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Description
BACKGROUND
1. Technical Field
[0001] The present invention relates to an organic light emitting display and a method of driving the same. More
particularly, embodiments relate to an organic light emitting display capable of displaying animage with uniform brightness

and a method of driving the same.

2. Description of the Related Art

[0002] Various flat panel displays (FPDs) having relatively lower weight and lower volume than cathode ray tube (CRT)
displays have been developed. FPDs include liquid crystal displays (LCD), field emission displays (FED), plasma display
panels (PDP) and organic light emitting displays.

[0003] Among the FPDs, the organic light emitting displays display images using organic light emitting diodes (OLED)
that generate light by the re-combination of electrons and holes. Organic light emitting displays generally have relatively
high response speed and may be driven with relatively low power.

[0004] In general, OLEDs deteriorate as a result of time, e.g., age and/or emission time and/or temperature, etc. As
a result of such deterioration, brightness uniformity of an image may be reduced. Further, brightness uniformity among
pixels may be affected by differences in threshold voltages of driving transistors employed for driving respective OLEDs.
Digital driving methods may be advantageous for providing brightness uniformity by displaying an image regardless of
differences in threshold voltage of driving transistors. However, in the digital driving method, because a constant voltage
is applied to the OLEDs, the OLEDs deteriorate faster and brightness uniformity of an image may be compromised.
[0005] Pixel circuits and displays and methods of driving thereof for providing improved brightness uniformity are
desired.

SUMMARY

[0006] to the invention sets out to provide a flat panel display, e.g., organic light emitting displays, and a method of
driving a flat panel displays that substantially overcomes one or more of the problems due to the limitations and disad-
vantages of the related art.

[0007] Itis therefore an object of the invention to provide a flat panel display adapted to display an image with uniform
and/or substantially uniform brightness.

[0008] The invention also aims to provide a method of driving a flat panel display that is adapted to display an image
with uniform and/or substantially uniform brightness.

[0009] Itis a further object of the invention to provide an organic light emitting display adapted to display an image
with uniform and/or substantially uniform brightness.

[0010] The invention also aims to provide a method of driving an organic light emitting display adapted to display an
image with uniform and/or substantially uniform brightness.

[0011] Theinvention also sets out to provide a flat panel display, e.g., an organic light emitting display, having improved
brightness uniformity as compared to known devices.

[0012] The invention future sets out to provide a method of driving a flat panel display, e.g., an organic light emitting
display, having improved brightness uniformity as compared to known devices.

[0013] At least one or more of the above and other features and advantages of embodiments may be realized by
providing A method of driving an organic light emitting display, including storing a brightness characteristic corresponding
to emission time of an organic light emitting diode (OLED), generating accumulated data by adding together first data
supplied in units of frames to each of a plurality of pixels, the accumulated data for each of the pixels corresponding to
an emission time of the respective one of the plurality of pixels, determining a maximum brightness of a selected one
of the pixels to which current first data is to be supplied based on the accumulated data corresponding to the selected
pixel and the stored brightness characteristic, determining a maximum brightness corresponding to an emission time of
a largest of the accumulated data among the accumulated data for each of the pixels, and generating second data by
controlling a bit value of the current first data using the maximum brightness of the selected one of pixels to which the
current first data is to be supplied and the maximum brightness of the largest accumulated data.

[0014] The method may include controlling a voltage value of a first power source supplied to the pixels in response
to the maximum brightness of the largest accumulated data.

[0015] Generating second data may include reducing the maximum brightness of the selected pixel to which the
current first data is to be supplied to the maximum brightness of the largest accumulated data.
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[0016] Generating the second data may include determining a maximum bit value of the second data by dividing the
maximum brightness of the largest accumulated data by the maximum brightness of the selected pixel and multiplying
a result thereof to a maximum bit value of the current first data.

[0017] The method may include supplying the second data to pixels such that the pixels emit light or do not emit light
in a plurality of sub frames included in a frame in response to the second data to display gray scales.

[0018] Current may flow from the first power source to a second power source via the OLED when the pixels emit light.
[0019] Controlling a voltage value of the first power source may include controlling the voltage value of the first power
source so that an OLED included in the pixel having the largest accumulated data emits light having completely and/or
substantially a same brightness as an initial brightness of the OLED.

[0020] Controlling a voltage value of the first power source may include increasing the voltage value of the first power
source as the OLED deteriorates.

[0021] Storing the brightness characteristic may include supplying current to an OLED included in a dummy pixel
when the first power source is supplied to the organic light emitting display, measuring an amount of light generated by
the OLED included in the dummy pixel, and storing a brightness characteristic corresponding to emission time based
on the measured amount of light.

[0022] The method may include measuring current temperature when the current first data is supplied, and changing
a bit value of the current first data based on the measured current temperature.

[0023] Atleast one more of the above and other features and advantages of embodiments may be separately realized
by providing a method of driving an organic light emitting display, including extracting maximum brightness of pixels,
the maximum brightness of each pixel corresponding to a deterioration of an OLED included in each of the pixels,
determining which one of the pixels has deteriorated the most relative to an initial brightness of the pixels, controlling a
maximum brightness of remaining pixels to be completely and/or substantially equal to a maximum brightness of the
pixel that has deteriorated the most, and controlling a voltage value of a first power source that supplies current to the
OLED of each of the pixels so that the maximum brightness of the pixel that has deteriorated the most has a brightness
that is completely and/or substantially completely a same as the initial brightness thereof.

[0024] Controlling the maximum brightness of the remaining pixels may include controlling a bit value of data corre-
sponding to the remaining pixels.

[0025] At least one or more of the above and other features and advantages of embodiments may be separately
realized by providing an organic light emitting display, including a scan driver adapted to sequentially supply scan signals
during scan periods of a plurality of subfields included in one frame, a data driver adapted to supply at least one of first
data signals in response to which pixels emit light and second data signals in response to which the pixels do not emit
light when the scan signals are supplied, a deterioration compensator adapted to generate second data by controlling
a bit value of respective current first data supplied to remaining ones of a plurality of pixels to have substantially and/or
completely a same maximum brightness as the pixel of the plurality of pixels having a first maximum brightness, the first
maximum brightness being a relatively lowest maximum brightness, and a timing controller adapted to receive the second
data and supply third data for controlling emission time by subfields to the data driver.

[0026] The deterioration compensator may include a third memory adapted to store a brightness characteristic cor-
responding to emission time of an OLED, a first operator adapted to store accumulated data of the pixels generated by
accumulating previously supplied first data associated with previous frames and the current first data in a first memory
and to extract the first maximum brightness corresponding to a largest accumulated data among the accumulated data
stored in the first memory and a second maximum brightness of accumulated data corresponding to the remaining pixels
to which the current first data is to be supplied, a second operator adapted to generate the second data by changing
the bit value of the current first data using the first maximum brightness and the second maximum brightness supplied
from the first operator, and a second memory adapted to store the second data generated by the second operator.
[0027] The first operator may extract the first maximum brightness and the second maximum brightness using the
accumulated data stored in an (i-1)th frame period when the current first data corresponding to an ith frame is supplied.
[0028] The second operator may generate the second data as follows: Second data = First data X (first maximum
brightness/second maximum brightness).

[0029] The display may include a temperature sensor adapted to supply a current driving temperature to the first
operator.

[0030] The first operator may be adapted to change a bit value of the current first data based on the current driving
temperature.

[0031] The display may include a brightness characteristic measurer adapted to measure a brightness characteristic
corresponding emission time of the OLED.

[0032] The brightness characteristic measurer may include a dummy pixel, the dummy pixel maintaining an emission
state during a period where a power source is supplied to the organic light emitting display, a photo sensor adapted to
measure an amount of light generated by the dummy pixel, an amplifier adapted to amplify an analog signal supplied
from the photo sensor, and an analog digital converter adapted to change the amplified analog signal into a digital signal.
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[0033] The first operator may stores the digital signal corresponding to a driving time of the dummy pixel in the third
memory.

[0034] The display may further include a power source controller adapted to control a voltage value of a power source
supplied to a pixel associated with the largest accumulated data among the accumulated data stored in the first memory
based on an initial brightness of an OLED included in the pixel.

[0035] The above and other features of the invention are set out in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] The above and other features and advantages of embodiments will become more apparent to those of ordinary
skill in the art upon making reference to the following description of embodiments of the invention with reference to the
attached drawings, in which:

[0037] FIG. 1 illustrates a graph of a brightness characteristic relative to driving time of an organic light emitting diode
(OLED) according to an embodiment of the invention;

[0038] FIG. 2 illustrates a graph of a deterioration compensation method;

[0039] FIG. 3illustrates a block diagram of an organic light emitting display according to an embodiment of the invention;
[0040] FIG. 4 illustrates a diagram of one frame according to an embodiment of the invention;

[0041] FIG. 5 illustrates a flow chart of an exemplary method of compensating for OLED deterioration according to
an embodiment of the invention;

[0042] FIG. 6 illustrates a schematic diagram an organic light emitting display according to another embodiment of
the invention;

[0043] FIG. 7 illustrates a schematic diagram of the brightness characteristic measuring unit of FIG. 5; and

[0044] FIG. 8illustrates a circuit diagram of a pixel employable by the organic light emitting displays of FIGS. 3 and 5.

DETAILED DESCRIPTION

[0045] Embodiments of the invention will now be described more fully hereinafter with reference to the accompanying
drawings; however, the invention 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 the scope of the invention to those skilled in the art.

[0046] As used herein, the terms "a" and "an" are open terms that may be used in conjunction with singular items or
with pluralitems. As used herein, the expressions "at least one," "one or more," and "and/or" are open-ended expressions
that are both conjunctive and disjunctive in operation. For example, each of the expressions "at least one of A, B, and
C," "at least one of A, B, or C," "one or more of A, B, and C," "one or more of A, B, or C" and "A, B, and/or C" includes
the following meanings: A alone; B alone; C alone; both A and B together; both A and C together; both B and C together;
and all three of A, B, and C together. As used herein, the expression "or" is not an "exclusive or" unless it is used in
conjunction with the term "either."

[0047] Here, when a first element is described as being coupled to a second element, the first element may be not
only be directly coupled to the second element but may also be indirectly coupled to the second element via a third
element. Further, some of the elements that are not essential to the complete understanding of the invention are omitted
for clarity. Hereinafter, embodiments of the invention will be described with reference to the accompanying drawings.
Also, like reference numerals refer to like elements throughout the specification.

[0048] FIG. 1illustrates a graph of a brightness characteristic corresponding to a driving time of an organic light emitting
diode (OLED) according to an embodiment of the invention. In FIG. 1, the X axis represents time and the Y axis represents
brightness. A value of "1" along the Y axis represents an initial brightness of an OLED.

[0049] As shown in FIG. 1, in general, OLEDs deteriorate over time. More particularly, e.g., a digitally driven OLED
may deteriorate relatively rapidly with the lapse of time. That is, while an OLED may deteriorate due to temperature
and/or as its chronological age increases, in general, deterioration of an OLED may be more heavily influenced by an
amount of current that has passed through it. As a result of such deterioration, brightness of the OLED may be reduced.
For example, an OLED that has emitted light for about five hours may emit light with a brightness of about 37% relative
to an initial period of light emission thereof. When an OLED deteriorates, an image of desired brightness may not be
displayed.

[0050] FIG. 2illustrates a graph of a deterioration compensation principle employable by embodiments of the invention.
[0051] As shown in FIG. 2, brightness of pixels A, B may be reduced relative to emission time and/or chronological
age, i.e., lapse in time, and/or temperature. Referring to FIG. 2, of the pixels A, B, it is shown that pixel B has deteriorated
the most relative to an initial brightness during an initial period and pixel B now has a brightness of 0.5 of the initial
brightness thereof. The pixel A has also deteriorated and now has a brightness of 0.7 of the initial brightness thereof.
[0052] Exemplary methods for compensating for deterioration of a pixel over time, e.g., emission time and/or chron-
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ological time, will be described below.

[0053] In embodiments of the invention, deterioration of an OLED of a pixel may be compensated for by increasing a
brightness of the deteriorated pixel. To accommodate an increase in the brightness of the deteriorated pixel, a number
of gray levels of the pixel may be reduced. That is, a number of gray levels that may be displayed by the pixel during
an initial period may be reduced, i.e., the number of gray scales that may be displayed using data may be limited. More
particularly, in embodiments of the invention, in order to compensate for deterioration of the pixel using data, an inter-
mediate value of brightness that may express the gray levels of the initial white may be set and then, bits of data supplied
to the deteriorated pixel may be increased to compensate for the deterioration.

[0054] When an initial white is set for a pixel, if all bits of data are set as "1," then it may not be possible to increase
brightness of the pixel. However, if an initial white is set for the pixel with one or some of the bits of data being set as
"0," then it may be possible to subsequently increase brightness of the pixel by subsequently changing, e.g., setting as
"1," the one or more of the bits of data that were initially set as "0" for the initial white. That is, e.g., by subsequently
setting more of the bits of data as "1" than a number of bits set as "1" for the initial white, it may be possible to increase
brightness of the pixel and at least partially and/or completely compensate for deterioration of the pixel. In such embod-
iments, while an initial brightness may be relatively less, e.g., less than a maximum amount based on bits of data,
brightness of the deteriorated pixel may be subsequently increased. More particularly, in embodiments, a relatively
intermediate gray level of a plurality of possible gray levels for a predetermined number of bits of data may correspond
to the initial white of the pixel. In such cases, gray levels brighter than the intermediate gray level corresponding to the
initial white may be employed to partially and/or completely compensate for deterioration of the pixel. Further, possible
gray levels darker than the intermediate gray level corresponding to the initial white may be employed to regularly drive
the pixel. It should be understood that the intermediate gray level may be any gray level between a maximum and a
minimum gray level.

[0055] An method of achieving uniform and/or substantially uniform brightness among a plurality of pixels by compen-
sating for deterioration of one or more of the pixels will be described below. In embodiments including a plurality of pixels,
e.g., a display device, to compensate for pixel deterioration, one of the pixels of the plurality of pixels may be selected
and possible gray scale values for the plurality of pixels may be set based on an amount of deterioration of the selected
pixel. The selected pixel may be, e.g., a most deteriorated pixel, a pixel believed and/or determined to be the most
deteriorated based on, e.g., emission time, age, and/or temperature conditions, etc.

[0056] Referring to FIG. 2, of pixels A and B, pixel B has deteriorated more than pixel A and thus, pixel B is the most
deteriorated pixel. In the example of FIG. 2, it is assumed that data for the pixels A, B includes up to 10 bits and may
correspond to 1023 gray scales. As a result of the deterioration of the most deteriorated pixel B, a brightness of the
remaining pixel A may be reduced to completely and/or substantially equal the brightness of the most deteriorated pixel
B. That is, a maximum brightness of the remaining pixel A may be reduced to be completely and/or substantially the
same as a maximum brightness of the most deteriorated pixel B. More particularly, a number and/or a state of the bits
supplied to other pixel A corresponding to possible gray scale values may be controlled such that the remaining pixel A
may display a fewer number of gray scales than the number of bits of the data allows. That s, e.g., in some embodiments,
the other pixel A may simply be driven to display fewer gray scales. In some embodiments, e.g., this may be accomplished
by one or more of the bits of data not playing a role in possible gray scale values, e.g., may be maintained at "0."
[0057] Inthe example of FIG. 2, one or more of the 10 of bits of data may be controlled such that pixel A may display,
e.g., 730 gray scales rather than 1023 gray scales. More particularly, referring to FIG. 2, e.g., as pixel A may itself have
deteriorated, deterioration of the other pixel A may also be considered when controlling the bits of data.

[0058] Specifically, in the example of FIG. 2, where pixel A may have 0.7 of its initial brightness, pixel B may have 0.5
of its initial brightness and the data may have 10 bits corresponding to 1023 possible gray scale values, uniformity may
be provided by, e.g., reducing pixel A’s gray scales to, e.g., (0.5/0.7)(1023) = 730 gray scales. Thus, a maximum
brightness of the pixel A may then be controlled based on 730 gray scale values to be equal to and/or substantially equal
to a maximum brightness of the pixel B controlled based on 1023 gray scale values. In this case, the maximum brightness
that may be displayed using data is set as the brightness of 0.5 of the initial brightness. However, while substantial
and/or complete brightness uniformity of an image employing the pixels A, B may be achieved, a brightness of, e.g., a
display including pixels A, B may be reduced.

[0059] Accordingly, in some embodiments of the invention, bits of data supplied to remaining pixels of a display, e.g.,
pixels other than a selected pixel, e.g., a most deteriorated pixel, may be controlled so that a substantially and/or
completely same brightness as the brightness of the selected pixel may be displayed by reducing a maximum brightness
of the remaining pixels to a maximum brightness of the selected pixel. While a display, e.g., an organic light emitting
display, employing such a method may display images of completely and/or substantially uniform brightness, a brightness
of the display may be reduced. Therefore, in embodiments, a voltage value of a first power source ELVDD may be
controlled to uniformly maintain a brightness value of white.

[0060] Thus, in the example of FIG. 2, the maximum brightness of pixel A may be reduced to be completely and/or
substantially the same as the maximum brightness of pixel B in order to provide an image of complete and/or substantial
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complete brightness uniformity. Further, to maintain an overall brightness of a display employing the pixels A, B a voltage
value of a first power source ELVDD may be increased. By increasing the voltage value of the first power source ELVDD,
a brightness that can be displayed by the pixels A, B may be set again to the initial brightness, i.e., as "1" in FIG. 2. That
is, the first power source ELVDD may be controlled so that a white of the pixels A, B may be uniformly maintained
regardless of the deterioration.

[0061] FIG. 3 illustrates an organic light emitting display according to an embodiment of the invention.

[0062] Referring to FIG. 3, the illustrated organic light emitting display includes a pixel unit 30 including a plurality of
pixels 40 coupled to scan lines S 1 to Sn and data lines D 1 to Dm, a scan driver 10 for driving the scan lines S 1 to Sn,
a data driver 20 for driving the data lines D1 to Dm, a timing controller 50 for controlling the scan driver 10 and the data
driver 20, a deterioration compensating unit 100 and a power source unit 200. The deterioration compensating unit 100
may change a bit value of first data Data1, which may be externally supplied, so that deterioration of OLEDs included
in the pixels 40 may be substantially and/or completely compensated for to generate second data Data2. The deterioration
compensating unit 100 may supply the generated second data Data2 to the timing controller 50. The power source unit
200 may change the voltage value of the first power source ELVDD by controlling the deterioration compensating unit 100.
[0063] The pixel unit 30 may receive the voltage of the first power source ELVDD and a voltage of a second power
source ELVSS and may supply the voltage of the first power source ELVDD and the voltage of the second power source
ELVSS to the pixels 40. The pixels 40 may receive the first power source ELVDD and the second power source ELVSS.
When scan signals are supplied, the pixels 40 may receive data signals and may or may not emit light based on the
supplied data signals. The first power source ELVDD may be set to have a higher voltage value than the second power
source ELVSS. An exemplary circuit diagram of a pixel 4 that may be employed as one or more of the pixels 40 will be
described below in conjunction with FIG. 7.

[0064] The scan driver 10 may sequentially supply the scan signals to the scan lines S 1 to Sn. The scan driver 10
may sequentially supply the scan signals to the scan lines S 1 to Sn during each scan period of a plurality of sub frames
included in one frame 1F, as illustrated in FIG. 4. When the scan signals are sequentially supplied to the scan lines S
1 to Sn, the pixels 40 may be sequentially selected and the selected pixels 40 may receive the respective data signals
from the data lines D1 to Dm.

[0065] The data driver 20 may supply the respective data signals to the data lines D1 to Dm when the scan signals
are supplied during the scan periods of the sub frames. The data signals may be supplied to the pixels 40 selected by
the scan signals. In some embodiments, the data driver 20 may supply first data signals to the pixel(s) 40 that are to
emit light and may supply second data signals to the pixel(s) that are not to emit light during a corresponding emission
period. The pixels 40 that receive the first data signals may emit light during emission period(s) of corresponding sub
frames for a predetermined period (a sub frame period) so that an image with predetermined brightness may be displayed.
[0066] The timing controller 50 may generate data driving control signals DCS and scan driving control signals SCS
in response to externally supplied synchronizing signals. The data driving control signals DCS generated by the timing
controller 50 may be supplied to the data driver 20 and the scan driving control signals SCS generated by the timing
controller 50 may be supplied to the scan driver 10. The timing controller 50 may generate third data Data3 for controlling
emission and non-emission by subfields using the second data Data2 supplied from the deterioration compensating unit
100. The timing controller 50 may supply the third data Data3 to the data driver 20.

[0067] The deterioration compensating unit 100 may change a bit value of the first data Data1 so that pixel deterioration
may be substantially and/or completely compensated. The deterioration compensating unit 100 may generate the second
data Data2 and may supply the generated second data Data2 to the timing controller 50.

[0068] The deterioration compensating unit 100 may include a first operator 110, a second operator 120, a first memory
130, a second memory 140, a third memory 150, and a temperature sensor 160.

[0069] The temperature sensor 160 may measure a current driving temperature and may supply a current driving
temperature to the first operator 110.

[0070] The first operator 110 may receive the first data Data1 for determining emission time of the pixels 40 in units
of frames. When the first operator 110 receives the first data Data1, the first operator 110 may add together accumulated
data, which may be stored during a previous frame for the pixels 40, and the first data Data1 supplied during a current
frame to generate new accumulated data. The first operator 110 may store the generated accumulated data in the first
memory 130. The first operator 110 may add the first data Data1 supplied during each frame period for each of the pixels
40 to generate the accumulated data. For example, the accumulated data corresponding to a specific one of the pixels
40 during a seventh frame may be generated by adding accumulated data obtained by adding the first data Data1
corresponding to the specific pixel 40 during first, second, third, fourth, fifth and sixth frame periods to the first data
corresponding to the specific pixel 40 during the seventh frame period.

[0071] The first operator 110 may change the bit value of the first data Data1 supplied during the current frame period
in response to driving temperature. The current driving temperature may be supplied from the temperature sensor 160.
The first operator 110 may add the changed first data Data1 to the accumulated data to generate new accumulated
data. More specifically, a deterioration rate of an OLED may vary in accordance with temperature. Therefore, the bit
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value of the first data Data1 may be changed based on the current temperature when the first data Data1 is supplied.
For example, the first operator 110 may add data of "0000000001" to the first data Data1 at specific temperature.
[0072] The first memory 130 may store accumulated data corresponding to the pixels 40. The total emission time of
the pixels 40 may be obtained using the accumulated data corresponding to the pixels 40. More specifically, in digital
driving, gray levels may be realized based on emission time. Because the emission time of each of the pixels 40 may
be determined based on the first data Data1, it is possible to determine total emission time of each of the pixels 40 using
the accumulated data of each of the pixels 40. In some embodiments, e.g., the first memory 130 may store the total
emission time of each of the pixels 40. That is, e.g., in the case of a 1024x768 pixel display, the first memory may store
at least 1024x768 values representing emission time for each of the pixels 40.

[0073] It should be understood that emission time is merely one type of operating parameter that can be used to
determine a brightness characteristic and other operating parameters that affect brightness variation can be used in
alternative embodiments.

[0074] The third memory 150 may store a lookup table including values for a brightness characteristic and correspond-
ing emission times. For example, corresponding values for the brightness characteristic and emission times of FIG. 2
may be stored in the third memory 150. Therefore, the first operator 110 may determine a degree of deterioration of the
pixels 40 using the brightness characteristic stored in the third memory 150 and the accumulated data stored in the first
memory 130. In embodiments of the invention, the first operator 110 may determine a degree of deterioration of each
of the pixels based on the brightness characteristic that may be stored in the third memory 150 and the accumulated
data that may be stored in the first memory 130.

[0075] The second operator 120 may change a bit value of the first data Data1 using information regarding brightness
of, e.g., the pixel 40 that has deteriorated the most and a maximum brightness of the pixels 40. The second operator
120 may determine the pixel 40 that has deteriorated the most from the first operator 110. The second operator 120
may generate the second data Data2 and may store the generated second data Data2 in the second memory 140.
[0076] More specifically, the first operator 110 may extract the largest accumulated data, i.e., the accumulated data
corresponding to the largest amount of emitted light, among the accumulated data stored in the first memory 130. For
example, the first operator 110 may calculate the maximum brightness of the most deteriorated pixel, i.e., the darkest
pixel, using the brightness characteristic stored in the third memory 150. The first operator 110 may supply the maximum
brightness to the second operator 120. That s, e.g., in embodiments, the first operator 110 may extract the accumulated
data of the currently input first data Data1, may calculate the maximum brightness of the extracted accumulated data
and may supply the maximum brightness to the second operator 120.

[0077] The second operator 120 may receive the maximum brightness of the darkest pixel 40 and the maximum
brightness of the pixel 40 to which the currently input first data Data1 is to be supplied and may change the first data
Data1 using Equation 1 to generate the respective second data Data2.

[0078]

[EQUATION 1]

Data2 = Datal x (max B of darkest pixel/max B of current pixel)

[0079] In Equation 1, B corresponds to brightness, the current pixel corresponds to the pixel of the pixels 40 to which
the respective first data Data1 is to be supplied. For example, when the maximum brightness of the darkest pixel 40 is
0.5 and the maximum brightness of the current pixel 40 is 1, using Equation 1, a bit value of the first data Data1 for the
current pixel 40 may reduced by 0.5. That is, the second operator 120 may control a bit value of the respective first data
Data1 so that the brightness of a less deteriorated pixel 40 may be completely and/or substantially equal to the maximum
brightness of the most deteriorated pixel 40 and may thereby generate the second data Data2. The second data Data2
for each of the pixels 40 may be stored in the second memory 140.

[0080] In some embodiments, the calculation of Equation 1 for determining the respective Data2 may be performed
for each of the pixels 40. In some embodiments, the calculation of Equation 1 for determining the respective Data2 may
be performed for only two or some of the pixels. For example, in some embodiments, a determination regarding the
most deteriorated and least deteriorated pixel of the pixels 40 may be made, and based on calculations for the most
deteriorate pixel and the least deteriorated pixel of the pixels 40, a predetermined value resulting from such calculations
may be employed for a remainder of the pixels 40.

[0081] The power source unit 200 may receive information on the brightness of the most deteriorated pixel 40 from
the first operator 110. The power source unit 200 may use the information on the brightness of the most deteriorated
pixel 40 to control a voltage value of the first power source ELVDD so that the brightness of the most deteriorated pixel
40 is completely and/or substantially equal to the initial brightness thereof (brightness before the respective OLED
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deteriorated). Then, the power source unit 200 may supply the first power source ELVDD whose voltage value may be
controlled to the pixels 40.

[0082] The power source unit 200 may control the voltage value of the first power source ELVDD so that the brightness
of the most deteriorated pixel 40, i.e., the darkest pixel, may be completely and/or substantially equal to the initial
brightness.

[0083] The second operator 120 may change the bit value of the first data Data1 and may generate the second data
Data2 using Equation 1. Accordingly, the maximum brightness of all of the pixels may be substantially and/or completely
equal to the maximum brightness of the most deteriorated pixel 40. The second operator 120 may store the generated
second data Data2 in the second memory 140.

[0084] The second data Data2 stored in the second memory 140 may be supplied to the timing controller 50. Then,
the timing controller 50 may calculate the emission time of the respective subfields using the second data Data2 supplied
thereto. The timing controller 50 may supply the third data Data3 corresponding to emission and non-emission to the
data driver 20 in units of subfields.

[0085] The data driver 20 may supply the first data signals and the second data signals in units of subfields to control
the emission and non-emission of the pixels 40. As described above, because the maximum brightness of the pixels 40
may be set to be substantially and/or completely equal to the maximum brightness of the most deteriorated pixel 40,
i.e., the darkest pixel, it may be possible to display an image with substantially and/or completely uniform brightness. In
addition, because the first power source ELVDD may be controlled so that the brightness of the most deteriorated pixel
40, i.e., the darkest pixel, may be as bright as the initial brightness thereof, it may be possible to display an image of
desired brightness. By setting a maximum brightness of the remaining pixels 40 to be substantially and/or completely
equal to a maximum brightness of the most deteriorated pixel, e.g., the darkest pixel, and by controlling the first power
source ELVDD, it may be possible to display an image of substantially and/or completely uniform desired brightness.
[0086] More particularly, in some embodiments of the invention the first power source ELVDD may be controlled based
on an amount of deterioration of the most deteriorated pixel, e.g., the darkest pixel. For example, a value of the first
power source ELVDD may be changed, e.g., increased, to compensate, e.g., substantially compensate and/or completely
compensate, for a reduced brightness of the display as a result of the deterioration of the most deteriorated pixel, and
the value of the first power source ELVDD resulting therefrom may be employed for all the pixels of the display.
[0087] FIG.5illustrates aflow chart of a method of substantially and/or completely compensating for OLED deterioration
according to an embodiment of the invention.

[0088] Referring to FIG. 5, the illustrated method begins S500 and includes storing a brightness characteristic corre-
sponding to an emission time of an OLED S510. While a sequence of events is described below, those skilled in the art
would appreciate that embodiments of the invention are not limited to the exact sequence set forth below.

[0089] Asdescribed above, the brightness characteristic may be stored in the third memory 150. Further, the brightness
characteristic may be, e.g., values corresponding to a look up table, values obtained by real-time measurement, etc.
During S520, accumulated data is generated by adding together current first data a previous current data associated
with previous frame(s). As discussed above, first data supplied to each of the pixels during previous frames may be
stored in the first memory 130. The first operator 110 may access the first memory 130 and add the current first data to
the previously stored first data corresponding to the previous frame(s) to generate new accumulated data. More partic-
ularly, e.g., once a current first data is determined according to the method, the new accumulated may be stored in the
first memory 130. Further, as discussed above, e.g., during an ith frame period, where i is a natural number, the first
operator 110 may supply the brightness of the largest accumulated data corresponding to the most deteriorated pixel
OLED among the accumulated data stored in the first memory 130 during an (i-1)th frame period to the second operator
120 and/or the power source unit 200.

[0090] During S530, a maximum brightness of a pixel to which current first data is to be supplied is determined. More
particularly, e.g., the maximum brightness of a pixel to which the current first data is to be supplied may be determined
by the first operator 110 based on the accumulated data stored in the first memory 130 and the brightness characteristic
stored in the third memory 150. The first operator 110 may supply to the second operator 120 a brightness of the
accumulated data (stored in the (i-1 th) frame) corresponding to the selected pixel to which the current first data is to be
supplied.

[0091] During S540, a maximum brightness of a most deteriorated pixel, e.g., pixel with largest accumulated data of
all the pixels, is determined by the second operator 120 based on the accumulated data stored in the first memory 130
and the brightness characteristic stored in the third memory 150.

[0092] During S550, respective second data may be generated by the second operator 120. As discussed above, the
respective second data is generated by controlling a bit value of the current first data based on the maximum brightness
of the most deteriorated pixel and the maximum brightness of the pixel to which the current first data is to be supplied.
[0093] During step S560, a voltage value of the first power source ELVDD may be adjusted. As discussed above,
e.g., a voltage value of the first power source ELVDD is increased to help maintain an overall brightness of the display.
More particularly, e.g., the voltage value of the first power source ELVDD may be increased relative to the deterioration
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of the OLED of the most deteriorated pixel.

[0094] It should be understood that while a single pixel has been described as a most deteriorated pixel, embodiments
of the invention are not limited thereto. For example, in some embodiments, characteristics of a plurality of the pixels
suffering from relatively higher levels of OLED deterioration may be considered.

[0095] FIG. 6 illustrates an organic light emitting display according to another embodiment of the invention. FIG. 7
illustrates a schematic diagram of a brightness characteristic measuring unit 300 of the display of FIG. 6. In general,
only differences between the embodiment of FIG. 3 and the embodiment of FIG. 6 will be described below.

[0096] Referring to FIG. 6, the organic light emitting display includes a brightness characteristic measuring unit 300,
a first operator 210 and a third memory 220. The brightness characteristic measuring unit 300 may supply a brightness
characteristic corresponding to an emission time to the first operator 210. More particularly, the brightness characteristic
measuring unit 300 may supply a brightness characteristic corresponding to an emission time of a corresponding one
of the pixels 40 to the first operator 210. The first operator 210 may store the brightness characteristic corresponding to
the emission time in a third memory 220.

[0097] In the embodiment of FIG. 3, values of the brightness characteristic corresponding to emission time may be
predetermined values that are previously stored in the third memory 150. In such a case, the correctness of the brightness
characteristic corresponding to emission time may be reduced due to material characteristic and/or process deviation
of the respective OLED. In the embodiment of FIG. 6, while values of the brightness characteristic corresponding to
emission time may be stored in the third memory 220, the values may be obtained by the brightness characteristic
measuring unit as a result of a current measurement, e.g., measurement in real time. That is, in embodiments, the
brightness characteristic of the OLED may be measured in real time using the brightness characteristic measuring unit
300.

[0098] Referring to FIG. 7, the brightness characteristic measuring unit 300 may include a dummy pixel 302, a photo
sensor 304, an amplifier 306, and an analog-digital converter (ADC) 308.

[0099] The dummy pixel 302 may be provided in a region excluding the pixel unit 30. The dummy pixel 302 may include
a first transistor M1’ between the first power source ELVDD and the second power source ELVSS and an OLED. The
first transistor M1’ may receive a bias voltage to control an amount of current that may be supplied from the first power
source ELVDD to the OLED. Current supplied from the first transistor M’ may be set to be equal to current that flows
when the pixel 40 emits light.

[0100] Asdescribed above, the dummy pixel 302 may always be driven when a power source is supplied to the organic
light emitting display. That is, a bias voltage bias may be supplied when the power source is supplied to the organic light
emitting display, so the OLED may always generate light while the power source is supplied. Therefore, the OLED
included in the dummy pixel 302 may deteriorate faster than the pixels 40 included in the pixel unit 30.

[0101] The photo sensor 304 may sense an amount of light generated by the OLED. The photo sensor 304 may
generate an analog signal corresponding to the amount of light.

[0102] The amplifier 306 may amplify an analog signal supplied from the photo sensor 304 and may supply the analog
signal to the ADC 308. The ADC 308 may convert the analog signal into a digital signal and may supply the digital signal
to the first operator 210. Then, the first operator 210 may store the digital signal corresponding to driving time, i.e., time
for which the power source is supplied, in the third memory 220. That is, information, e.g., values corresponding to
information like that of FIG. 2, on the brightness corresponding to time may be stored in the third memory 220.

[0103] As described above, the brightness characteristic measuring unit 300 may measure information on the dete-
rioration of the OLED in real time and may supply the information to the first operator 210. In such embodiments, the
brightness characteristic corresponding to the process deviation of the OLED may be correctly stored in the third memory
220.

[0104] FIG. 8 illustrates a circuit diagram of a pixel 4 of the described organic light emitting display, e.g., such as the
pixels 40 in the organic light emitting displays of FIGS. 3 and 6.

[0105] Referring to FIG. 8, the pixel 4 includes an organic light emitting diode OLED and a pixel circuit 2 electrically
coupled to a data line Dm and a scan line Sn. The pixel circuit 2 may control the OLED. An anode electrode of the OLED
is coupled to the pixel circuit 2 and a cathode electrode of the OLED is coupled to a second power source ELVSS. The
OLED may generate light with predetermined brightness corresponding to current supplied from the pixel circuit 2.
[0106] The pixel circuit 2 may control an amount of current supplied to the OLED based on a data signal supplied to
the data line Dm when a scan signal is supplied to the scan line Sn. The pixel circuit 2 includes a first transistor M1
coupled to the data line Dm and the scan line Sn, a second transistor M2 coupled to the first transistor M1, the first power
source ELVDD and the OLED and a storage capacitor C coupled between a gate electrode and a first electrode of the
second transistor M2.

[0107] A gate electrode of the first transistor M1 is coupled to the scan line Sn and a first electrode is coupled to the
data line Dm. A second electrode of the first transistor M1 is coupled to a first terminal of the storage capacitor C. The
first electrode of the first transistor M1 is set as one of a source electrode and a drain electrode and the second electrode
of the first transistor M1 is set as the other of the source electrode and the drain electrode. The first transistor M1 coupled
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to the scan line Sn and the data line Dm may be turned on when a scan signal is supplied from the scan line Sn to supply
a data signal supplied from the data line Dm to the storage capacitor C. At this time, the storage capacitor C may charge
a voltage corresponding to the data signal.

[0108] The gate electrode of the second transistor M2 is coupled to one terminal of the storage capacitor C and the
first electrode is coupled to the other terminal of the storage capacitor C and the first power source ELVDD. A second
electrode of the second transistor M2 is coupled to the anode electrode of the OLED. The second transistor M2 may
control an amount of current supplied from the first power source ELVDD to the second power source ELVSS via the
OLED to correspond to a voltage value stored in the storage capacitor C. At this time, the OLED may generate light
corresponding to the amount of current supplied from the second transistor M2.

[0109] The pixel 4 may display an image with predetermined brightness while repeating the above-described proc-
esses. Further, in digital driving where the second transistor M2 may be operated by a switch, the first power source
ELVDD and the second power source ELVSS may be directly supplied to the OLED and the OLED may emit light by
constant voltage driving.

[0110] Embodiments of the invention may reduce a maximum brightness of remaining pixels, e.g., pixels other than
a most deteriorated pixel, to a maximum brightness of the most deteriorated pixel, such that it may be possible to display
an image with completely and/or substantially uniform brightness.

[0111] Embodiments of the invention may also control a voltage of a first power source so that the most deteriorated
pixel may emit light with initial brightness, such that it may be possible to display an image with desired brightness.
[0112] Embodiments of the invention 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. Accordingly,
it will be understood by those of ordinary skill in the art that various changes in form and details may be made without
departing from the scope of the following claims.

Claims
1. A method of driving an organic light emitting display, comprising:

storing a brightness characteristic corresponding to an operating parameter of an organic light emitting diode
(OLED);

generating accumulated data by adding together first data supplied in units of frames to each of a plurality of
pixels, the accumulated data for each of the pixels corresponding to the said operating parameter of the respective
one of the plurality of pixels;

determining a maximum brightness of a selected one of the pixels to which current first data is to be supplied
based on the accumulated data corresponding to the selected pixel and the stored brightness characteristic;
determining a maximum brightness corresponding to the said operating parameter of alargest of the accumulated
data among the accumulated data for each of the pixels; and

generating second data by controlling a bit value of the current first data using the maximum brightness of the
selected pixel to which the current first data is to be supplied and the maximum brightness of the largest
accumulated data.

2. A method as claimed in claim 1, further comprising controlling a voltage value of a first power source supplied to
the pixels in response to the maximum brightness of the largest accumulated data.

3. A method as claimed in claim 1 or 2, wherein generating second data includes reducing the maximum brightness
of the selected pixel to which the current first data is to be supplied to the maximum brightness of the largest
accumulated data.

4. A method as claimed in claim 3, wherein generating the second data includes determining a maximum bit value of
the second data by dividing the maximum brightness of the largest accumulated data by the maximum brightness
of the selected pixel and multiplying a result thereof to a maximum bit value of the current first data.

5. A method as claimed in any preceding claim, further comprising supplying the second data to pixels such that the
pixels emit light or do not emit light in a plurality of sub frames included in a frame in response to the second data

to display gray scales.

6. A method as claimed in claim 5, wherein current flows from the first power source to a second power source via the
OLED when the pixels emit light.
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A method as claimed in claim 6, wherein controlling a voltage value of the first power source includes controlling
the voltage value of the first power source so that an OLED included in the pixel having the largest accumulated
data emits light having completely and/or substantially a same brightness as an initial brightness of the OLED.

A method as claimed in any preceding claim, wherein controlling a voltage value of the first power source includes
increasing the voltage value of the first power source as the OLED deteriorates.

A method according to any preceding claim, wherein the said operating parameter is emission time.
A method as claimed in claim 9, wherein storing the brightness characteristic comprises:

supplying current to an OLED included in a dummy pixel when the first power source is supplied to the organic
light emitting display;

measuring an amount of light generated by the OLED included in the dummy pixel; and

storing a brightness characteristic corresponding to emission time based on the measured amount of light.

A method as claimed in any preceding claim, further comprising:

measuring current temperature when the current first data is supplied; and
changing a bit value of the current first data based on the measured current temperature.

An organic light emitting display, comprising:

a scan driver adapted to sequentially supply scan signals during scan periods of a plurality of subfields included
in one frame;

a data driver adapted to supply at least one of first data signals in response to which pixels emit light and second
data signals in response to which the pixels do not emit light when the scan signals are supplied;

a deterioration compensator adapted to generate second data by controlling a bit value of respective current
first data supplied to remaining ones of a plurality of pixels to have substantially and/or completely a same
maximum brightness as the pixel of the plurality of pixels having a first maximum brightness, the first maximum
brightness being a relatively lowest maximum brightness; and

a timing controller adapted to receive the second data and supply third data for controlling emission time by
subfields to the data driver.

An organic light emitting display as claimed in claim 12, wherein the deterioration compensator comprises:

a third memory adapted to store a brightness characteristic corresponding to emission time of an OLED;

a first operator adapted to store accumulated data of the pixels generated by accumulating previously supplied
first data associated with previous frames and the current first data in a first memory and to extract the first
maximum brightness corresponding to a largest accumulated data among the accumulated data stored in the
first memory and a second maximum brightness of accumulated data corresponding to the remaining pixels to
which the current first data is to be supplied;

a second operator adapted to generate the second data by changing the bit value of the current first data using
the first maximum brightness and the second maximum brightness supplied from the first operator; and

a second memory adapted to store the second data generated by the second operator.

The organic light emitting display as claimed in claim 13, wherein the first operator is adapted to extract the first
maximum brightness and the second maximum brightness using the accumulated data stored in an (i-1)th frame

period when the current first data corresponding to an ith frame is supplied.

An organic light emitting display as claimed in claim 13 or 14, wherein the second operator is adapted to generate
the second data as follows: Second data = First data X (first maximum brightness/second maximum brightness).

An organic light emitting display as claimed in claim 13, 14 or 15, further comprising a temperature sensor adapted
to supply a current driving temperature to the first operator, and the first operator is adapted to change a bit value

of the current first data based on the current driving temperature.

An organic light emitting display as claimed in one of claims 13 to 16, further comprising a brightness characteristic
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measurer adapted to measure a brightness characteristic corresponding emission time of the OLED.
An organic light emitting display as claimed in claim 17, wherein the brightness characteristic measurer comprises:

a dummy pixel, the dummy pixel maintaining an emission state during a period where a power source is supplied
to the organic light emitting display;

a photo sensor adapted to measure an amount of light generated by the dummy pixel;

an amplifier adapted to amplify an analog signal supplied from the photo sensor; and

an analog digital converter adapted to change the amplified analog signal into a digital signal.

The organic light emitting display as claimed in claim 20, wherein the first operator is adapted to store the digital
signal corresponding to a driving time of the dummy pixel in the third memory.

An organic light emitting display as claimed in one of Claims 13 to 19, further comprising a power source controller
adapted to control a voltage value of a power source supplied to a pixel associated with the largest accumulated
data among the accumulated data stored in the first memory based on an initial brightness of an OLED included in
the pixel.
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