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ORGANIC LIGHT EMITTING DIODE
DISPLAY DEVICE AND METHOD OF
OPERATING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims the benefit of pri-
ority to Korean Patent Application No. 10-2016-0033374,
filed on Mar. 21, 2016, which is herein incorporated by
reference in its entirety.

BACKGROUND

[0002] The present disclosure relates to an organic light
emitting diode (hereinafter, referred to as “OLED”) display
device and a method of operating the same, and more
particularly, to an OLED display device and a method of
operating the same, which prevent the degradation of the
OLED display device.

[0003] Recently, various types of display devices have
emerged. Of the various types of display devices, an OLED
display device has been widely used. Since the OLED
display device is a self-illuminating display device, the
OLED display device can be manufactured to have lower
power consumption and a thinner thickness. compared to a
liquid crystal display device in which a back light is nec-
essary. Also, the OLED display device has a wide viewing
angle and a high response time.

[0004] In general OLED display devices, one unit pixel is
configured with a red (R), green (G), and blue (B) sub-
pixels, and an image of various colors is displayed through
the three sub-pixels.

[0005] Ifthe OLED display device displays a fixed image
(for example, broadcaster’s logo) for a long time, light
emitting elements corresponding thereto also continuously
emit light. If a current continuously flows through a specific
light-emitting element for a long time, the corresponding
light-emitting element is overloaded, thus decreasing the
lifespan of the corresponding light-emitting element. There-
fore, color expressiveness of the corresponding light-emit-
ting element is degraded. Also, if images are changed on a
screen, a residual image of a previous image remains or a
burn-in phenomenon, in which a screen is not vividly
displayed as a stained screen, occurs.

SUMMARY

[0006] Embodiments provide an OLED display device
and a method of operating the same, which distribute a load
to sub-pixels other than a specific sub-pixel such that the
specific sub-pixel is not overloaded by using a WRGB-based
OLED pixel structure, preventing a residual image and
degradation of the specific sub-pixel, which may occur in the
OLED display device.

[0007] Embodiments provide an OLED display device
and a method of operating the same, which prevent a
residual image and degradation of a specific sub-pixel,
which may occur in the OLED display device, without a
change in the color itself of a pixel, by using a WRGB-based
OLED pixel structure.

[0008] Embodiments provide an OLED display device
and a method of operating the same, which distribute a load
to sub-pixels other than a specific sub-pixel such that the
specific sub-pixel is not overloaded and, at the same time,
apply a time difference with respect to adjustment of data
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values of overloaded pixels, by using a WRGB-based OLED
pixel structure, preventing a flicker.

[0009] Inoneembodiment, an organic light emitting diode
(OLED) display device includes: a display panel configured
to display an image inputted from an outside and the display
panel includes a plurality of pixels each having a red
sub-pixel, a green sub-pixel, a blue sub-pixel, and a white
sub-pixel; and a controller configured to obtain a second red
data value, a second green data value, a second blue data
value, and a white data value based on a first red data value,
a first green data value, and a first blue data value of the
image inputted from the outside, and apply the second red
data value to the red sub-pixel, the second green data value
to the green sub-pixel, the second blue data value to the blue
sub-pixel, and the white data value 1o the white sub-pixel,
wherein the controller adjusts the white data value if a same
data value is applied to at least one of the red, green, blue,
and white sub-pixels for a predetermined time.

[0010] The controller may adjust the second red data
value, the second green data value, and the second blue data
value, based on the adjusted white data value.

[0011] The controller may adjust the second red data
value, the green data green, and the second blue data value
by a value corresponding to the adjusted white data value.
[0012] If the white data value is returned to its original
white data value within a predetermined period of time after
the white data value is adjusted, the controller may apply the
original white data value to the white sub-pixel.

[0013] Ifany one of the second red data value, the second
green data value, and the second blue data value is 0, the
controller may decrease data values of other sub-pixels that
are not 0 by a predetermined ratio.

[0014] Ifthe second red data value, the second green data
value, and the second blue data value are not 0, the controller
may adjust the white data value.

[0015] The controller may adjust the white data value in a
specific range based on a data value of a sub-pixel of which
a compensation value for compensating for degradation
characteristics is the largest, from among the sub-pixels.
[0016] The controller may adjust the white data value to a
maximum in the specific range if the sub-pixel of which the
compensation value is the largest is the blue sub-pixel, and
adjust the white data value to a minimum in the specific
range if the sub-pixel of which the compensation value is the
largest is the white sub-pixel.

[0017] The controller may adjust the white data value with
a time difference with respect to pixels in which the same
data value is applied to at least one of red, green, blue, and
white sub pixels for a predetermined period of time, in a
periodic manner with respect to the pixels, in a case of
adjusting the white data value to a maximum or a minimum
in a specific range.

[0018] Ifthe same data value is applied to a predetermined
percentage or more of the plurality of pixels for a predeter-
mined period of time, the controller may adjust the white
data value.

[0019] In another embodiment, a method of operating an
organic light emitting diode (OLED) display device
includes: displaying an image inputted from an outside
through a display panel including a plurality of pixels, each
having a red sub-pixel, a green sub-pixel, a blue sub-pixel,
and a white sub-pixel; obtaining a second red data value, a
second green data value, a second blue data value, and a
white data value based on a first red data value, a first green
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data value, and a first blue data value of the image inputted
from the outside; applying the second red data value to the
red sub-pixel, the second green data value to the green
sub-pixel, the second blue data value to the blue sub-pixel,
and the white data value to the white sub-pixel; and, if a
same data value is applied to at least one of the red, green,
blue, and white sub-pixels for a predetermined period of
time, adjusting the white data value.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 is a diagram for describing a configuration
of an OLED display device according to an embodiment.
[0021] FIG. 2 is a flowchart of a method of operating an
OLED display device according to an embodiment.

[0022] FIG. 3 is a diagram for describing a method of
detecting an overloaded pixel based on frame change of
images according to an embodiment.

[0023] FIGS. 4A to 4C are diagrams for describing an
embodiment in which an RGB data value of a detected
overloaded pixel is adjusted if there is no white property in
the overloaded pixel according to an embodiment.

[0024] FIG. 5 is a diagram for describing a process by
which an OLED display device converts three-color data
into four-color data according to an embodiment.

[0025] FIGS. 6 and 7 are diagrams for describing
examples in which a data value of an overloaded pixel is
adjusted to a WRGB data value corresponding to an RGB
data value of the overloaded pixel, according to various
embodiments.

[0026] FIG. 8 is a diagram for describing an example in
which, if a data value of a pixel detected as an overloaded
pixel is changed according to frame change and is then
returned to its original value, a compensation operation is
again performed, according to an embodiment.

[0027] FIGS. 9 to 11 are diagrams for describing examples
of making timings for adjusting a WRGB data value of an
overloaded pixel different from one another, in order to
prevent a flicker, according to an embodiment.

[0028] FIG. 12A is a diagram for describing an existing
RGB-based OLED structure, and FIG. 12B is a diagram for
describing a WRGB-based OLED structure according to an
embodiment.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0029] Hereinafter, exemplary embodiments will be
described in detail with reference to the accompanying
drawings. A suffix “module” or “unit” used for constituent
elements disclosed in the following description is merely
intended for easy description of the specification, and the
suffix itself does not give any special meaning or function.
[0030] FIG. 1 is a diagram for describing a configuration
of an OLED display device 10 according to an embodiment.
[0031] Referring to FIG. 1, the OLED display device 10
according to the present embodiment may include a display
panel 110, a four-color data converter 120, a timing con-
troller 130, a gate driver 140, a data driver 150, and a
memory 160.

[0032] The display panel 110 may include a plurality of
sub-pixels SP. The plurality of sub-pixels SP may be respec-
tively formed in a plurality of pixel areas defined by inter-
sections between a plurality of gate lines GL and a plurality
of data lines DL. A plurality of driving power lines PL for
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supplying a driving voltage are formed respectively in
parallel to the plurality of data lines DL in the display panel
110.

[0033] Each of the plurality of sub-pixels SP may be any
one of red, green, blue, and white sub-pixels. One unit pixel
displaying one image may include adjacent red, green, blue,
and white sub-pixels, or include red, green, and blue sub-
pixels. Hereinafter, one unit pixel is assumed as including
red, green, blue, and white sub-pixels.

[0034] Each of the plurality of sub-pixels SP may include
an organic light emitting element OLED and a pixel circuit
PC. The organic light emitting element OLED is connected
between the pixel circuit PC and a corresponding second
driving power line PL2, and emits light in proportion to an
amount of a data current supplied from the pixel circuit PC
to emit light of a certain color. To this end, the organic light
emitting element OLED includes an anode electrode (pixel
electrode) connected to the pixel circuit PC, a cathode
electrode (reflective electrode) connected to the second
driving power line PL2, and an emission cell that is formed
between the anode electrode and the cathode electrode to
emit light of any one of red, green, blue, and white. Here, the
emission cell may be formed to have a structure of a hole
transport layer/organic emission layer/electron transport
layer or a structure of a hole injection layer/hole transport
layer/organic emission layer/electron transport layer/elec-
tron injection layer. Further, the emission cell may further
include a function layer for enhancing light-emission effi-
ciency and/or lifespan of the organic emission layer.
[0035] The pixel circuit PC supplies a data current corre-
sponding to a data voltage Vdata, supplied from the data
driver 150 to a corresponding data line DL, to the organic
light emitting element OLED in response to a gate signal GS
having a gate-on voltage level, which is supplied from the
gate driver 140 to a corresponding gate line GL. In this case,
the data voltage Vdata has a voltage value in which degra-
dation characteristics of the organic light emitting element
OLED is compensated. To this end, the pixel circuit (PC)
may include a switching transistor, a driving transistor, and
at least one capacitor, which are formed on a substrate by a
process for forming a thin film transistor (TFT). Examples
of the switching transistor and the driving transistor may
include an a-Si TFT, a poly-Si TFT, an oxide TFT, and an
organic TFT.

[0036] The switching transistor may supply the data volt-
age Vdata, supplied to the data line DL, to a gate electrode
of the driving transistor according to the gate signal having
the gate-on voltage level, which is supplied to the gate line
GL.

[0037] The driving transistor may be turned on according
to a gate-source voltage including the data voltage Vdata
supplied from the switching transistor to control an amount
of a current flowing into the organic light emitting element
OLED from the driving voltage line PL1.

[0038] The four-color data converter 120 may generate
data to be supplied to unit pixels of the display panel 110,
based on three-color input data Ri, Gi and Bi of red, green,
and blue, and a timing synchronization signal (TSS) input
from an external system body (not illustrated) or a graphics
card (not illustrated). The four-color data converter 120 may
generate four-color data R, G, B and W of red, green, blue,
and white to be respectively supplied to red, green, blue, and
white sub-pixels constituting a unit pixel, based on the
timing synchronization signal TSS and the three-color input
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data Ri, Gi, and Bi. The generated four-color data R, G, B
and W may be provided to the timing controller 130.
[0039] The four-color converter 120 may further include a
filter (not illustrated). The filter can remove the noise of the
three-color input data. For example, the filter may perform
filtering with respect to respective grayscale levels of red
data, green data, and blue data, removing the noise of the
three-color input data. The filter may filter one or more of the
red data, the green data, and the blue data.

[0040] The four-color data converter 120 may be included
in the timing controller 130.

[0041] The timing controller 130 may respectively control
driving timings of the gate driver 140 and the data driver 150
based on the timing synchronization signal TSS input from
the external system body (not illustrated) and the graphics
card (not illustrated). The timing controller 130 may gener-
ate a gate control signal GCS and a data control signal DCS
based on the timing synchronization signal TSS, such as a
vertical synchronization signal, a horizontal synchronization
signal, a data enable signal, or a dot clock. The timing
controller 130 may control the driving timing of the gate
driver 140 through the gate control signal GCS, and control
the driving timing of the data driver 150 through the data
control signal DCS so as to be synchronized with the driving
timing of the gate driver 140.

[0042] The timing controller 130 may accumulate and
store, in the memory 160, the data R, G, B and W of
sub-pixels SP, supplied from the four-color data converter
120 in the unit of sub-pixels SP, per each frame or an
accumulation period set to a predetermined period.

[0043] The gate driver 140 may generate a gate signal GS
corresponding to a display order of an image and supply the
gate signal GS to a corresponding gate line GL, based on the
gate control signal GCS provided by the timing controller
130. The gate driver 140 may be formed of a plurality of
integrated circuits (IC), or may be directly formed on the
display panel 110 during a process for forming a transistor
for each sub-pixel (SP), and may be connected to one side
or both sides in each of the plurality of gate lines (GL).
[0044] The data driver 150 may be provided with pixel
data DATA and the data control signal DCS by the timing
controller 130. The data driver 150 may be provided with a
plurality of reference gamma voltages by an external refer-
ence gamma voltage supplying unit (not illustrated). The
data driver 150 may convert the pixel data DATA into a data
voltage Vdata of analog type based on the data control signal
DCS and the plurality of reference gamma voltages. The
data driver 150 may supply the data voltage Vdata to a data
line DL of a corresponding sub-pixel SP. Therefore, in each
of the unit pixels constituting the display panel 110, a
corresponding organic light emitting element OLED emits
light by a data current based on the data voltage Vdata
supplied to each sub-pixel SP, displaying a certain image. In
this case, in each unit pixel, three sub-pixels including a
white sub-pixel from among red, green, blue, and white
sub-pixels may be driven or all the four sub-pixels may be
driven. The data driver 150 may be formed of a plurality of
integrated circuits (IC) and may be connected to one side or
both sides of the data line DL.

[0045] The timing controller 130 may control operations
of the four-color converter 120, the gate driver 140, the data
driver 150, and the memory 160.

[0046] Since the OLED display device 10 illustrated in
FIG. 1 is merely an embodiment, some of illustrated ele-
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ments may be combined, added, or omitted according to a
specification of the OLED display device 10 which is
actually implemented. For example, the four-color data
converter 120 and the timing controller 130 may be config-
ured by one controller or the four-color data converter 120,
the timing controller 130, the gate driver 140, and the data
driver 150 may be configured by one controller (not illus-
trated).

[0047] That is, if needed, two or more elements may be
combined into one element, or one element may be sepa-
rated into two or more elements. Also, a function performed
in each block is for describing embodiments of the present
disclosure, and a specific operation or device therefor do not
limit the scope of the prevent disclosure.

[0048] Next, a method of operating the OLED display
device according to an embodiment will be described with
reference to FIG. 2.

[0049] Also, the following description will be given in
connection with the configuration of the OLED display
device, which has been described with reference to FIG. 1.
[0050] FIG. 2 is a flowchart of a method of operating an
OLED display device according to an embodiment.

[0051] The display panel 110 of the OLED display device
10 displays an image inputted from the outside (S501).
According to an embodiment, the display panel 110 may be
an organic light emitting display panel.

[0052] The timing controller 130 of the OLED display
device detects an overloaded pixel of a plurality of pixels
constituting the display panel 110 based on frame change of
the input image (5503). Each of the plurality of pixels may
be the unit pixel described with reference to FIG. 1. The
overloaded pixel may be a pixel which becomes the cause of
burn-in phenomenon later. The overloaded pixel may be a
target pixel, of which a pixel value is to be adjusted.

[0053] According to an embodiment, the timing controller
130 may convert RGB data value of the image into WRGB
data value, prior to detection of the overloaded pixel. That
is, the timing controller 130 may detect the overloaded pixel
after having converted the RGB data value of the image into
the WRGB data value.

[0054] Specifically, the timing controller 130 may obtain
a second red data value, a second green data value, a second
blue data value, and a white data value based on a first red
data value, a first green data value, and a first blue data value
of the image input from the outside. The timing controller
130 may apply the obtained second red data value to a red
sub-pixel, apply the obtained second green data value to a
green sub-pixel, apply the obtained second blue data value
to a blue sub-pixel, and apply the obtained white data value
to a white sub-pixel.

[0055] According to the an embodiment, the timing con-
troller 130 may adjust the white data value if the data value
applied to at least one of the red, green, blue, and white
sub-pixels is same for a predetermined period of time. In this
case, the predetermined period of time may be three sec-
onds, which is merely an exemplary value. If the data value
applied to at least one of the red, green, blue, and white
sub-pixels is same for the predetermined period of time, the
timing controller 130 may detect a corresponding pixel as an
overloaded pixel and adjust a white data value of the
corresponding pixel. However, the present embodiment is
not limited thereto. If the data value applied to at least one
of the red, green, blue, and white sub-pixels is same for the
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predetermined period of time, the timing controller 130 may
adjust white data values of all pixels constituting the display
panel 110.

[0056] According to another embodiment, if the same
value is applied to at least one pixel for a predetermined
period of time, the timing controller 130 may adjust the
white data value applied to a white sub-pixel thereof.
Specifically, if the data value applied to at least one pixel is
same for the predetermined period of time, the timing
controller 130 may detect a corresponding pixel as an
overloaded pixel and adjust the white data value of the
corresponding pixel. However, the present embodiment is
not limited thereto. If the data value applied to at least one
pixel is same for the predetermined period of time, the
timing controller 130 may adjust white data values of all
pixels constituting the display panel 110.

[0057] According to another embodiment, if the same data
value is applied to a predetermined percentage or more of a
plurality of pixels for a predetermined period of time, the
timing controller 130 may adjust white data values applied
to white sub-pixels. The predetermined percentage may be
60% which is merely an exemplary value. The timing
controller 130 may adjust the white data values of all pixels
constituting the display panel 110 if the data value applied
to at least one pixel is same for the predetermined period of
time.

[0058] A process of adjusting a white data value may be
performed according to step S511 described below.

[0059] According to another embodiment, if a data value
of each of a plurality of pixels constituting the display panel
110 is maintained a predetermined number of times or more
times according to frame change of an image input from the
outside, the timing controller 130 may determine a corre-
sponding pixel as an overloaded pixel. The data value of
each of the plurality of pixels may be a combination of a data
value of a red sub-pixel, a data value of a green sub-pixel,
and a data value of a blue sub-pixel or a combination of a
data value of a red sub-pixel, a data value of a green
sub-pixel, a data value of a blue sub-pixel, and a data value
of a white sub-pixel. A data value of each sub-pixel may be
a grayscale value (or grayscale level).

[0060] The timing controller 130 may obtain a pixel value
of each of the plurality of pixels constituting a frame and, if
the obtained pixel value is maintained a predetermined
number of times or more times according to frame change,
determine a corresponding pixel as an overloaded pixel. A
description will be given below with reference to the accom-
panying drawings.

[0061] FIG. 3 is a diagram for describing a method of
detecting an overloaded pixel based on frame change of an
image, according to an embodiment.

[0062] Referring to FIG. 3, there are illustrated frames of
an image which are changed with the lapse of time. Four
frames are illustrated as an example in FIG. 3. The four
frames may be consecutive frames with the lapse of time.
That is, the four frames may be assigned numbers according
to the input orders thereof.

[0063] Each of the frames may include a first pixel 610, a
second pixel 630, a third pixel 650, and a fourth pixel 670
which are merely illustrative. A data value of each of pixels
constituting a frame 1 is a reference value for detection of an
overloaded pixel. The number of accumulations of the same
data is 1, which is denoted as “1” on each pixel in FIG. 3.
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[0064] If frame change is made from the frame 1 to a
frame 2 (that is, scene change is made), the timing controller
130 may obtain a data value of each pixel and determine
whether the obtained data value of each pixel is same. For
example, if a frame of an image is changed from the frame
1 to the frame 2, a data value of the first pixel 610 of the
frame 2 is identical to the data value of the first pixel 610 of
the frame 1. That is, a frame is changed but the data value
of a pixel has been maintained. Since the data value of the
first pixel 610 is same even if the frame 1 is changed to the
frame 2, the same data value may be accumulated. Since the
data values of the first pixel 610 in two frames are equal, the
number of accumulations of the same data value of the first
pixel 610 may be denoted as “2” in FIG. 3. The timing
controller 130 may store the number of accumulations of the
same data value with respect to each pixel according to
frame change.

[0065] The data value of the second pixel 630 of the frame
2 is changed, compared to the second pixel 630 of the frame
1. The data values of the third pixel 650 and the fourth pixel
670 are also changed. Therefore, with respect to the frame
2, the number of accumulations of the same data value for
each of the second pixel 630, the third pixel 650, and the
fourth pixel 670 may be denoted as “1”.

[0066] Ifthe frame of the image is changed from the frame
2 to the frame 3, the data value of the first pixel 610 of the
frame 2 is identical to the data value of the first pixel 610 of
the frame 3. That is, the number of accumulations of the
same data value is 3, which is denoted as “3” on the first
pixel 610 in the frame 3. Since the data value of the first
pixel 610 is indentically maintained while the frame of the
image is changed three times, the first pixel 610 may be
detected as an overloaded pixel. That is, if the data value of
a specific pixel is accumulated equally three times with
respect to consecutive frames of the image with the lapse of
time, the timing controller 130 may detect a corresponding
pixel as an overloaded pixel. In this case, three times are
merely an example.

[0067] Since the pixel data values of the second pixel 630
and the pixel data values of the third pixel 650 in the frame
2 and the frame 3 are respectively equal, the timing con-
troller 130 may count the number of accumulations of the
same data value as 2 with respect to the second pixel 630 and
the third pixel 650.

[0068] In this case, since the data value of the fourth pixel
670 of the frame 3 is different from the data value of the
fourth pixel 670 of the frame 2, the number of accumulations
of the same data value is 1.

[0069] Ifthe frame of the image is changed from the frame
3 to the frame 4, the data value of the second pixel 630 is
equally accumulated three times, the timing controller 130
may detect the second pixel 630 as an overloaded pixel.
[0070] As aresult, the timing controller 130 may detect, as
an overloaded pixel, the first pixel 610 and the second pixel
630 of which the pixel values are equal a predetermined
number of times or more time’s according to frame change
of the image.

[0071] Again, details will be described below with refer-
ence to FIG. 2.
[0072] The timing controller 130 of the OLED display

device 10 may obtain a RGB data value of the detected
overloaded pixel (S505). According to an embodiment, the
timing controller 130 may respectively obtain a red sub-
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pixel value (red data value), a green sub-pixel value (green
data value), and a blue sub-pixel value (green data value) of
the overloaded pixel.

[0073] The RGB data value is a value resulting from
combining the red data value, the green data value, and the
blue data value. The sub-pixel values may be classified into
256 grayscale levels of 0 to 255, which are merely an
example, and may have normalized values. If the sub-pixel
values are classifled into 256 levels, colors which can be
expressed by pixels may be 256 colors.

[0074] The timing controller 130 of the OLED display
device may determine whether there is a white property in
the overloaded pixel based on the obtained RGB data value
of the overloaded pixel (S507). According to an embodi-
ment, if any one of the red data value, the green data value,
and the blue data value of the overloaded pixel is 0, the
timing controller 130 may determine that there is no white
property in the overloaded pixel. On the contrary, if all of the
red data value, the green data value, and the blue data value
of the overloaded pixel are not 0, the timing controller 130
may determine that there is a white property in the over-
loaded pixel.

[0075] If there is no white property in the overloaded
pixel, the timing controller 130 of the OLED display device
10 may adjust the obtained RGB data value itself of the
overloaded pixel (S509). If there is no white property in the
overloaded pixel, the timing controller 130 may adjust the
RGB data value of the overloaded pixel so as to reduce
brightness of the pixel.

[0076] According to an embodiment, the timing controller
130 may adjust the RGB data value of the overloaded pixel
so as to decrease the RGB data value of the overloaded pixel
by predetermined magnitude.

[0077] According to another embodiment, the timing con-
troller 130 may adjust the RGB data value of the overloaded
pixel to a value corresponding to a black color.

[0078] According to still another embodiment, the timing
controller 130 may adjust the RGB data value of the
overloaded pixel so as to reduce the RGB data value of the
overloaded pixel by a predetermined magnitude in a periodic
manner. The above configuration will be described with
reference to the drawings.

[0079] FIGS. 4A to 4C are diagrams for describing an
embodiment in which an RGB data value of a detected
overloaded pixel is adjusted if there is no white property in
the overloaded pixel according to an embodiment.

[0080] Referring to FIGS. 4A to 4C, the following descrip-
tion will be given under the assumption that a blue data
value is 0 if there is no white property in an overloaded
pixel. However, the present disclosure is not limited thereto,
and is applicable to a case where a red data value or a green
data value, not the blue data value, is 0.

[0081] Also, graphs in FIGS. 4A to 4C represent that each
sub-pixel value (data value of each color) in the range of 0
to 255 is expressed by a normalized value. That is, 255 may
correspond to a normalized value of 1.

[0082] Referring to FIG. 4A, it can be seen that a blue data
value of the overloaded pixel 1s 0. This may mean that there
is no white property in the overloaded pixel. If there is no
white property in the overloaded pixel, the timing controller
130 may decrease the RGB data value of the overloaded
pixel. Specifically, if there is no white property in the
overloaded pixel, the timing controller 130 may decrease the
RGB data value by decreasing the red data value and the
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green data value by a predetermined ratio. It can be seen
from the graph of FIG. 4A that the red data value and the
green data value have been decreased by a predetermined
ratio. In this case, the predetermined ratio may be 50%,
which is merely an exemplary value. The brightness may be
also decreased as the RGB data value of the overloaded pixel
is decreased. Accordingly, a load of the overloaded pixel can
be decreased.

[0083] According to an embodiment, if an overload state
of the overloaded pixel ends according to frame change of
an image, the timing controller 130 may stop the adjustment
of the RGB data value as in FIG. 4A. The case where the
overload state ends may be a case where the value of the
overloaded pixel is maintained indentically a predetermined
number of times or more times and is then changed.
[0084] The embodiment of FIG. 4B is an enlarged version
of the embodiment of FIG. 4C. That is, if there is no white
property in the overloaded pixel, the timing controller 130
may decrease the RGB data value of the overloaded pixel in
a periodic manner. Specifically, the timing controller 130
may decrease the red data value and the green data value by
a predetermined ratio as illustrated in FIG. 4B, and then
increase the red data value and the green data value so as to
have the original values thereof. Then, after a predetermined
period of time elapses, the timing controller 130 may again
decrease the red data value and the green data value by the
predetermined ratio.

[0085] Referring to FIG. 4C, if there is no white property
in the overloaded pixel, the timing controller 130 may adjust
a value of a corresponding pixel to a value corresponding to
black data in a periodic manner. This can provide the similar
effect as if black data is periodically inserted into the
corresponding pixel. Specifically, as illustrated in FIG. 4C,
if there is no white property in the overloaded pixel, the
timing controller 130 may adjust the red data value and the
green data value to 0 in a periodic manner. Therefore, the
overloaded pixel may express a black color.

[0086] The timing controller 130 may maintain the origi-
nal value of the overloaded pixel, and if a predetermined
period elapses, insert black data. According to an embodi-
ment, the predetermined period may be a period set such that
a flicker does not occur. For example, the timing controller
130 may adjust the red sub-pixel value and the green
sub-pixel value to 0 at a period of the unit of 60 frames.
Accordingly, as illustrated in FIG. 4C, the overloaded pixel
has an original value and a value of 0, periodically and
alternately.

[0087] Again, details will be described below with refer-
ence to FIG.
[0088] The timing controller 130 of the OLED display

device 10 adjusts the obtained white data value of the
overloaded pixel if there is a white property in the over-
loaded pixel (S511).

[0089] According to an embodiment, the timing controller
130 may adjust a data value of a white sub-pixel to a value
corresponding to the RGB data value of the overloaded
pixel. In this case, the RGB data value of the overloaded
pixel may be a combination of the second red data value, the
second green data value, and the second blue data value,
which are described above. The timing controller 130 may
adjust a WRGB data value to a value corresponding to the
RGB data value of the overloaded pixel. That is, the timing
controller 130 may adjust the data value of the white
sub-pixel so as to correspond to the RGB data value of the
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overloaded pixel, in order to express the same color. The
timing controller 130 may adjust the second red data value,
the second green data value, and the second blue data value
according to the adjusted data value of the white sub-pixel.
The timing controller 130 may adjust the second red data
value, the second green data value, and the second blue data
value by a value corresponding to the adjusted white data
value.

[0090] In order words, the timing controller 130 may
adjust the WRGB data value so as to correspond to the RGB
data value of the overloaded pixel. The WRGB data value
may be a value resulting from combination of a white
sub-pixel value (white data value), a red sub-pixel value (red
data value), a green sub-pixel value (green data value), and
a blue sub-pixel value (blue data value). If there is a white
property in the overloaded pixel, the timing controller 130
may adjust the white data value, the red data value, the green
data value, and the blue data value to values corresponding
to the red data value, the green data value, and the blue data
value of the overloaded pixel.

[0091] The timing controller 130 may adjust a value of the
overloaded pixel in a predetermined data value range for the
white sub-pixel.

[0092] According to an embodiment, the timing controller
130 may adjust the white data value based on a compensa-
tion value of a specific sub-pixel constituting the overloaded
pixel.

[0093] According to another embodiment, if the compen-
sation value of the specific sub-pixel constituting the over-
loaded pixel is equal to or greater than a predetermined
magnitude, the timing controller 130 may adjust the WRGB
data value to a value corresponding to the compensation
value of the specific sub-pixel. That is, the timing controller
130 may adjust the WRGB data so as to decrease stress of
a sub-pixel having a large compensation value. In this case,
the case where the compensation value of the specific
sub-pixel is equal to or greater than a predetermined mag-
nitude may represent a case where a voltage value or a
current value to be compensated is equal to or greater than
a predetermined magnitude, due to degradation of a corre-
sponding sub-pixel.

[0094] According to another embodiment, the timing con-
troller 130 may adjust the WRGB data value based on a
sub-pixel having the greatest compensation value from
among specific sub-pixels constituting the overloaded pixel.
The timing controller 130 may adjust the WRGB data value
to a value corresponding to the compensation value of the
sub-pixel having the greatest compensation value. The com-
pensation value may be a voltage value for compensating for
degradation characteristics of a sub-pixel.

[0095] A process of adjusting a value of an overloaded
pixel to a WRGB data value corresponding to an RGB data
value of the overloaded pixel will be described with refer-
ence to the drawings.

[0096] FIG. 5 is a diagram for describing a process by
which an OLED display device coverts three-color data into
four-color data, according to an embodiment, and FIGS. 6
and 7 are diagrams for describing examples in which a data
value of an overloaded pixel is adjusted to a WRGB data
value corresponding to an RGB data value of the overloaded
pixel according to various embodiments.

[0097] First, referring to FIG. 5, there is illustrated a
process by which the OLED display device 10 converts
three-color input data of red, green, and blue into four-color
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data of red, green, blue, and white. The timing controller 130
of the OLED display device 10 may obtain the minimum
grayscale value (min R, G, B)=B) of the red data value R,
the green data value G, and the blue data value B as a white
output data value Wd. The timing controller 130 may obtain
a red output data value (R-Wd), a green output data value
(G-Wd), and a blue output data value (B-Wd) by subtract-
ing the obtained white output data value Wd from the red
data value R, the green data value G, and the blue data value
B respectively. That is, the OLED display device 10 can
convert three-color input data values into four-color output
data values.

[0098] The embodiments of FIGS. 6 and 7 may corre-
spond to a process performed after the three-color input data
values are converted into the four-color output data values
through the process of FIG. 5. That is, in FIGS. 6 and 7, the
data values of the overloaded pixel may be values resulting
from conversion into four-color data.

[0099] FIG. 6 illustrates an example in which a white data
value of a detected overloaded pixel is adjusted to the
maximum, and FIG. 7 illustrates an example in which the
white data value of the detected overloaded pixel is adjusted
to the minimum. A method of adjusting the white data value
of the detected overloaded pixel to the maximum is referred
to as a “MAX white rendering method”, and a method of
adjusting the white data value of the detected overloaded
pixel to the minimum is referred to as a “MIN white
rendering method”.

[0100] Also, the following description is given under the
assumption that the white data value is adjustable within a
specific range. The specific range may be a range of from the
minimum 0 to the maximum 50, which is merely an
example. The specific range may be a range in which a
flicker does not occur, which is also merely an example.
[0101] FIG. 6illustrates the MAX white rendering method
performed under the assumption that a compensation value
of a blue sub-pixel constituting the detected overloaded
pixel is greater than compensation values of other sub-
pixels. That is, if the compensation value of the blue data
value corresponding to the overloaded pixel is greater than
compensation values of other color data values, as illustrated
in FIG. 6, the timing controller 130 may increase the white
data value to the maximum value in the specific range, in
order to reduce stress of the blue sub-pixel. The timing
controller 130 may decrease the red data value, the green
data value, and the blue data value while increasing the
white data value to the maximum in the specific range. A
decreased amount of the blue data value may correspond to
a decreased amount of the red data value, a decreased
amount of the green data value, and an increased amount of
the white data value. As a result, the timing controller 130
distributes an overload on the blue sub-pixel to other sub-
pixels, thus preventing degradation of the blue sub-pixel and
solving the occurrence of a residual image and the shorten-
ing of the lifespan thereof.

[0102] FIG. 7 is a diagram for describing the MIN white
rendering method performed under the assumption that a
compensation value of a white sub-pixel constituting a
detected overloaded pixel is greater than compensation
values for other sub-pixels.

[0103] If the compensation value of the white data value
corresponding to the overloaded pixel is greater than the
compensation values of other color data values, as illustrated
in FIG. 7, the timing controller 130 may decrease the white
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data value to the minimum in the specific range, in order to
reduce stress of the white sub-pixel. The timing controller
130 can decrease the white data value to the minimum in the
specific range and, at the same time, increase the red data
value, the green data value, and the blue data value. The
decreased amount of the white data value may correspond to
an increased amount of the red data value, an increased
amount of the green data value, and an increased amount of
the blue data value. As described above, the timing control-
ler 130 may distribute an overload on the white sub-pixel to
other sub-pixels, thus preventing degradation of the white
sub-pixel.

[0104] According to the present embodiment, the timing
controller 130 detects the overloaded pixel, adjusts the data
value of the white sub-pixel constituting the detected over-
loaded pixel, and adjusts the data value of the red sub-pixel,
the data value of the green sub-pixel, and the data value of
the blue sub-pixel by a value corresponding to the adjusted
data value of the white sub-pixel.

[0105] A user can check whether the data value of the
white sub-pixel of the overloaded pixel is adjusted, by
measuring brightness of a frame or brightness of a pixel
constituting a frame through brightness measuring means,
such as a brightness camera. Specifically, in a case where, if
a still image is input, the data value of the white sub-pixel
is not adjusted to a value corresponding to an RGB data
value, the same brightness value will be measured with
respect to a frame, an overloaded pixel, or each of sub-pixels
constituting the overloaded pixel. In a case where, if a still
image is input, the data value of the white sub-pixel is
adjusted, and the data value of the red sub-pixel, the data
value of the green sub-pixel, and the data value of the blue
sub-pixel are adjusted to a value corresponding to the
adjusted data value, according to the present embodiment,
different brightness values will be measured with respect to
the frame, the overloaded pixel, or each of sub-pixels
constituting the overloaded pixel.

[0106] Also, according to the present embodiment, since it
is possible to measure the data values of the sub-pixels
constituting the overloaded pixel if a still image is input, the
user can check that the data value of the red sub-pixel, the
data value of the green sub-pixel, and the data value of the
blue sub-pixel have been adjusted by a value corresponding
to the adjusted data value of the white sub-pixel. According
to another embodiment, if a data value of a pixel detected as
an overloaded pixel is changed according to frame change
and is then returned to its original value, a compensation
operation may be again performed.

[0107] FIG. 8 is a diagram for describing an example in
which, if a data value of a pixel detected as an overloaded
pixel is changed according to frame change and is then
returned to its original value, a compensation operation is
again performed, according to an embodiment.

[0108] In FIG. 8, it is assumed that an overloaded pixel
810isin a state in which a compensation operation as in step
S511 of FIG. 2 is being performed. Number “4” expressed
on the overloaded pixel 810 may represent that the data
values of the pixel 810 in four frames are equal. In this state,
the data value of the overloaded pixel 810 may be changed
according to image change. That is, as illustrated in FIG. 8,
the data value of the overloaded pixel 810 may be changed
to different values three times according to image change.
Thereafter, if the data value of the overloaded pixel 810 is
returned to it’s original value, the timing controller 130 may
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adjust the data value of the overloaded pixel 810 to a WRGB
value corresponding to an RGB data value. According to an
embodiment, if the data value of the overloaded pixel 810 is
changed for a predetermined period of time or is changed a
predetermined number of times or less times, which corre-
sponds to the number of frames, or less, and is then returned
to its original value, the timing controller 130 may again
perform an existing compensation operation.

[0109] Ifastill image 830 is displayed on the display panel
110 as illustrated in FIG. 8, there may be a case where a
pointer 850 is superimposed on the still image 830 and is
moved. That is, although the overloaded pixel 810 is
detected due to the still image 830, the data value of the
overloaded pixel 810 may be changed due to movement of
the pointer 850. Since the still image 830 is continued after
the pointer 850 has passed through the overloaded pixel 810,
the pixel 810 detected as an overloaded pixel is again
overloaded. If the data value of the overloaded pixel 810 is
changed for a predetermined period of time or is changed a
predefined number of times or less times, which corresponds
to the number of frames, and is then returned to its original
value, the compensation operation may be again performed.
Accordingly, although a specific pixel is overloaded due to
the display of a still image in the OLED display device 10,
it is possible to reduce the number of executions of a process
of repeatedly detecting a corresponding pixel as an over-
loaded pixel, which may be caused by a temporary event,
such as movement of a pointer.

[0110] According to another embodiment, the OLED dis-
play device 10 may make timings for adjusting a WRGB
data value of the overloaded pixel different from one another
in order to prevent a flicker.

[0111] FIGS. 9 to 11 are diagram for describing examples
of making timings for adjusting WRGB data values of
overloaded pixels different from one another, in order to
prevent a flicker according to an embodiment.

[0112] Ifthe data value of the overloaded pixel is suddenly
changed, a flicker phenomenon where the display panel 110
is flickered may be generated. Therefore, the timing con-
troller 130 may make timings at which the data value of the
overloaded pixel is adjusted different from each other.

[0113] The following description will be given under the
assumption that four pixels 910 to 940 are overloaded pixels
in FI1G. 9, and the MAX white rendering method described
with reference to FIG. 6 and the MIN white rendering
method descried with reference to FIG. 7 are repeatedly
performed on each of the overloaded pixels.

[0114] The timing controller 130 may make timings for
adjustment of data values of pixels different from one
another in the unit of four pixels. The timing controller 130
applies a time difference with respect to the four overloaded
pixels 910 to 940, preventing the same rendering from being
performed on the four overloaded pixels at the same timing.
Referring to FIG. 9, the timing controller 130 may adjust a
data value of the first overloaded pixel 910 by applying the
MAX white rendering method to the first overloaded pixel
910. After a period of time t1 elapses, the timing controller
130 may adjust a data value of the second overloaded pixel
920 by applying the MAX white rendering method to the
second overloaded pixel 920. That is, before the period of
time t1 elapses, the MIN white rendering method is applied
to the second overloaded pixel 920, and the data value is
adjusted.
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[0115] Similarly, the timing controller 130 may apply the
MAX white rendering method to the third overloaded pixel
930 and the fourth overloaded pixel 940 sequentially as the
period of time tl1 elapses, thus adjusting the data values
thereof. While the MAX white rendering method is being
performed on the first overloaded pixel 910, the second
overloaded pixel 920, and the third overloaded pixel 930, the
MIN white rendering method may be performed on the
fourth overloaded pixel 940. The reason for this is that a
flicker may occur if the same rendering method is performed
on all the four pixels.

[0116] As described above, the timing controller 130 may
make driving timings different from one another in the unit
of four pixels. Accordingly, a user cannot recognize the
flicker which may occur if the data value of an overloaded
pixel is suddenly changed.

[0117] Next, details will be described with reference to
FIG. 10.
[0118] The following description will be given under the

assumption, that four pixels 910 to 940 are overloaded pixels
in FIG. 10, and the MAX white rendering method described
with reference to FIG. 6 and the MIN white rendering
method described with reference to FIG. 7 are changed in
phases with respect to the overloaded pixels.

[0119] The timing controller 130 may adjust data values of
white sub-pixels respectively included in the four detected
pixels 910 to 940 with a time difference. The timing con-
troller 130 may perform adjustment so as to gradually
increase and then decrease a data value of a white sub-pixel
in a specific range with a time difference with respect to the
overloaded pixels. For example, the timing controller 130
may increase the white data value in the specific range from
the minimum to the maximum so as to have a predetermined
slope, with respect to the first overloaded pixel 910. The
timing controller 130 may gradually increase the white data
value in the specific range from the minimum to the maxi-
mum with respect to the second overloaded pixel 920, the
third overloaded pixel 930, and the fourth overloaded pixel
940 sequentially with a time difference of the predetermined
period of time t1. If the white data value in the specific range
becomes the maximum with respect to each of the over-
loaded pixels, the white data value may be gradually
decreased to the minimum.

[0120] If a variation amount in the data value of each of
the overloaded pixel is large, in the unit of frames, the flicker
may occur. Therefore, the timing controller 130 gradually
adjust the data value of each of the overloaded pixels with
a time difference with respect to the overloaded pixels in
order to suppress occurrence of the flicker.

[0121] Next, details will be described with reference to
FIG. 11.
[0122] The following description will be given under the

assumption that four pixels 910 to 940 are overloaded pixels
in FIG. 11 and the MAX white rendering method described
with reference to FIG. 6 and the MIN white rendering
method described with reference to FIG. 7 are changed in
phases with respect to the overloaded pixels.

[0123] The embodiment of FIG. 11 is basically similar to
the embodiment of FIG. 10 but differs from the embodiment
of FIG. 10 in that an adjustment period of the data value of
the white sub-pixel may be changed based on compensation
values of sub-pixels included in the overloaded pixel.
[0124] In FIG. 11, a rendering method for the first over-
loaded pixel 910 may be a method applied based on a
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sub-pixel of which the compensation value is the largest,
from among a red sub-pixel, a green sub-pixel, and a blue
sub-pixel.

[0125] A rendering method for the second overloaded
pixel 920 is a method applied if a compensation value of any
one of a red sub-pixel, a green sub-pixel, and a blue
sub-pixel is equal to or greater than a preset value.

[0126] A rendering method for the third overloaded pixel
930 is a method applied if a compensation value of a white
sub-pixel is greater than compensation values of other
sub-pixels.

[0127] A rendering method for the fourth overloaded pixel
940 is a method applied if the compensation values of the
sub-pixels are all equal.

[0128] The timing controller 130 may gradually increase a
white data value in a specific range from the minimum to the
maximum during a period of time t11, and then decrease the
white data value from the maximum to the minimum during
aperiod of time t12, with respect to the first overloaded pixel
910. In this case, the period of time t11 may be longer than
the period of time t12. The period of time t11 during which
the data value of the white sub-pixel is increased from the
minimum to the maximum may be longer than the period of
time t12 during which the data value of the white sub-pixel
is decreased from the maximum to the minimum.

[0129] The timing controller 130 may gradually increase a
white data value in a specific range from the minimum to the
maximum during a period of time 121, and then decrease the
white data value from the maximum to the minimum during
a period of time t22, with respect to the second overloaded
pixel 920. In this case, the period of time t21 may be longer
than the period of time t22. Also, the period of time t21 may
be longer than the period of time t11, and the period of time
122 may be shorter than the period of time t21. The period
of time T21 during which the data value of the white
sub-pixel is increased from the minimum to the maxinum
may be longer than the period of time t11, and the period of
time T22 during which the data value of the white sub-pixel
is decreased from the maximum to the minimum may be
shorter than the period of time t11.

[0130] The timing controller 130 may gradually increase a
white data value in a specific range from the minimum to the
maximum during a period of time 31, and then decrease the
white data value from the maximum to the minimum during
a period of time 22, with respect to the third overloaded
pixel 930. In this case, the period of time t31 may be shorter
than the period of time t11. Also, the period of time t31 may
be shorter than the period of time t32, and the period of time
32 may be longer than the period of time t12. The period of
time T31 during which the data value of the white sub-pixel
is increased from the minimum to the maximum may be
shorter than the period of time t11, and the period of time
T32 during which the data value of the white sub-pixel is
decreased from the maximum to the minimum may be
longer than the period of time t11.

[0131] The timing controller 130 may gradually increase a
white data value in a specific range from the minimum to the
maximum during a period of time t41, and then decrease the
white data value from the maximum to the minimum during
a period of time t22, with respect to the fourth overloaded
pixel 940. In this case, the period of time t41 may be equal
to the period of time t41. Also, the period of time t41 may
be shorter than the period of time t11, and the period of time
t42 may be longer than the period of time t12. That is, the
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compensation values of the sub-pixels are all equal, the
period of time taken to increase the white data value from
the minimum to the maximum may be equal to the period of
time taken to decrease the white data value from the maxi-
mum to the minimum.

[0132] As described above, the timing controller 130 may
adjust a period during which the white data value is
increased from the minimum to the maximum and a period
during which the white data value is decreased from the
maximum to the minimum according to degrees of compen-
sation values of sub-pixels constituting an overloaded pixel.
[0133] If a variation amount in the data value of each
overloaded pixel is large, in the unit of frames, the flicker
may occur. The timing controller 130 may adjust a period
during which the white data value is increased from the
minimum to the maximum and a period during which the
white data value is decreased from the maximum to the
minimum according to degrees of compensation values of
sub-pixels in each overloaded pixel, in order to suppress
occurrence of the flicker. FIG. 12A s a diagram for describ-
ing an existing RGB-based OLED structure, and FIG. 12B
is a diagram for describing a WRGB-based OLED structure
according to an embodiment.

[0134] Referring to FIG. 12A, the RGB-based OLED
structure may be formed by horizontally depositing RGB
organic material for each pixel. Since it is necessary to turn
on all red, green, and blue sub-pixels in order to express
white in the RGB-based OLED structure, durability of a
display panel is not good. Also, efliciency thereof is not
good. Therefore, as a large-screen display panel is manu-
factured, the cost thereof increases.

[0135] Referring to FIG. 12B, the WRGB-based OLED
structure may be formed by vertically depositing RGB
organic material. The WRGB-based OLED structure may be
configured in such a way that one unit pixel has white, red,
green, and blue sub-pixels. Due to this, the WRGB-based
OLED structure enables expression of more intense and
brighter colors, compared to the existing RGB-based OLED
structure, Furthermore, the WRGB-based OLED structure
can provide a wide viewing angle with very little loss in
image quality if viewed at any position through a color filter
which evenly disperses light emitted by sub-pixels by again
filtering the light.

[0136] Also, since the WRGB-based OLED structure
directly implements a white color, the WRGB-based OLED
structure is advantageous than RGB-based OLED structure
in terms of power consumption, and the lifespan of the
sub-pixels.

[0137] The OLED display device 10 described with ref-
erence to FIGS. 1 to 11 has the WRGB-based OLED
structure in FIG. 12B.

[0138] According to the embodiments of the present dis-
closure, it is possible to adjust a data value of a red sub-pixel,
a data value of a green sub-pixel, and a data value of a blue
sub-pixel to be dependent on the adjustment of a data value
of a white sub-pixel constituting an overloaded pixel,
thereby achieving distribution of a load concentrated on a
specific pixel, without a change in colors. That is, in the case
of the RGB-based method, there is a problem that colors
themselves are changed if data values of a red sub-pixel, a
green sub-pixel, and a blue sub-pixel are adjusted in order to
reduce an overload on a specific sub-pixel. However;
according to the WRGB-based method of the present dis-
closure, if a data value of a red sub-pixel, a data value of a
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green sub-pixel, and a data value of a blue sub-pixel are
adjusted to be dependent on the adjustment on a data value
of a white sub-pixel, RGB input data is converted into the
same output data, thereby achieving distribution of a load
concentrated on a specific sub-pixel and therefore, prevent-
ing degradation of the specific sub-pixel.

[0139] According to an embodiment, the above-described
method may also be embodied as processor readable codes
on a program-recorded medium. Examples of the processor
readable medium are a ROM, a RAM, a CD-ROM, a
magnetic tape, a floppy disk, and an optical data storage
device, and the method is also implemented in the form of
a carrier wave (such as data transmission through the
Internet).

[0140] The above-described display device is not limited
to the configuration and method of described embodiments,
and some or all of the embodiments may also be selectively
combined so that various variations may be implemented.

What is claimed is:

1. An organic light emitting diode (OLED) display device,
comprising:

a display panel configured to display an image inputted
from an outside, wherein the display panel includes a
plurality of pixels each having a red sub-pixel, a green
sub-pixel, a blue sub-pixel, and a white sub-pixel; and

a controller configured to:

obtain a second red data value, a second green data value,
a second blue data value, and a white data value based
on a first red data value, a first green data value, and a
first blue data value of the image inputted from the
outside, and

apply the second red data value to the red sub-pixel, the
second green data value to the green sub-pixel, the
second blue data value to the blue sub-pixel, and the
white data value to the white sub-pixel,

wherein the controller is further configured to adjust the
white data value if a same data value is applied to at
least one of the red, green, blue, and white sub-pixels
for a predetermined time.

2. The OLED display device of claim 1, wherein the
controller adjusts the second red data value, the second
green data value, and the second blue data value, based on
the adjusted white data value.

3. The OLED display device of claim 2, wherein the
controller adjusts the second red data value, the green data
green, and the second blue data value by a value correspond-
ing to the adjusted white data value.

4. The OLED display device of claim 1, wherein, if the
white data value is returned to its original white data value
within a predetermined period of time after the white data
value is adjusted, the controller applies the original white
data value to the white sub-pixel.

5. The OLED display device of claim 1, wherein, if any
one of the second red data value, the second green data
value, and the second blue data value is 0, the controller
decreases data values of other sub-pixels that are not 0 by a
predetermined ratio.

6. The OLED display device of claim 1, wherein, if the
second red data value, the second green data value, and the
second blue data value are not 0, the controller adjusts the
white data value.

7. The OLED display device of claim 1, wherein the
controller adjusts the white data value in a specific range
based on a data value of a sub-pixel of which a compensa-



US 2017/0270843 A1

tion value for compensating for degradation characteristics
is the largest, from among the sub-pixels.

8. The OLED display device of claim 7, wherein the
controller adjusts the white data value to a maximum in the
specific range if the sub-pixel of which the compensation
value is the largest is the blue sub-pixel, and

adjusts the white data value to a minimum in the specific

range if the sub-pixel of which the compensation value
is the largest is the white sub-pixel.

9. The OLED display device of claim 1, wherein the
controller adjusts the white data value with a time difference
with respect to pixels in which the same data value is applied
to at least one of red, green, blue, and white sub pixels for
a predetermined period of time, in a periodic manner with
respect to the pixels, in a case of adjusting the white data
value to a maximum or a minimum in a specific range.

10. The OLED display device of claim 1, wherein, if the
same data value is applied to a predetermined percentage or
more of the plurality of pixels for a predetermined period of
time, the controller adjusts the white data value.

11. A method of operating an organic light emitting diode
(OLED) display device, comprising:

displaying an image inputted from an outside through a

display panel including a plurality of pixels, each
having a red sub-pixel, a green sub-pixel, a blue
sub-pixel, and a white sub-pixel;

obtaining a second red data value, a second green data

value, a second blue data value, and a white data value
based on a first red data value, a first green data value,
and a first blue data value of the image inputted from
the outside;

applying the second red data value to the red sub-pixel,

the second green data value to the green sub-pixel, the
second blue data value to the blue sub-pixel, and the
white data value to the white sub-pixel; and

if a same data value is applied to at least one of the red,

green, blue, and white sub-pixels for a predetermined
period of time, adjusting the white data value.

12. The method of claim 11, wherein the adjusting of the
data value of the white sub-pixel comprises adjusting the
second red data value, the second green data value, and the
second blue data value based on the adjusted white data
value.

13. The method of claim 12, wherein the adjusting of the
second red data value, the second green data value, and the
second blue data value based on the adjusted white data
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value comprises adjusting the second red data value, the
second green data value, and the second blue data value by
a value corresponding to the adjusted white data value.
14. The method of claim 11, wherein the adjusting of the
white data value further comprises, if the white data value is
then returned to its original white data value within a
predetermined period of time after the white data value is
adjusted, applying the original white data value to the white
sub-pixel.
15. The method of claim 11, wherein the adjusting of the
white data value comprises, if any one of the second data
value, the second green data value, and the second blue data
value is not 0, decreasing data values of other sub-pixels that
are not 0 by a predetermined ratio.
16. The method of claim 11, wherein the adjusting of the
white data value comprises, if the second red data value, the
second green data value, and the second blue data value are
not 0, adjusting the white data value.
17. The method of claim 11, wherein the adjusting of the
white data value comprises adjusting the white data value in
a specific range based on a data value of a sub-pixel of which
a compensation value for compensating for degradation
characteristics is the largest, from among the sub-pixels.
18. The method of claim 17, wherein the adjusting of the
white data value comprises
adjusting the white data value to a maximum in the
specific range if the sub-pixel of which the compensa-
tion value is the largest is the blue sub-pixel, and

adjusting the white data value to a minimum in the
specific range if the sub-pixel of which the compensa-
tion value is the largest is the white sub-pixel.

19. The method of claim 11, wherein the adjusting of the
white data value comprises adjusting the white data value
with a time difference with respect to pixels in which the
same data value is applied to at least one of red, green, blue,
and white sub pixels for a predetermined period of time, in
a periodic manner with respect to the pixels, in a case of
adjusting the white data value to a maximum or a minimum
in a specific range.

20. The method of claim 11, wherein the adjusting of the
white data value comprises, if the same data value is applied
to a predetermined percentage or more of the plurality of
pixels for a predetermined period of time, adjusting the
white data value.
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