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ORGANIC LIGHT EMITTING DISPLAY
DEVICE AND DRIVING METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2015-0009463,
filed on Jan. 20, 2015, and entitled, “Organic Light Emitting
Display Device and Driving Method Thereof,” is incorpo-
rated by reference herein in its entirety.

BACKGROUND

[0002] 1.Field

[0003] Oneormore embodiments described hereinrelate to
an organic light emitting display device and a method for
driving an organic light emitting display device.

[0004] 2. Description of the Related Art

[0005] Various types of flat panel displays have been devel-
oped. Examples include liquid crystal displays, field emission
displays, plasma display panels, and organic light emitting
devices. Of these, organic light emitting displays have fast
response speed, low power consumption, excellent brightness
and color purity, and are thin and light weight, and thus are
suitable for use in various type of devices.

[0006] An organic light emitting display generates images
using organic light emitting diodes (OLEDs). Each OLED
emits light from a corresponding pixel based on the recom-
bination of electrons and holes in an emission layer. The
brightness of the light is controlled based on current from a
pixel circuit. The pixel circuit controls the current based on an
applied data voltage.

[0007] However, the pixels of an organic light emitting
display may not be able to display images of a desired bright-
ness due to degradation of their OLEDs. This degradation
may take place over time and may cause the brightness of
emitted light to vary among pixels even when a same data
signal is applied.

SUMMARY

[0008] In accordance with one embodiment, an organic
light emitting display device includes a display panel includes
a plurality of pixels including an organic light emitting
devices to emit light based on data currents corresponding to
data voltages; a storage area to store accumulated data of the
pixels; a degradation compensator to determine degrees of
degradation of the pixels based on the accumulated data,
select a flat up mode or a flat down mode, select a reference
pixel based on the selected mode, generate ratios of a maxi-
mum emission brightness of the reference pixel to a maxi-
mum emission brightness of the pixels as first coefficients,
and generate modulated data for the pixels using the first
coefficients and margin ratios; and a panel driver to transform
the modulated data to the data voltages, add the modulated
data to the accumulated data, and store the accumulated data
in the storage area.

[0009] The degradation compensator may include a refer-
ence pixel determiner to select a least degraded pixel or a most
degraded pixel as the reference pixel based on the selected
mode; a coefficient calculator to calculate ratios of the maxi-
mum emission brightness of the reference pixel to the maxi-
mum emission brightness of the pixels as first coefficients;
and a data modulator to generate the modulated data for the
pixels in correspondence to the first coefficients.
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[0010] When the selected mode is the flat up mode, the
reference pixel determiner may determine the least degraded
pixel as the reference pixel, and the data modulator may
generate first modulated data for the pixels to increase bright-
ness of the pixels in correspondence to the first coefficient.
When the operation mode is the flat down mode, the reference
pixel determiner may determine the most degraded pixel as
the reference pixel, and the data modulator may generate
second modulated data for the pixels to decrease brightness of
the pixels in correspondence to the first coeflicient.

[0011] The degradation compensator may include an
operation mode determiner to change the selected mode from
the flat up mode to the flat down mode when a greatest first
coeflicient of the pixels is equal to or greater than a pre-set
critical value.

[0012] When the selected mode is the flat down mode, the
coefficient calculator may calculate second coefficients for
uniformly increasing brightness of the pixels, and the data
modulator may generate third modulated data for the pixels
based on the first coefficients, the second coefficients, and the
second modulated data. The second coefficients may
decrease over time. The brightness of the pixels may increase
when the selected mode is the flat up mode. The brightness of
the pixels may decrease when the selected mode is the flat
down mode.

[0013] Inaccordance withone or more other embodiments,
amethod for driving an organic light emitting display device
includes accumulating data input to a plurality of pixels and
storing the accumulated data; determining degrees of degra-
dation of the pixels based on the accumulated data; selected a
flat up mode or a flat down mode based on the degrees of
degradation of the pixels; selecting a reference pixel based on
the selected mode; generating ratios of a maximum emission
brightness of the reference pixel to a maximum emission
brightness of the pixels as first coefficients and generating
modulated data to be supplied to the pixels based on the first
coefficients and margin ratios; and supplying the modulated
data to the pixels.

[0014] Themethod may include adding the modulated data
to the accumulated data of the corresponding pixels and stor-
ing the accumulated data. Generating the modulated data may
include calculating ratios of the maximum emission bright-
ness of the reference pixel to the maximum emission bright-
ness of the respective pixels as the first coefficients of the
pixels, and generating the modulated data for the pixels in
correspondence to the first coefficients.

[0015] Selecting the reference pixel may include selecting
a least degraded pixel or a most degraded pixel as the refer-
ence pixel based on the selected mode. Selecting the refer-
ence pixel may include selecting the reference pixel as the
least decreased pixel when the selected mode is the flat up
mode, and generating the modulated data may include gen-
erating first modulated data to increase brightness of the
pixels in correspondence to the first coefficient.

[0016] Selecting the reference pixel may include selecting
the most degraded pixel as the reference pixel when the
selected mode is the flat down mode, and generating the
modulated data may include generating second modulated
data for the pixels to decrease brightness of the pixels in
correspondence to the first coefficient.

[0017] The method may include generating third modu-
lated data for the pixels based on the first coefficients, the
second coeflicients, and the second modulated data. The sec-
ond coefficients may decrease over time. The method may
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include changing from the flat up mode to the flat down mode
when a greatest first coefficient for the pixels is equal to or
greater than a pre-set critical value.

[0018] Inaccordance with one or more other embodiments,
an apparatus includes a degradation compensator to deter-
mine degrees of degradation of a plurality of pixels based on
data accumulated for the pixels, select a flat up mode or a flat
down mode, select a reference pixel based on the selected
mode, generate ratios of a predetermined emission brightness
of the reference pixel to a predetermined emission brightness
of the pixels as first coefficients, and generate modulated data
for the pixels using the first coefficients and margin ratios; and
a panel driver to transform the modulated data to the data
voltages, add the modulated data to the accumulated data, and
store the accumulated data in a storage area. The predeter-
mined emission brightness may be a maximum emission
brightness.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] Features will becomeapparent to those of skill in the
art by describing in detail exemplary embodiments with ref-
erence to the attached drawings in which:

[0020] FIG. 1 illustrates an embodiment of a pixel circuit;
[0021] FIG. 2 illustrates an example of a change in bright-
ness that may occur in an organic light emitting diode over
time;

[0022] FIG. 3 illustrates an embodiment of an organic light
emitting display;

[0023] FIG. 4illustrates an embodiment of an internal con-
figuration of the organic light emitting display device;
[0024] FIG. 5 illustrates according to an embodiment; a
degradation compensation unit;

[0025] FIG. 6 illustrates an example of a change in bright-
ness of the organic light emitting display device over time;
[0026] FIGS. 7A and 7B illustrate examples of brightness
compensation in a flat down mode;

[0027] FIG. 8 illustrates an embodiment of a method for
driving an organic light emitting display device;

[0028] FIG. 9 illustrates another embodiment of a method
for driving an organic light emitting display device; and
[0029] FIG. 10 illustrates another embodiment of a method
for driving an organic light emitting display device.

DETAILED DESCRIPTION

[0030] Example embodiments are described more fully
hereinafter with reference to the accompanying drawings;
however, they may be embodied in different forms and should
not be construed as limited to the embodiments set forth
herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully
convey exemplary implementations to those skilled in the art.
The embodiments may be combined to form additional
embodiments. Like reference numerals refer to like elements
throughout.

[0031] FIG. 1illustrates an embodiment of a pixel circuit of
an organic light emitting display device. Referring to FIG. 1,
the pixel includes a pixel circuit and an organic light emitting
diode OLED.

[0032] Thepixel circuit includes a driving transistor T1 and
a switching transistor T2. The switching transistor T2
includes a first electrode for receiving a data signal from a
data line DL and a second electrode that is connected to a first
electrode of the driving transistor T1. The driving transistor
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T1 receives the data signal from the switching transistor T2
and outputs a driving current IEL corresponding to the
received data signal to the organic light emitting diode
OLED. Furthermore, the first electrode of the driving transis-
tor T1 receives a driving voltage ELVDD, and a second elec-
trode of the driving transistor T1 is connected to an anode
electrode of the organic light emitting diode OLED. A gate
electrode of the switching transistor T2 may be connected to
a scan line SL that supplies a scan signal for transmitting the
data signal to the driving transistor T1.

[0033] The pixel circuit includes a storage capacitor Cst
having a first electrode to receive the driving voltage ELVDD
and a second electrode connected to a gate electrode of the
driving transistor T1.

[0034] The organic light emitting diode OLED emits light
atabrightness corresponding to the driving current IEL trans-
mitted from the driving transistor T1. The organic light emit-
ting diode OLED has a cathode electrode connected to a line
that supplies a second driving voltage ELVSS. The second
driving voltage ELVSS may be a reference voltage, and the
reference voltage may be a ground voltage.

[0035] If the organic light emitting diode OLED is
degraded, the organic light emitting diode OLED may not be
able to emit light at a desired brightness, even if a driving
voltage of a same magnitude as a driving voltage applied
before degradation is applied by the driving transistor T1.
This may also be the case for pixel circuits have other struc-
tures, e.g., ones including a different number of transistors
and/or capacitors.

[0036] FIG. 2isa graphillustrating an example of a change
in brightness that may take place in one type of organic light
emitting diode (OLED) over time. Referring to FIG. 2, deg-
radation of the OLED may accelerate as a driving time
increases. Thus, a brightness characteristic gradually
decreases, e.g., brightness degradation and brightness devia-
tion may occur due to degradation of the OLED.

[0037] Forexample, if an OLED that emits light at a bright-
ness of 300 nit when a current of 1 flows is degraded, the
OLED emits light at a brightness lower than 300 nit when a
current of 11 flows. The phenomenon may also occur when a
data voltage of a particular magnitude is applied to a pixel
including an OLED. Therefore, even if voltages or currents of
a same magnitude are applied to a pixel including a less-
degraded OLED and a pixel including a more-degraded
OLED, the brightness of light emitted by the pixels may be
different from each other.

[0038] Inaccordance with one embodiment, to achieve uni-
form brightness in a display panel with a plurality of pixels
having different degrees of degradation, a current or a voltage
greater than an originally required current or voltage may be
applied to pixels having a relatively higher degree of degra-
dation.

[0039] FIG. 3 illustrates an embodiment of'an organic light
emitting display device 100 which includes a display panel
110, a storage unit 120, a degradation compensation unit 130,
and a panel driving unit 140. The display panel 110 includes
a plurality of pixels, each of which includes an organic light
emitting device that emits light based on a data current gen-
erated according to a data voltage.

[0040] Each pixel may display one color from among ared
color, a green color, and a blue color. In one embodiment, a
pixel displaying a red color, a pixel displaying a green color,
and a pixel displaying a blue color may be sequentially and
alternately arranged. The emitted colors of light may combine
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to be recognized as a single color of light. In another embodi-
ment, the pixels may include a red pixel, a green pixel, a blue
pixel, and a white pixel that are adjacent to one another.

[0041] Inoneexample, each pixel includes an organic light
emitting device. When data signals of highest grayscale val-
ues are respectively applied to the red, green, and blue pixels
and the organic light emitting devices emit lights, red light,
green light, and blue light are emitted and mix with one
another to form white light. When data signals of high gray-
scale values are respectively applied to the red and green
pixels and a low grayscale value is applied to the blue pixel,
the red and green light may mix with the blue light to form
yellow-based light.

[0042] The pixels may be arranged at intersections of scan
lines arranged in rows and data lines arranged columns of the
display panel 110. Each pixel receives a scan signal and a data
signal from corresponding ones of the scan lines and the data
lines.

[0043] Thestorage unit 120 accumulates and stores data for
input to respective pixels. The data may be grayscale data
corresponding to magnitudes of data voltages to be applied to
the pixels. For example, an 8-bit driving panel may display
grayscale values from 0 to 255. The grayscale value of 0 may
correspond to the color black and accumulated data thereof
corresponds to 0. The grayscale value 0f 255 may correspond
to the color white and accumulated data thereof corresponds
to 255.

[0044] Therefore, data accumulated at a pixel, to which
data corresponding to grayscale value of 0 is continuously
input for a designated time period, has a value less than that of
data accumulated at a pixel to which data corresponding to
grayscale 255 is continuously input for the time period.

[0045] The storage unit 120 may accumulate and store data
respectively input to the pixels and may continue to accumu-
lateand store data as long as the organic light emitting display
device is being driven.

[0046] The accumulated data may be used as an index for
determining degradation of an organic light emitting device
in a corresponding pixel. For example, an organic light emit-
ting device in a pixel having a large value of accumulated data
may be considered to have on average emitted light of higher
brightness. Thus, this organic light emitting device may
therefore be more degraded than an organic light emitting
device having a smaller value of accumulated data.

[0047] The degradation compensation unit 130 determines
the degrees of degradation of the pixels based onaccumulated
data of the pixels and selects one of a plurality of operation
modes based on the degrees of degradation. The degree of
degradation of a pixel as determined by the degradation com-
pensation unit 130 may refer to the degree of degradation of
an organic light emitting device in a corresponding pixel and
may be determined, for example, based on a relative degree of
degradation.

[0048] The operation modes may include a flat up mode
and a flat down mode. The flat up mode is a mode for per-
forming upward compensation of the brightness of pixels,
other than a least degraded pixel. The flat up mode may
therefore refer to compensation for increasing the brightness
of pixels other than the reference pixel. The flat down mode is
a mode for performing downward compensation of the
brightness of pixels, other than a most degraded pixel. The flat
down mode may therefore refer to compensation for increas-
ing the brightness of pixels other than a reference pixel. As a
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result, the overall display panel may become brighter in the
flat up mode, whereas the overall display panel may become
darker in the flat down mode.

[0049] The degradation compensation unit 130 selects a
reference pixel with respect to the operation mode, generates
a ratio between the maximum emission brightness of the
reference pixel and the maximum emission brightness of the
pixels as first coeflicients, and generates modulated data
using the first coefficients and margin ratios. In another
embodiment, the degradation compensation unit 130 may
generate the ratio between a predetermined emission bright-
ness of the reference pixel and a predetermined brightness of
the pixels where the predetermined emission brightness is
value different from maximum emission brightness.

[0050] The reference pixel is determined based on the
operation mode. In one embodiment, the least degraded pixel
or the most degraded pixel may be determined as the refer-
ence pixel. Since compensation is performed to increase
brightness of pixels in the flat up mode, the brightest pixel
(e.g., the least degraded pixel) may be determined as a refer-
ence pixel. Since compensation is performed to decrease
brightness of pixels in the flat down mode, the darkest pixel
(e.g., the most degraded pixel) may be determined as a refer-
ence pixel.

[0051] The first coefficients may correspond to ratios of
degrees of degradation of pixels other than a reference pixel to
the reference pixel. A pixel determined as a reference pixel in
the flat up mode may be the least degraded pixel. The first
coefficient is a ratio of the maximum emission brightness of
the reference pixel to the maximum emission brightness of an
arbitrary pixel from among pixels that are more degraded than
the reference pixel.

[0052] For example, in the flat up mode, if the maximum
emission brightness of a reference pixel is 260 nit and the
maximum emission brightness of a first pixel from among the
plurality of pixels is 250 nit, the first coefficient of the first
pixel is 1.04.

[0053] The degradation compensation unit 130 generates
modulated data to be supplied to the pixels using the first
coefficients calculated as described above and margin ratios.
Since a reference pixel is a reference regarding other pixels
for degradation-compensation, data supplied by a system
may be supplied to the reference pixel without modification.
The system may be, for example, any kind of graphics driver
which supplies graphic data to pixels. Pixels to which the
modulated data is supplied may be pixels other than the
reference pixel.

[0054] Inone example, the first coefficient of the first pixel
is 1.04. This value indicates that the first pixel is degraded by
1.04 times the degree of degradation of the reference pixel.
The degradation compensation unit 130 may generate modu-
lated data to be supplied to a corresponding pixel based on the
first coefficient. For example, since the first coefficient of the
first pixel is 1.04, a data voltage that is 1.04 times greater than
data supplied by the system may be supplied to the first pixel.
The degradation compensation unit 130 may generate modu-
lated data corresponding to the data voltage to be supplied to
the first pixel.

[0055] Inanother embodiment, the degradation compensa-
tion unit 130 may generate modulated data based on data
voltages to be supplied to respective pixels using a look-up
table. The look-up table may store relationships between first
coefficients and modulated data.
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[0056] Because there is a limit to increasing the brightness
of respective pixels in the flat up mode, margin rates may be
determined to be values related to the limit. For example, if it
is assumed that the actual maximum emission brightness of
respective pixels in a display panel including organic light
emitting devices is 100%, 90% brightness may be set as the
maximum emission brightness in the system. In a display
panel configured as described above, pixels may actually emit
brighter light, but the respective pixels may be set to normally
emit light up to 90% of the actual maximum brightness.
[0057] As aresult, degraded pixels may be compensated to
emit brighter light in the flat up mode. However, degradation
compensation may be performed within a designated margin
ratio. For example, if the plurality of pixels are configured to
have margin ratio of 10%, brightness of corresponding pixels
may not be sufficiently compensated with respect to first
coefficients exceeding 1.1. Therefore, ifthe first coefficient of
an arbitrary pixel exceeds 1.1, the first coefficient of the pixel
may be determined as 1.1 and modulated data corresponding
to the first coefficient of 1.1 may be generated.

[0058] Referring to FIG. 3, the panel driving unit 140
includes a data driver and a gate driver. The pixels in the
display panel 110 may be respectively arranged at intersec-
tions between gate lines in rows and a data lines arranged in
columns of the display panel 110. Each pixel receives a gate
signal and a data signal from the gate lines and the data lines.
[0059] Based on a data control signal, the data driver sup-
plies data signals corresponding to input data to the pixels via
data lines. Furthermore, the gate driver receives a gate control
signal and generates gate signals. The gate driver supplies the
gate signals to the pixels via the gate lines, and pixels may be
selected by row based on the gate signal and the data signals.
[0060] Thepanel driving unit 140 may transform the modu-
lated data into the data voltage, add the modulated data to
accumulated data of corresponding pixels, and store the accu-
mulated data in the storage unit 120. These operations may be
performed, for example, by a data driver.

[0061] Datavoltages input into the pixels may be generated
from input data supplied, for example, from an external sys-
tem or a graphic card. The panel driving unit 140 may gen-
erate data voltages corresponding to the input data for input
into respective ones of the pixels.

[0062] For a degraded pixel to emit a light of a particular
brightness, a larger data voltage may be applied to the pixel
than a data voltage applied to the pixel before degradation has
occurred. In this latter case, the data voltage may correspond
to input data. For a degraded pixel to emit a light of a desired
brightness, data corresponding to brightness higher than the
desired brightness may be input. Therefore, the modulated
data may correspond to input data of a brightness higher than
the desired brightness.

[0063] When modulated data is generated by the degrada-
tion compensation unit 130 and is input to the panel driving
unit 140, the panel driving unit 140 generates data voltages
and supplies the data voltages to respective pixels. Next, the
panel driving unit 140 accumulates the modulated data as
accumulated data of corresponding pixels and stores the
accumulated data in the storage unit 120, so that degrees of
degradation of pixels may be determined based on the actual
data supplied to the corresponding pixels.

[0064] FIG. 4illustrates an embodiment of an internal con-
figuration of the organic light emitting display device in FIG.
3. The storage unit 120 receives input data from an external
system or a graphics card and stores data accumulated at
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pixels corresponding to the received input data. Next, the
storage unit 120 receives modulated data generated by the
degradation compensation unit 130, adds the received modu-
lated data to accumulated data of corresponding pixels, and
store the accumulated data.

[0065] The panel driving unit 140 receives input data or
modulated data from the degradation compensation unit 130,
generates data voltages corresponding to the received input
data or modulated data, and supplies the data voltage to a
display panel.

[0066] The degradation compensation unit 130 includes a
reference pixel determining unit 131, a coefficient calculating
unit 132, and a data modulating unit 133. The reference pixel
determining unit 131 selects the least degraded pixel or the
most degraded pixel from among the pixels as a reference
pixel based on the operation mode. The reference pixel deter-
mining unit 131 selects the least degraded pixel when the
operation mode is the flat up mode and selects the most
degraded pixel when the operation mode is the flat down
mode.

[0067] Thecoefficient calculating unit 132 calculates ratios
of degrees of degradation of the pixels against a degree of
degradation of the reference pixel as first coefficients of the
pixels. Since a pixel selected as a reference pixel in the flat up
mode is the least degraded pixel, values of the first coeffi-
cients are 1 or greater. Since a pixel selected as a reference
pixel in the flat down mode is the most degraded pixel, values
of the first coefficients are less than or equal to 1. If the value
of the first coefficient is equal to 1, the first coefficient is
calculated with respect to a pixel with a degree of degradation
may be identical to that of the reference pixel.

[0068] The data modulating unit 133 generates modulated
data to be supplied to the respective pixels in correspondence
to the first coefficients. The first coefficients are calculated
based on an operation mode and degrees of degradation of the
reference pixel and the respective pixels. The data modulating
unit 133 may generate the modulated data based on the first
coefficients and margin ratios.

[0069] The data modulating unit 133 may generate first
modulated data to be supplied to the respective pixels to
increase brightness of the respective pixels in proportion to
the first coefficients when the operation mode is the flat up
mode, and may generate second modulated data to be sup-
plied to the respective pixels to decrease brightness of the
respective pixels in proportion to the first coefficients when
the operation mode is the flat down mode.

[0070] FIG. 5illustrates another embodiment of the degra-
dation compensation unit 130 which includes an operation
mode determining unit 134 for changing the operation mode.
If the greatest first coefficient from among the first coefli-
cients is equal to or greater than a pre-set critical value, the
operation mode determining unit 134 changes the operation
mode from the flat up mode to the flat down mode.

[0071] Each pixel in the display panel includes an organic
light emitting device having a designated margin regarding
emission brightness. Therefore, upward compensation may
be performed in the flat up mode. However, if a degree of
degradation of a degraded pixel relative to a reference pixel is
equal to or exceeds a particular critical value, upward com-
pensation of brightness in the flat up mode may not be pos-
sible. The critical value at which compensation of brightness
is impossible may be determined, for example, based on a
predetermined brightness margin ratio.
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[0072] Forexample, if a margin ratio of 10% is applied to a
pixel capable emitting light at the maximum brightness 0£300
nit, the pixel emits a light at the maximum brightness of about
270 nit in a general operation mode. When the pixel is
degraded and becomes unable to emit a light at a brightness of
270 nit even if a voltage or a current corresponding to the
maximum brightness prior to the degradation of the corre-
sponding pixel is applied thereto, the degradation compensa-
tion unit 130 may enable the corresponding pixel to emit a
light at a brightness of about 270 nit by using a margin of the
corresponding pixel in the flat up mode.

[0073] However, if the pixel is degraded and is only able to
emit a light at the maximum brightness of about 240 nit, the
maximum emission brightness of the pixel becomes about
264 nit even if the maximum emission brightness of the pixel
is upwardly compensated by using the 10% margin of the
corresponding pixel. In other words, emission brightness of a
pixel may not be upwardly compensated to the maximum
emission brightness of a reference pixel in the flat up mode
after the corresponding pixel is degraded beyond a certain
degree.

[0074] In this case, the operation mode may be changed to
the flat down mode, the most degraded pixel may be selected
as a reference pixel and the other pixels may be downwardly
compensated based on brightness of the newly selected ref-
erence pixel. Therefore, the brightness of the pixels may be
uniform. First coefficients and margin ratios may be consid-
ered for changing an operation mode from the flat up mode to
the flat down mode, where it is evident that the critical value
may vary according to the margin ratios.

[0075] FIG. 6 is a graph illustrating a change in brightness
in an organic light emitting display device over time. In FIG.
6, a first curve 701 shows a change in brightness over time for
one type of method proposed for attempting to make the
brightness of all pixels in a display panel uniform as the
brightness of the pixels degrades over time. As shown by the
first curve 701, even if the brightness of all pixels is uniform,
brightness degradation over time is not enhanced.

[0076] The second curve 702 shows a change in brightness
over time in one embodiment of the organic light emitting
display device 100. The organic light emitting display device
100 may be driven in the flat up mode and the flat down mode.
Since a pixel with the least degree of degradation and the
highest maximum emission brightness is selected as a refer-
ence pixel, and since the brightness of other pixels are
upwardly compensated in the flat up mode, the initial bright-
ness of the organic light emitting display device 100 may be
maintained for longer period of time.

[0077] A pixel selected as a reference pixel in the flat up
mode may be the least degraded pixel in the display panel,
where the reference pixel may be degraded and is unable to
emit a light at the initial brightness. In this case, modulated
data may be generated, such that the maximum emission
brightness of all pixels in the display panel including the
reference pixel becomes the maximum emission brightness
set at the initial operation of the organic light emitting display
device 100.

[0078] Meanwhile, if the difference between the maximum
emission brightness of a degree of degradation of a reference
pixel and the maximum emission brightness of the most
degraded pixel exceeds a pre-set critical value in the flat up
mode (e.g.. the limit point in FIG. 6), the most degraded pixel
may be unable to emit light at the same brightness as the
reference pixel. Therefore, from this point, the operation
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mode is changed to the flat down mode, the most degraded
pixel is selected as a reference pixel, and the brightness of the
other pixels are compensated according to the brightness of
the newly selected reference pixel.

[0079] FIGS. 7(a) and 7(b) illustrate examples of bright-
ness compensation in the flat down mode. As described above
with reference to FIG. 4, the data modulating unit 133 may
generate second modulated data to decrease the brightness of
the pixels in proportion to the first coefficients in the flat down
mode.

[0080] When the operation mode is changed from the flat
up mode to the flat down mode, the most degraded pixel is
selected as a reference pixel and the brightness of the pixels
other than the reference pixel is downwardly compensated
according to the brightness of the reference pixel. Therefore,
the overall brightness of a display panel may be significantly
decreased. As a result, the user of the display panel may
perceive an inconsistency or other adverse effect. Therefore,
significant decrease of brightness may be prevented by
changing the operation mode from the flat up mode to the flat
down mode.

[0081] Referring back to FIG. 4, if the operation mode is the
flat down mode, the coefficient calculating unit 132 calculates
second coefficient for uniformly increasing brightness of the
pixels, and the data modulating unit 133 may generate third
modulated data to be supplied to the pixels based on the first
coefficient, the second coefficient, and the second modulated
data.

[0082] FIG. 7(a)is a graph showing degrees of degradation
of other pixels against a degree of degradation of a reference
pixel when the operation mode is changed from the flat up
mode to the flat down mode. Referring to FIG. 7(a), the
horizontal axis indicates locations of respective pixels and the
vertical axis indicates scale factors. In one embodiment, the
‘scale factors’ may correspond to the first coefficient
described above with respect to FIGS. 2 to 5. For example, the
scale factors may correspond to a ratio of the maximum
emission brightness of a reference pixel against the maximum
emission brightness of pixels other than the reference pixel.
Therefore, in FIG. 7(a), a pixel corresponding to a scale factor
1 may be the reference pixel.

[0083] FIG. 7(b) shows examples where the vertical axis
indicates sums of first coefficients and second coefficients.
Even when the degree of degradation of the most degraded
pixel is too high for brightness compensation in the flat up
mode, since pixels have certain margin ratios, the brightness
of all pixels including a reference pixel may be increased to a
certain degree based on the margin ratios, even after the
operation mode is changed to the flat down mode. In this case,
the second coefficients may be values less than or equal to a
value obtained by multiplying the maximum emission bright-
ness of a reference pixel in the flat down mode by a margin
ratio.

[0084] Since the maximum emission brightness of a refer-
ence pixel gradually decreases due to degradation of an
organic light emitting display device as driving time
increases, the second coefficients may decrease over time.
[0085] FIG. 8 an embodiment of a method for driving an
organic light emitting display device. The organic light emit-
ting display device includes a display panel having a plurality
of pixels with organic light emitting devices that emit light
based on data currents generated according to data voltages.
The display device may be, for example, any of the embodi-
ments of the display device described herein.
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[0086] The method includes a data accumulating and stor-
ing operation S110, a degree of degradation determining
operation S120, an operation mode determining operation
S130, a reference pixel selecting operation S140, amodulated
data generating operation S150, and a modulated data sup-
plying operation S160.

[0087] In the data accumulating and storing operation
S110, data supplied to respective pixels are accumulated and
stored. In the degree of degradation determining operation
S120, degrees of degradation of the respective pixels are
determined based on accumulated data of the pixels. The
accumulated data of the respective pixels is image data sup-
plied from an external system or a graphics card and may be
grayscale data.

[0088] An organiclight emitting device may degrade faster
for light emitted at a brightness closer to white. Thus, the
degree of degradation may become greater as values of accu-
mulated data increase.

[0089] In the operation mode determining operation S130,
an operation mode, which is the flat up mode or the flat down
mode, is selected based on the degrees of degradation of the
pixels. In the reference pixel selecting operation S140, a
reference pixel according to the operation mode is deter-
mined.

[0090] If the maximum emission brightness based on the
degrees of degradation of the pixels and the maximum emis-
sion brightness that may be compensated based on margin
ratio significantly differ from the maximum emission bright-
ness of the least degraded pixel, e.g., if itis difficult to perform
brightness compensation in the flat up mode, the operation
mode is set to the flat down mode in the operation mode
determining operation S130. If the difference between the
maximum emission brightness that may be compensated and
the maximum emission brightness of the least degraded pixel
is not significant, the operation mode is set to the flat up mode.
The significance may be determined, for example, based on a
predetermined value.

[0091] In one embodiment, the organic light emitting dis-
play device may initially be driven in flat up mode and may be
switched to flat down mode from a time point at which the
organic light emitting display device may no longer be driven
in flat up mode.

[0092] In the reference pixel selecting operation S140, the
least degraded pixel or the most degraded pixel may be
selected as a reference pixel according to the operation mode.
For example, in the reference pixel selecting operation S140,
if the operation mode is the flat up mode, the least degraded
pixel is determined as a reference pixel. If the operation mode
is the flat down mode, the most degraded pixel is determined
as a reference pixel.

[0093] In the modulated data generating operation S150,
ratios of the maximum emission brightness of the reference
pixel against the maximum emission brightness of the pixels
are generated as first coefficients of the pixels, and modulated
data to be supplied to the pixels is generated using the first
coefficients and margin ratios. In the modulated data supply-
ing operation 8160, the modulated data generated in the
modulated data generating operation S150 is supplied to the
respective pixels.

[0094] In the modulated data generating operation S150,
ratios of the maximum emission brightness of the reference
pixel against the maximum emission brightness of the pixels
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may be calculated as first coefficients of the pixels, and modu-
lated data to be supplied to the pixels may be generated based
on the first coefficients.

[0095] Furthermore, in the modulated data generating
operation S150, if the operation mode is the flat up mode, first
modulated data to be supplied to the pixels is generated to
increase brightness of the pixels in proportion to the first
coefficients. If the operation mode is the flat down mode,
second modulated data to be supplied to the pixels is gener-
ated to decrease brightness of the pixels in proportion to the
first coefficients.

[0096] FIG. 9 illustrates another embodiment of a method
for driving an organic light emitting display device. Referring
to FIG. 9, this method includes a modulated data accumulat-
ing and storing operation S170. In the modulated data accu-
mulating and storing operation S170, modulated data gener-
ated in the modulated data generating operation S150 of the
method described above with reference to FIG. 8 is added to
accumulated data of corresponding pixels and stored.

[0097] Inthis embodiment, pixels in the display panel con-
tinuously degrade after brightness compensation, and bright-
ness compensation due to degradation may be continuously
performed. Therefore, to determine precise degrees of degra-
dation at a time point when a next brightness compensation is
performed, all data input to corresponding pixels may be
cumulatively stored until the next brightness compensation is
performed.

[0098] Furthermore, since data supplied to the pixels in the
flat up mode or the flat down mode may be the modulated
data, the modulated data generated and supplied in the modu-
lated data generating operation S150 may be stored. For
example, modulated data supplied for brightness compensa-
tion may be stored for determination of precise degrees of
degradation, instead of storing input data supplied from an
external system or a graphics card. The modulated data accu-
mulating and storing operation 5170 may be performed
before the modulated data supplying operation S160.

[0099] FIG. 10 illustrates another embodiment of a method
for driving an organic light emitting display device. The
method of FIG. 10 includes a data accumulating and storing
operation S210, a degree of degradation determining opera-
tion 5220, an operation mode determining operation S230, a
reference pixel selecting operation S240, a modulated data
generating operation S250, a modulated data supplying
operation 5270, and a modulated data accumulating and stor-
ing operation S280. The above-stated operations may be sub-
stantially identical to respective operations in the methods of
FIGS. 8 and 9.

[0100] Inaddition, the method of FIG. 10 includes a deter-
mining operation S260 for determining whether a first coef-
ficient is equal to or greater than a critical value. In the
determining operation S260, it is determined whether the
greatest first coefficient, from among the first coefficients of
the respective pixels generated in the modulated data gener-
ating operation S250, is equal to or greater than a pre-set
critical value.

[0101] In the determining operation S260, if it is deter-
mined that the first coefficient is equal to or greater than the
critical value, the operation mode is changed from the flat up
mode to the flat down mode in the operation mode determin-
ing operation S230.

[0102] The organic light emitting device in each of the
pixels may have a certain margin ratio, and the pixels may
emit light at brightness greater than a set maximum emission
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brightness due to the margin ratio. In the flat up mode, bright-
ness compensation of degraded pixels may be performed
based on the first coefficient and the margin ratio. However, if
it is difficult to perform compensation to increase the bright-
ness of the pixels based on the degrees of degradation of the
pixels determined based on the first coefficients and the mar-
gin ratio, an organic light emitting display device may no
longer be driven in the flat up mode and may be switched to
the flat down mode.

[0103] The methods, processes, and/or operations
described herein may be performed by code or instructions to
be executed by a computer, processor, controller, or other
signal processing device. The computer, processor, control-
ler, or other signal processing device may be those described
herein or one in addition to the elements described herein.
Because the algorithms that form the basis of the methods (or
operations of the computer, processor, controller, or other
signal processing device) are described in detail, the code or
instructions for implementing the operations of the method
embodiments may transform the computer, processor, con-
troller, or other signal processing device into a special-pur-
pose processor for performing the methods described herein.
[0104] The compensation unit, determining unit, calculat-
ing unit, modulating unit, and the other processing features or
operations of the embodiments described herein may be
implemented in logic which, for example, may include hard-
ware, software, or both. When implemented at least partially
in hardware, the compensation unit, determining unit, calcu-
lating unit, modulating unit, and the other processing features
may be, for example, any one of a variety of integrated cir-
cuits including but not limited to an application-specific inte-
grated circuit, a field-programmable gate array, a combina-
tion of logic gates, a system-on-chip, a microprocessor, or
another type of processing or control circuit.

[0105] When implemented in at least partially in software,
the compensation unit, determining unit, calculating unit,
modulating unit, and the other processing features may
include, for example, a memory or other storage device for
storing code or instructions to be executed, for example, by a
computer, processor, microprocessor, controller, or other sig-
nal processing device. The computer, processor, micropro-
cessor, controller, or other signal processing device may be
those described herein or one in addition to the elements
described herein. Because the algorithms that form the basis
of the methods (or operations of the computer, processor,
microprocessor, controller, or other signal processing device)
are described in detail, the code or instructions for imple-
menting the operations of the method embodiments may
transform the computer, processor, controller, or other signal
processing device into a special-purpose processor for per-
forming the methods described herein.

[0106] Also, another embodiment may include a computer-
readable medium, e.g., a non-transitory computer-readable
medium, for storing the code or instructions described above.
The computer-readable medium may be a volatile or non-
volatile memory or other storage device, which may be
removably or fixedly coupled to the computer, processor,
controller, or other signal processing device which is to
execute the code or instructions for performing the method
embodiments described herein.

[0107] By way of summation and review, the pixels of an
organic light emitting display may not be able to display
images of a desired brightness due to degradation of their
OLED:s. This degradation may take place over time and may
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cause the brightness of emitted light to vary among pixels
even when a same data signal is applied. In accordance with
one or more embodiments, an organic light emitting display
device may be controlled to maintain an initial or predeter-
mined brightness even when pixels thereof degrade over time.
[0108] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as would
be apparent to one of skill in the art as of the filing of the
present application, features, characteristics, and/or elements
described in connection with a particular embodiment may be
used singly or in combination with features, characteristics,
and/or elements described in connection with other embodi-
ments unless otherwise indicated. Accordingly, it will be
understood by those of skill in the art that various changes in
form and details may be made without departing from the
spirit and scope of the invention as set forth in the following
claims.

What is claimed is:

1. An organic light emitting display device, comprising:

a display panel includes a plurality of pixels including an
organic light emitting devices to emit light based on data
currents corresponding to data voltages;

a storage area to store accumulated data of the pixels;

a degradation compensator to determine degrees of degra-
dation of the pixels based on the accumulated data,
select a flat up mode or a flat down mode, select a
reference pixel based on the selected mode, generate
ratios of a maximum emission brightness of the refer-
ence pixel to a maximum emission brightness of the
pixels as first coefficients, and generate modulated data
for the pixels using the first coefficients and margin
ratios; and

a panel driver to transform the modulated data to the data
voltages, add the modulated data to the accumulated
data, and store the accumulated data in the storage area.

2. The device as claimed in claim 1, wherein the degrada-

tion compensator includes:

areference pixel determiner to select a least degraded pixel
or a most degraded pixel as the reference pixel based on
the selected mode;

a coefficient calculator to calculate ratios of the maximum
emission brightness of the reference pixel to the maxi-
mum emission brightness of the pixels as first coeffi-
cients; and

a data modulator to generate the modulated data for the
pixels in correspondence to the first coefficients.

3. The device as claimed in claim 2, wherein:

when the selected mode is the flat up mode, the reference
pixel determiner is to determine the least degraded pixel
as the reference pixel, and

the data modulator is to generate first modulated data for
the pixels to increase brightness of the pixels in corre-
spondence to the first coefficient.

4. The device as claimed in claim 2, wherein:

when the operation mode is the flat down mode, the refer-
ence pixel determiner is to determine the most degraded
pixel as the reference pixel, and

the data modulator is to generate second modulated data
for the pixels to decrease brightness of the pixels in
correspondence to the first coefficient.

5. The device as claimed in claim 2, wherein the degrada-

tion compensator includes:
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an operation mode determiner to change the selected mode
from the flat up mode to the flat down mode when a
greatest first coefficient of the pixels is equal to or greater
than a pre-set critical value.

6. The device as claimed in claim 2, wherein:

when the selected mode is the flat down mode, the coeffi-

cient calculator is to calculate second coefficients for
uniformly increasing brightness of the pixels, and

the data modulator is to generate third modulated data for

the pixels based on the first coefficients, the second
coefficients, and the second modulated data.

7. The device as claimed in claim 6, wherein the second
coefficients are to decrease over time.

8. The device as claimed in claim 1, wherein brightness of
the pixels are to increase when the selected mode is the flat up
mode.

9. The device as claimed in claim 1, wherein brightness of
the pixels are to decrease when the selected mode is the flat
down mode.

10. A method for driving an organic light emitting display
device, the method comprising:

accumulating data input to a plurality of pixels and storing

the accumulated data;

determining degrees of degradation of the pixels based on

the accumulated data;

selecting a flat up mode or a flat down mode based on the

degrees of degradation of the pixels;

selecting a reference pixel based on the selected mode;

generating ratios of a maximum emission brightness of the

reference pixel to a maximum emission brightness of the
pixels as first coefficients and generating modulated data
to be supplied to the pixels based on the first coefficients
and margin ratios; and

supplying the modulated data to the pixels.

11. The method as claimed in claim 10, further comprising:

adding the modulated data to the accumulated data of the

corresponding pixels and storing the accumulated data.

12. The method as claimed in claim 10, wherein generating
the modulated data includes:

calculating ratios of the maximum emission brightness of

the reference pixel to the maximum emission brightness
of the respective pixels as the first coefficients of the
pixels, and

generating the modulated data for the pixels in correspon-

dence to the first coefficients.
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13. The method as claimed in claim 10, wherein selecting
the reference pixelincludes selecting a least degraded pixel or
a most degraded pixel as the reference pixel based on the
selected mode.

14. The method as claimed in claim 13, wherein:

selecting the reference pixel includes selecting the refer-
ence pixel as the least decreased pixel when the selected
mode is the flat up mode, and

generating the modulated data includes generating first
modulated data to increase brightness of the pixels in
correspondence to the first coefficient.

15. The method as claimed in claim 14, wherein:

selecting the reference pixel includes selecting the most
degraded pixel as the reference pixel when the selected
mode is the flat down mode, and

generating the modulated data includes generating second
modulated data for the pixels to decrease brightness of
the pixels in correspondence to the first coefficient.

16. The method as claimed in claim 15, further comprising:

generating third modulated data for the pixels based on the
first coefficients, the second coefficients, and the second
modulated data.

17. The method as claimed in claim 16, wherein the second

coefficients decrease over time.

18. The method as claimed in claim 10, further comprising:

changing from the flat up mode to the flat down mode when
a greatest first coefficient for the pixels is equal to or
greater than a pre-set critical value.

19. An apparatus, comprising:

a degradation compensator to determine degrees of degra-
dation of a plurality of pixels based on data accumulated
for the pixels, select a flat up mode or a flat down mode,
select a reference pixel based on the selected mode,
generate ratios of a predetermined emission brightness
of the reference pixel to a predetermined emission
brightness of the pixels as first coefficients, and generate
modulated data for the pixels using the first coefficients
and margin ratios; and

a panel driver to transform the modulated data to the data
voltages, add the modulated data to the accumulated
data, and store the accumulated data in a storage area.

20. The apparatus as claimed in claim 19, wherein the
predetermined emission brightness is a maximum emission
brightness.
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