein the source device is configured to change the frame
rate of the image frame to control a time of the image frame
to be equal to or longer than the one clock cycle time of the
emission on-off clock.

5. The organic light emitting display device of claim 4,
wherein the source device is configured to change the frame
rate of the image frame to control the time of the image
frame to be an integer multiple of the one clock cycle time
of the emission on-off clock.

6. The organic light emitting display device of claim 2,
wherein the sink device is configured to increase the frame
rate of the panel driving frame as the source device increases
the frame rate of the image frame.

7. The organic light emitting display device of claim 6,
wherein the sink device is configured to decrease the frame
rate of the panel driving frame as the source device
decreases the frame rate of the image frame.

8. The organic light emitting display device of claim 7,
wherein the sink device is configured to change the frame
rate of the panel driving frame to be equal to the frame rate
of the image frame.

9. The organic light emitting display device of claim 2,
wherein the source device is configured to change the frame
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rate of the image frame according to characteristics of
images that are displayed by the displaying operation.

10. The organic light emitting display device of claim 9,
wherein the source device is configured to increase the
frame rate of the image frame when a change of the images
is faster than a predetermined reference speed.

11. The organic light emitting display device of claim 9,
wherein the source device is configured to decrease the
frame rate of the image frame when a change of the images
is slower than a predetermined reference speed.

12. An organic light emitting display device comprising:

a source device configured to output image data; and

a sink device configured to perform a displaying operation

based on the image data,

wherein the source device is configured to change a frame

rate of an image frame composing the image data while
the displaying operation is performed,

wherein the sink device is configured to change a frame

rate of a panel driving frame for the displaying opera-
tion as the frame rate of the image frame is changed,
and

wherein the source device is configured to change the

frame rate of the image frame using [Equation 1] as
follows:

where F denotes the frame rate of the image frame, A
denotes one clock cycle time of an emission on-off
clock, and K is an integer greater than or equal to 1.

13. The organic light emitting display device of claim 12,

wherein the source device is configured to change the frame
rate of the image frame by selecting one of a plurality of
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candidate frame rates of the image frame that are calculated
by the [Equation 1] as the frame rate of the image frame.
14. The organic light emitting display device of claim 12,
wherein the sink device includes a pixel circuit that includes
an organic light emitting diode,
wherein the organic light emitting diode is configured to
emit light in response to the emission on-off clock, and

wherein the one clock cycle time of the emission on-off
clock is not changed when the frame rate of the image
frame and the frame rate of the panel driving frame are
changed.

15. The organic light emitting display device of claim 14,
wherein the sink device is configured to increase the frame
rate of the panel driving frame as the source device increases
the frame rate of the image frame.

16. The organic light emitting display device of claim 15,
wherein the sink device is configured to decrease the frame
rate of the panel driving frame as the source device
decreases the frame rate of the image frame.

17. The organic light emitting display device of claim 16,
wherein the sink device is configured to change the frame
rate of the panel driving frame to be equal to the frame rate
of the image frame.

18. The organic light emitting display device of claim 14,
wherein the source device is configured to change the frame
rate of the image frame according to characteristics of
images that are displayed by the displaying operation.

19. The organic light emitting display device of claim 18,
wherein the source device is configured to increase the
frame rate of the image frame when a change of the images
is faster than a predetermined reference speed.

20. The organic light emitting display device of claim 18,
wherein the source device is configured to decrease the
frame rate of the image frame when a change of the images
is slower than a predetermined reference speed.
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