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where the first image data corresponds to the first pixel. The
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the second critical grayscale value as first corrected image
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ORGANIC LIGHT EMITTING DISPLAY
APPARATUS AND METHOD OF DRIVING
THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This is a continuation application based on pending
application Ser. No. 14/922,357, filed Oct. 26, 2015, the
entire contents of which is hereby incorporated by reference.
[0002] Korean Patent Application No. 10-2014-0179367,
filed on Dec. 12, 2014, and entitled, “Organic Light Emitting
Display Apparatus and Method Of Driving The Same,” is
incorporated by reference herein in its entirety.

BACKGROUND

1. Field

[0003] One or more embodiments described herein relate
to an organic light emitting display apparatus and a method
for driving an organic light emitting display apparatus.

2. Description of the Related Art

[0004] Various types of flat panel displays have been
developed. Examples include liquid crystal displays, field
emission displays, plasma displays, and organic light emit-
ting displays. Organic light emitting displays are lighter and
thinner than other types of displays and tend to have a wider
viewing angl, faster response times, and lower power con-
sumption.

[0005] In an organic light emitting display, images are
generated based on light emitted from organic light emitting
diodes. Each diode emits light based on the recombination
of electrons and holes in an emission layer. The amount of
light emitted varies based on an applied current. When a low
grayscale image is displayed, low grayscale stains may form
because it is difficult to finely control the current driving the
diodes. This may be attributed, at least in part, by the
sensitivity of the diodes in the low grayscale range.

SUMMARY

[0006] In accordance with one or more embodiments, an
organic light emitting display apparatus includes a display
including a first data line connected to a first pixel; a
comparator to compare first image data of input image data
to at least one of a first critical grayscale value or a second
critical grayscale value, the first image data corresponding to
the first pixel; a data generator to determine one of the first
critical grayscale value or the second critical grayscale value
as first corrected image data when the first image data is
equal to or greater than the first critical grayscale value but
lower than the second critical grayscale value; a source
driver to output a data signal corresponding to input data to
the first data line; and an output to output the first corrected
image data to the source driver.

[0007] The first image data may range between a lower
grayscale value and an upper grayscale value, and when the
first image data is equal to or greater than the lower
grayscale value but lower than the first critical grayscale
value, or the first image data ranges between the second
critical grayscale value and the upper grayscale value, the
data generator may determine the first image data as the first
corrected image data.
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[0008] The apparatus may include a position determiner to
determine a position of the first pixel of the display, wherein,
when the first image data is equal to or greater than the first
critical grayscale value but lower than the second critical
grayscale value, the data generator is to determine one of the
first critical grayscale value or the second critical grayscale
value as the first corrected image data based on a dithering
algorithm and the determined position of the first pixel.
[0009] The position determiner may determine the posi-
tion of the first pixel as one of a first position or a second
position, when the first image data is equal to or greater than
the first critical grayscale value but lower than the second
critical grayscale value and the position of the first pixel is
the first position, the data generator may determine the
second critical grayscale value as the first corrected image
data, and when the first image data is equal to or greater than
the first critical grayscale value but lower than the second
critical grayscale value and the position of the first pixel is
the second position, the data generator determines the first
critical grayscale value as the first corrected image data.
[0010] The position determiner may store a plurality of
dithering patterns, each of the dithering patterns having data
elements, each of the data elements having a first value or a
second value, select one of the dithering patterns corre-
sponding to the first image data, select one of the data
elements of the selected dithering pattern corresponding to
the position of the first pixel, determine the position of the
first pixel as the first position when the selected data element
has the first value, and determine the position of the first
pixel as the second position when the selected data element
has the second value.

[0011] The apparatus may include an order determiner to
determine an order of an image frame including the input
image data, wherein: when the first image data is equal to or
greater than the first critical grayscale value but lower than
the second critical grayscale value, the data generator may
determine one of the first critical grayscale value or the
second critical grayscale value as the first corrected image
data based on a dithering algorithm, the determined order of
the image frame, and the determined position of the first
pixel.

[0012] The position determiner may determine the posi-
tion of the first pixel as one of a first position or a second
position based on the determined order of the image frame,
when the first image data is equal to or greater than the first
critical grayscale value but lower than the second critical
grayscale value and the position of the first pixel is the first
position, the data generator may determine the second
critical grayscale value as the first corrected image data, and
when the first image data is equal to or greater than the first
critical grayscale value but lower than the second critical
grayscale value and the position of the first pixel is the
second position, the data generator may determine the first
critical grayscale value as the first corrected image data.
[0013] When the order of the image frame including the
input image data is an odd number, the order determiner may
determine the order of the image frame as a first turn. When
the order of the image frame including the input image data
is an even number, the order determiner may determine the
order of the image frame as a second turn. The position
determiner may store first and second pattern sets, each of
the first and second pattern sets includes a plurality of
dithering patterns, each of the dithering patterns including
data elements, each data element having a first value or a
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second value. The position determiner may select the first
pattern set when the order of the image frame is the first turn
or the second pattern set when the order of the image frame
is the second turn, select one of the dithering patterns of the
selected pattern set that corresponds to the first image data,
select one of the data elements of the selected dithering
pattern that corresponds to the position of the first pixel,
determine the position of the first pixel as the first position
when the selected data element has the first value, and
determine the position of the first pixel as the second
position when the selected data element has the second
value.

[0014] The comparator may compare the first image data
with the first critical grayscale value to an n-th critical
grayscale value, and when the first image data is equal to or
greater than a k-th critical grayscale value but lower than a
(k+1)-th critical grayscale value, the data generator may
determine one of the k-th critical grayscale value or the
(k+1)-th critical grayscale value as the first corrected image
data, where n is an integer equal to or greater than 2 and k
is an integer ranging between 1 and (n-1).

[0015] The first image data may range between a lower
grayscale value and a upper grayscale value, and when the
first image data is equal to or greater than the lower
grayscale value but lower than the first critical grayscale
value, or the first image data ranges between the n-th critical
grayscale value and the upper grayscale value, the data
generator may determine the first image data as the first
corrected image data.

[0016] The apparatus may include a position determiner to
determine a position of the first pixel on the display,
wherein: when the first image data is equal to or greater than
the k-th critical grayscale value but lower than the (k+1)-th
critical grayscale value, the data generator may determine
one of the k-th critical grayscale value or the (k+1)-th critical
grayscale value as the first corrected image data based on a
dithering algorithm and the determined position of the first
pixel.

[0017] The position determiner may determine the posi-
tion of the first pixel as one of a first position or a second
position, when the first image data is equal to or greater than
the k-th critical grayscale value but lower than the (k+1)-th
critical grayscale value and the position of the first pixel is
the first position, the data generator determine the (k+1)-th
critical grayscale value as the first corrected image data, and
when the first image data is equal to or greater than the k-th
critical grayscale value but lower than the (k+1)-th critical
grayscale value and the position of the first pixel is the
second position, the data generator may determine the k-th
critical grayscale value as the first corrected image data.
[0018] The apparatus may include an order determiner to
determine an order of an image frame including the input
image data, wherein: when the first image data is equal to or
greater than the k-th critical grayscale value but lower than
the (k+1)-th critical grayscale value, the data generator may
determine the k-th critical grayscale value or the (k+1)-th
critical grayscale value as the first corrected image data
based on a dithering algorithm, the determined order of the
image frame, and the determined position of the first pixel.
[0019] The position determiner may determine the posi-
tion of the first pixel as one of a first position or a second
position based on the determined order of the image frame,
when the first image data is equal to or greater than the k-th
critical grayscale value but lower than the (k+1)-th critical
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grayscale value and the position of the first pixel is the first
position, the data generator may determine the (k+1)-th
critical grayscale value as the first corrected image data, and
when the first image data is equal to or greater than the k-th
critical grayscale value but lower than the (k+1)-th critical
grayscale value and the position of the first pixel is the
second position, the data generator may determine the k-th
critical grayscale value as the first corrected image data. The
first image data may range between a lower grayscale value
and an upper grayscale value, the first critical grayscale
value corresponding to the lower grayscale value.

[0020] In accordance with one or more other embodi-
ments, a method for driving an organic light emitting display
apparatus includes receiving first image data corresponding
to a first pixel; determining a position of the first pixel,
comparing the first image data with a first critical grayscale
value; and when the first image data ranges between a lower
grayscale value and the first critical grayscale value, setting
one of the lower grayscale value or the first critical grayscale
value as first corrected image data based on a dithering
algorithm and the determined position of the first pixel, and
when the first image data is greater than the first critical
grayscale value but equal to or lower than an upper grayscale
value, setting the first image data as the first corrected image
data.

[0021] Determining the position of the first pixel may
include storing a plurality of dithering patterns, each of the
dithering patterns including data elements, each of the data
elements having a first value or a second value, selecting one
of the dithering patterns corresponding to the first image
data, selecting one of the data elements of the selected
dithering pattern corresponding to the position of the first
pixel, determining the position of the first pixel as a first
position when the selected data element has the first value,
and determining the position of the first pixel as a second
position when the selected data element has the second value
[0022] The setting operation may include determining the
first critical grayscale value as the first corrected image data
when the first image data ranges between the lower gray-
scale value and the first critical grayscale value and the
position of the first pixel is the first position, or determining
the lower grayscale value as the first corrected image data
when the first image data ranges between the lower gray-
scale value and first critical grayscale value and the position
of the first pixel is the second position.

[0023] The method may include determining an order of
an image frame including the first image data, wherein,
when the first image data is between the lower grayscale
value and the first critical grayscale value, the setting
includes determining one of the lower grayscale value and
the first critical grayscale value as the first corrected image
data based on a dithering algorithm, the determined order of
the image frame, and the determined position of the first
pixel.

[0024] Determining the order of the image frame may
include determining the order of the image frame as a first
turn when the order of the image frame including the first
image data is an odd number, and determining the order of
the image frame as a second turn when the order of the
image frame including the first image data is an even
number.

[0025] Determining of the position of the first pixel may
include storing first and second pattern sets, each of the first
and second pattern sets including a plurality of dithering
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patterns, each of the dithering patterns including data ele-
ments, each of the data elements having a first value or a
second value, selecting the first pattern set when the order of
the image frame is the first turn or the second pattern set
when the order of the image frame is the second turn,
selecting one of the dithering patterns of the selected pattern
set that corresponds to the first image data, selecting one of
the data elements of the selected dithering pattern corre-
sponding to the position of the first pixel, determining the
position of the first pixel as the first position when the
selected data element has the first value, and determining the
position of the first pixel as the second position when the
selected data element has the second value,

[0026] The setting operation may include determining the
first critical grayscale value as the first corrected image data
when the first image data ranges between the lower gray-
scale value and the first critical grayscale value and the
position of the first pixel is the first position, or determining
the lower grayscale value as the first corrected image data
when the first image data ranges between the lower gray-
scale value and the first critical grayscale value and the
position of the first pixel is the second position.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] Features will become apparent to those of skill in
the art by describing in detail exemplary embodiments with
reference to the attached drawings in which:

[0028] FIG. 1 illustrates an embodiment of an organic
light emitting display apparatus;

[0029] FIG. 2 illustrates an embodiment of a control unit;
[0030] FIG. 3 illustrates examples of dithering patterns;
[0031] FIG. 4 illustrates more examples of dithering pat-
terns;

[0032] FIG. 5 illustrates an embodiment of a method for

dividing pixel positions

[0033] FIGS. 6A and 6B illustrate embodiments of a
method for determining output image data; and

[0034] FIG. 7 illustrates an embodiment of a method for
driving an organic light emitting display apparatus.

DETAILED DESCRIPTION

[0035] 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.

[0036] FIG. 1 illustrates an embodiment of an organic
light emitting display apparatus 10 which includes a control
unit 100, a display unit 200, a gate driver 300, and a source
driver 400. The control unit 100, the gate driver 300, and the
source driver 400 may be respectively formed on separate
semiconductor chips or may be integrated on a single
semiconductor chip. In addition, the control unit 100, the
gate driver 300, and/or the source driver 400 may be on the
same substrate on which the display unit 200 is formed.
[0037] The organic light emitting display apparatus 10
displays images based on light emitted from pixels P. The
organic light emitting display apparatus 10 may be an
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electronic apparatus such as a smartphone, a personal com-
puter (PC), a laptop PC, a monitor, a TV, or another device.
Also, the organic light emitting display apparatus 10 may be
an image display component of such an electronic apparatus.

[0038] The organic light emitting display apparatus 10
receives image frames, for example, from an external
source. The image frames may be sequentially displayed to
present form a moving image. Each image frame may
include input image data I1ID which includes information
corresponding to the luminance of light to be emitted from
the pixels P. The number of bits of the input image data ITD
may be determined according to given luminance levels.

[0039] For example, the input image data IID may be an
8-bit digital signal to display a grayscale range of 256
luminance levels. In this case, the darkest value may corre-
spond to a first level and the brightest value may correspond
to a 256™ level. Thus, the input image data IID correspond-
ing the first level may be 0, and input image data 1ID
corresponding to the 256th level may be 255. The darkest
value of the grayscale range may be referred to as a minimal
grayscale value, and the brightest value may be referred to
as a maximal grayscale value. The number of luminance
values may be 64, 1024, or another range of levels in another
embodiment.

[0040] The control unit 100 is connected to the display
unit 200, the gate driver 300, and the source driver 400. The
control unit 100 receives input image data IID and outputs
first control signals CON1 to the gate driver 300. The first
control signals CON1 may include a vertical synchroniza-
tion signal VSYNC. In one embodiment, the first control
signals CON1 may include control signals to be used by the
gate driver 300 to output scan signals SCAN1 TO SCANm
synchronized with the vertical synchronization signal
VSYNC. The control unit 100 outputs second control signals
CON2 to the source driver 400.

[0041] The control unit 100 generates output image data
OID to the source driver 400. The second control signals
CON2 include control signals to be used by the source driver
400 to output data signals DATA1 to DATAn corresponding
to the output image data OID. The output image data OID
may include image information to be used for generating the
data signals DATA1 to DATAn. The output image data OID
may be obtained by correcting the input image data 1D
received from an external device.

[0042] The display unit 200 includes a plurality of pixels
P, a plurality of scan lines each connected to pixels P of a
row of the pixels P, and a plurality of data lines connected
to pixels P of a column of pixels. For example, in FIG. 1, the
display unit 200 includes a first pixel P1, a first scan line
SCANa connected to all pixels P of a row in which the first
pixel P1 is included, and a first data line DATAb connected
to all pixels P of a column in which the first pixel P1 is
included.

[0043] The first pixel P1 includes a pixel circuit that
receives power to control a driving current and an organic
light emitting diode for emitting light with a luminance level
corresponding to the driving current. The pixel circuit out-
puts the driving current based on a power voltage and a data
signal. The driving current is output to the anode of an
organic light emitting diode. The organic light emitting
diode emits light corresponding to a current flowing between
the anode and its cathod.
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[0044] The gate driver 300 outputs the scan signals
SCAN1 to SCANm to the scan lines, for example, in
synchronization with the vertical synchronization signal
VSYNC.

[0045] The source driver 400 outputs the data signals
DATA1 to DATAn to the data lines in synchronization with
the scan signals SCAN1 TO SCANm. The source driver 400
outputs the data signals DATA1 to DATAn in proportion to
image data from the data lines.

[0046] An embodiment of a method for generating output
image data OID from input image data IID using the control
unit 100 will now be described.

[0047] FIG. 2 illustrates an embodiment of the control unit
100. Referring to FIG. 2, the control unit 100 includes an
order determining unit 110, a position determining unit 120,
a comparing unit 130, a data setting unit 140, and an output
unit 150.

[0048] The order determining unit 110 determines the
order of image frames, each of which includes input image
data I1D received, for example, from an external source. For
example, the order of an odd numbered image frame
received from the external source may be determined as a
first turn by the order determining unit 110, and the order of
an even numbered image frame of the plurality of image
frames may be determined as a second turn by the order
determining unit 110.

[0049] The position determining unit 120 may determine
the position of the first pixel P1 in the display unit 200. For
example, the position determining unit 120 may store a
plurality of dithering patterns containing data elements, each
having a first value or a second value. If the input image data
1ID received from an external device and corresponding to
the first pixel P1 is referred to as first image data, the
position determining unit 120 may select one of the dither-
ing patterns corresponding to the first image data. The
position determining unit 120 may select one of the dither-
ing patterns, for example, in consideration of or regardless
of an order defined by the order determining unit 110.
[0050] Thereafter, the position determining unit 120 may
select one of the data elements of the selected dithering
pattern that corresponds to the position of the first pixel P1.
If the selected data element has the first value, the position
determining unit 120 may determine the position of the first
pixel P1 as a first position. If the selected data element is the
second value, the position determining unit 120 may deter-
mine the position of the first pixel P1 as a second position.
[0051] The comparing unit 130 compares the first image
data with a first critical grayscale value and a second critical
grayscale value. Output image data OID corresponding to
the first pixel P1 may be referred to as first cotrected image
data. The data setting unit 140 may generate the first
corrected data from the first image data based on results of
the comparison. The comparing unit 130 may compare the
first image data with first to nth critical grayscale values TH1
to THn. In this case, the data setting unit 140 may generate
the first corrected image data from the first image data based
on results of the comparison by the comparing unit 130.
[0052] The first critical grayscale value may be equal to a
lower (e.g., the minimal) grayscale value. In this case, the
comparing unit 130 may omit a procedure of comparing the
first image data with the first critical grayscale value. For
example since the first image data is always equal to or
greater than the minimal grayscale value, it may not neces-
sary to compare the first image data with the first critical
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grayscale value. The following description will be presented
under the assumption that the first critical grayscale value is
equal to the lower grayscale value. The first critical gray-
scale value may correspond to another grayscale value in a
predetermined range of grayscale values in another embodi-
ment. The output unit 150 outputs the first corrected image
data to the source driver 400.

[0053] FIG. 3 illustrates examples of dithering patterns
including first to fifth dithering patterns DP1 to DPS. In
these examples, the first to fifth dithering patterns DP1 to
DP5 are 2x2 data matrixes. The first to fifth dithering
patterns DP1 to DP5 include data elements having at least
one of a first value or a second value. In FIG. 3, the first
value is and the second value is O.

[0054] The first dithering pattern DP1 has four data ele-
ments equal to the second value. The second dithering
pattern DP2 has one data element equal to the first value and
three data elements equal to the second value. The third
dithering pattern DP3 has two data elements equal to the first
value and two data elements equal to the second value. The
fourth dithering pattern DP4 has three data elements equal to
the first value and one data element equal to the second
value. The fifth dithering pattern DP5 has four data elements
equal to the first value.

[0055] The position determining unit 120 select one of the
first to fifth dithering patterns DP1 to DP5 based on the value
of first image data. For example, the position determining
unit 120 may select the first dithering pattern DP1 when the
first image data is 0. The position determining unit 120 may
select the second dithering pattern DP2 when the first image
data is 1. The position determining unit 120 may select the
third dithering pattern DP3 when the first image data is 2.
The position determining unit 120 may select the fourth
dithering pattern DP4 when the first image data is 3. The
position determining unit 120 may select the fifth dithering
pattern DP5 when the first image data is 4. The dithering
patterns may be stored in a memory of the control unit 100
in the form of a look-up table. The position determining unit
120 may select a dithering pattern corresponding to the first
image data from the look-up table.

[0056] In FIG. 3, the dithering patterns are 2x2 data
matrixes. The dithering patterns may correspond to matrixes
of different sizes in another embodiment. Also, in FIG. 3,
five dithering patterns are illustrated. However, a different
number of dithering patterns may be used in another
embodiment. For example, in one embodiment, the number
of dithering patterns may be equal to the number of gray-
scale values counted from a lower (e.g., minimal) grayscale
value to the first critical grayscale value TH1.

[0057] FIG. 4 illustrates other examples of dithering pat-
terns which five dithering patterns DP11 to DP15 grouped in
a first pattern set, and five dithering patterns DP21 to DP25
grouped in a second pattern set. The dithering patterns DP11
to DP15 and dithering patterns DP21 to DP25 may be 2x2
data matrixes. The dithering patterns DP11 to DP15 and the
dithering patterns DP21 to DP25 may include data having at
least one of a first value or a second value. In FIG. 4, the first
value is 1 and the second value is 0.

[0058] For example, each of the dithering patterns DP11
and DP21 has four data elements equal to the second value.
Each of the dithering patterns DP12 and DP22 has one data
element equal to the first value and three data elements equal
to the second value. Each of the dithering patterns DP13 and
DP23 has two data elements equal to the first value and two
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data elements equal to the second value. Each of the
dithering patterns DP14 and DP24 has three data elements
equal to the first value and one data element equal to the
second value. Each of the dithering patterns DP15 and DP25
has four data elements equal to the first value.

[0059] Each of the dithering patterns of the first pattern set
may have a different data element arrangement compared to
the data element arrangement of a corresponding one of the
dithering patterns of the second pattern set. For example, in
the dithering pattern DP13 corresponding to the dithering
pattern DP23, a left-upper data element and a right-lower
data element may have the first value, and a right-upper data
element and a left-lower data element may have the second
value. However, in the dithering pattern DP23, a left-upper
data element and a right-lower may have the second value,
and a right-upper data element and a left-lower data element
may have the second value.

[0060] The order determining unit 110 may determine the
order of an image frame as a first turn or a second turn
according to the order of the image frame including first
image data. For example, the order of an odd-numbered
image frame of a plurality of image frames received from an
external device may be determined as a first turn by the order
determining unit 110, and the order of an even-numbered
image frame of the plurality of image frames may be
determined as a second turn by the order determining unit
110.

[0061] The position determining unit 120 may select one
of the dithering patterns DP11 to DP15 or the dithering
patterns DP21 to DP25 based on the order of the image
frames determined by the position determining unit 120 and
the value of the first image data. For example, if the first
image data is 0, the position determining unit 120 may select
one of the dithering pattern DP11 or the dithering pattern
DP21. If the first image data is 1, the position determining
unit 120 may select one of the dithering pattern DP12 or the
dithering pattern DP22. If the first image data is 2, the
position determining unit 120 may select one of the dither-
ing pattern DP13 or the dithering pattern DP23. If the first
image data is 3, the position determining unit 120 may select
one of the dithering pattern DP14 or the second-fourth
dithering pattern DP24. If the first image data is 4, the
position determining unit 120 may select one of the dither-
ing pattern DP15 or the second-fifth dithering pattern DP25.
[0062] In addition, if the order of an image frame is
determined as a first turn, the position determining unit 120
may select a dithering pattern in the first pattern set. If the
order of the image frame is determined as a second turn, the
position determining unit 120 may select a dithering pattern
in the second pattern set. The dithering patterns may be
stored in a memory of the control unit 100, for example, in
the form of a look-up table. The position determining unit
120 may select a dithering pattern corresponding to the first
image data from the look-up table.

[0063] In FIG. 4, the dithering patterns are 2x2 data
matrixes. However, the dithering patterns may be matrixes
of a different size in another embodiment. Also, in FIG. 4,
five dithering patterns are in each pattern set. However, each
pattern may have a different number of dithering patterns in
another embodiment. For example, each pattern may have a
number of dithering patterns equal to the number of gray-
scale levels counted from a lower (e.g., minimal) grayscale
value to a first critical grayscale value TH1. Also, in FIG. 4,
two pattern sets are illustrated. However, a different number
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of pattern sets (e.g., greater than two) may be included in
another embodiment. For example, the number of pattern
sets may be determined according to a time-based dithering
algorithm to be used.

[0064] FIG. 5 illustrates an embodiment of a method for
determining pixel positions. Referring to FIG. 5, the position
determining unit 120 divides all the pixels P of the display
unit 200 using masks of a predetermined size. The prede-
termined size may be, for example, the same size as the size
of dithering patterns. For example, as shown in FIG. 5, when
dithering patterns are 2x2 data matrixes, the position deter-
mining unit 120 may divide all the pixels P of the display
unit 200 using 2x2 masks, each containing two pixels P in
a row and two pixels P in a column.

[0065] Thereafter, the position determining unit 120
selects one of data elements of a selected dithering pattern
that corresponds to the position of the first pixel P1 using a
mask. For example, the position determining unit 120 selects
one of data elements of the selected dithering pattern that
corresponds to the position of the first pixel P1 on a mask
containing the first pixel P1.

[0066] Forexample, the case where the position determin-
ing unit 120 does not consider an order determined by the
order determining unit 110 and a-th image data correspond-
ing to an a-th pixel Pa is 1 may be considered. In this case,
since the a-th image data is 1, the position determining unit
120 selects the second dithering pattern DP2 from the
dithering patterns DP1 to DP5. In addition, since the a-th
pixel Pa is at a right-upper position in a mask, the second
value, which is a right-upper data element of the dithering
pattern DP2, may be selected by the position determining
unit 120 as a data element corresponding to the position of
the a-th pixel Pa.

[0067] In another example, the case where the position
determining unit 120 considers an order determined as a first
turn by the order determining unit 110 and b-th image data
corresponding to a b-th pixel Pb is 3 may be considered. In
this case, since the order determined by the order determin-
ing unit 110 is a first turn and the b-th image data is 3, the
position determining unit 120 selects the dithering pattern
DP14 from the dithering patterns DP11 to DP15 of the first
pattern set. In addition, since the b-th pixel Pb is at a
right-lower position in a mask, the first value which is a
right-upper data element of the dithering pattern DP14 may
be selected by the position determining unit 120 as a data
element corresponding to the position of the b-th pixel Pb.
In this manner, the position determining unit 120 determines
the first value or the second value as a data element
corresponding to the position of the first pixel P1.

[0068] FIGS. 6A and 6B illustrate an embodiment of a
method for determining output image data. Referring to
FIGS. 6A and 6B, the method may be used to determine the
grayscale of output image data OID according to the gray-
scale of input image data IID.

[0069] The comparing unit 130 compares first image data
with a first critical grayscale value. In this case, the data
setting unit 140 generates first corrected image data from the
first image data based on results of the comparison by the
comparing unit 130. For example, if the first image data is
between a lower (e.g., minimal) grayscale value and a first
critical grayscale value TH1 and a data element correspond-
ing to the position of the first pixel P1 is the first value, the
data setting unit 140 determines the first critical grayscale
value TH1 as the first corrected image data.
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[0070] If the first image data is between the lower gray-
scale value and the first critical grayscale value TH1 and the
data element corresponding to the position of the first pixel
P1 is the second value, the data setting unit 140 may
determine the lower grayscale value as the first corrected
image data.

[0071] Ifthe first image data is greater than the first critical
grayscale value TH1 but equal to or lower than a second
critical grayscale value, the first image data may be deter-
mined as the first corrected image data.

[0072] The first critical grayscale value TH1 may be a
reference value for determining a low grayscale. If a low
grayscale image is displayed on the organic light emitting
display apparatus 10, the intensity of light emitted from the
organic light emitting diodes of the organic light emitting
display apparatus 10 may be markedly varied, even by a
small current difference between the organic light emitting
diode. As a result, it may be difficult to control such a small
current difference.

[0073] Therefore, when a grayscale is lower than the first
critical grayscale value TH1, only one of a current value
corresponding to the first critical grayscale value TH1 or a
current value corresponding to the lower (e.g., minimal)
grayscale value may be used, and the grayscale may be
expressed by a dithering algorithm in order to reduce low
grayscale stains. However, since a grayscale higher than the
first critical grayscale value TH1 may not cause problems
related with controlling a small amount of current, the
grayscale may be expressed without using a dithering algo-
rithm.

[0074] The comparing unit 130 compares the first image
data with first to n-th critical grayscale values TH1 to THn.
In this case, the data setting unit 140 generates first corrected
image data from the first image data based on results of the
comparison by the comparing unit 130.

[0075] For example, if the first image data is between the
minimal grayscale value and the first critical grayscale value
TH1 and a data element corresponding to the position of the
first pixel P1 is the first value, the data setting unit 140 may
determine the first critical grayscale value THI1 as or based
on the first corrected image data.

[0076] If the first image data is between the minimal
grayscale value and the first critical grayscale value TH1 and
the data element corresponding to the position of the first
pixel P1 is the second value, the data setting unit 140 may
determine the minimal critical grayscale value as the first
corrected image data.

[0077] If the first image data is greater than a kth critical
grayscale value THk but equal to or lower than a (k+1)th
critical grayscale value TH(k+1), and a data element corre-
sponding to the position of the first pixel P1 is the first value,
the data setting unit 140 may determine the (k+1)th critical
grayscale value TH(k+1) as the first corrected image data.
[0078] If the first image data is greater than a kth critical
grayscale value THk but equal to or lower than a (k+1)th
critical grayscale value TH(k+1), and the data element
corresponding to the position of the first pixel P1 is the
second value, the data setting unit 140 may determine the
kth critical grayscale value THk as the first corrected image
data.

[0079] If the first image data is greater than an nth critical
grayscale value THn but equal to or lower than the maximal
critical grayscale value, the first image data may be deter-
mined as the first corrected image data.
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[0080] In this case, the THn critical grayscale value THn
may be a reference value for determining a low gray scale.
In addition, the first to (n-1)th critical grayscale values TH1
to TH(n-1) may be reference grayscale values for express-
ing a low grayscale. In this manner, low grayscale strains of
the organic light emitting display apparatus 10 may be
reduced, and a current difference caused by dithering may be
reduced to reduce flickering during dithering.

[0081] FIG. 7 illustrates an embodiment of a method for
driving an organic light emitting display apparatus. Refer-
ring to FIG. 7, the method includes receiving first image data
corresponding to a first pixel (S100). The position of the first
pixel may be determined on a display unit (S200a), and the
order of an image frame having input image data in which
the first image data is included may be determined (S2005).
Next, the first image data may be compared with a first
critical grayscale value (S300). Then, corrected image data
may be generated based on the determined position, the
determined order, and results of the comparison (S400).
[0082] The control unit and/or its constituent elements
may be implemented in logic which, for example, may
include hardware, software, or both. When implemented at
least partially in hardware, the control unit and/or its con-
stituent elements may be, for example, any one of a variety
of integrated circuits including but not limited to an appli-
cation-specific integrated circuit, a field-programmable gate
array, a combination of logic gates, a system-on-chip, a
microprocessor, or another type of processing or control
circuit.

[0083] When implemented in at least partially in software,
the control unit and/or its constituent elements 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
signal processing device. The computer, processor, micro-
processor, 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
implementing the operations of the method embodiments
may transform the computer, processor, controller, or other
signal processing device into a special-purpose processor for
performing the methods described herein.

[0084] By way of summation and review, in an organic
light emitting display, images are generated based on light
emitted from organic light emitting diodes. Each diode emits
light based on the recombination of electrons and holes in an
emission layer. The amount of light emitted varies based on
an applied current. When a low grayscale image is dis-
played, low grayscale stains may form because it is difficult
to finely control the current driving the diodes. This may be
attributed, at least in part, by the sensitivity of the diodes in
the low grayscale range. In accordance with one or more of
the aforementioned embodiments, an organic light emitting
display apparatus reduces or prevents low grayscale stains.
[0085] 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 embodi-
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ment may be used singly or in combination with features,
characteristics, and/or elements described in connection
with other embodiments unless otherwise indicated. Accord-
ingly, 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 present invention
as set forth in the following claims.

1.-19. (canceled)

20. An organic light emitting display apparatus, compris-
ing:
a display including first pixels;

a comparator to compare first image data of input image
data to a first critical grayscale value, the first image
data corresponding to the first pixels;

a data generator to determine the first critical grayscale
value as first corrected image data corresponding to at
least one second pixel selected from among the first
pixels when the first image data are more than a lowest
grayscale value but not more than the first critical
grayscale value; and

a source driver to output at least one first data signal
corresponding to the first corrected image data to the at
least one second pixel.

21. The apparatus as claimed in claim 20, wherein:

the data generator is to determine the lowest grayscale
value as second corrected image data corresponding to
remaining at least one third pixel except the at least
second pixel among the first pixels when the first image
data are more than the lowest grayscale value less than
the first critical grayscale value, and

the source driver to output at least one second data signal
corresponding to the second corrected image data to the
at least one third pixel.

22. The apparatus as claimed in claim 20, wherein:

as a grayscale value of the first image data is higher, a
ratio of the number of the at least one second pixels to
the number of the first pixels is higher.

23. The apparatus as claimed in claim 20, wherein:

the first image data ranges not less than the lowest
grayscale value but not more than a highest grayscale
value, and

when the first image data are more than the first critical
grayscale value, the data generator is to determine the
first image data as the first corrected image data without
correcting the first image data.

24. The apparatus as claimed in claim 20, wherein:

the first pixels include a fourth pixel connected to a first
data line;

the comparator is to compare second image data of the
input image data to the first critical grayscale value, the
second image data corresponding to the fourth pixel;

the data generator is to determine one of the lowest
grayscale value or the first critical grayscale value as
third corrected image data corresponding to the fourth
pixel when the second image data is not more than the
first critical grayscale value; and

the source driver is to output a second data signal corre-
sponding to the third corrected image data to the fourth
pixel.

25. The apparatus as claimed in claim 24, further com-

prising:

a position determiner to determine a position of the fourth
pixel of the display, wherein, when the second image
data is not more than the first critical grayscale value,
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the data generator is to determine one of the lowest
grayscale value or the first critical grayscale value as
the third corrected image data based on a dithering
algorithm and the determined position of the fourth
pixel.

26. The apparatus as claimed in claim 25, wherein:

the position determiner is to determine the position of the
fourth pixel as one of a first position or a second
position,

when the second image data is not more than the first
critical grayscale value and the position of the first
pixel is the first position, the data generator is to
determine the first critical grayscale value as the third
corrected image data, and

when the second image data is not more than the first
critical grayscale value and the position of the first
pixel is the second position, the data generator is to
determine the lowest grayscale value as the third cor-
rected image data.

27. The apparatus as claimed in claim 26, wherein the
position determiner is to:

store a plurality of dithering patterns, each of the dithering
patterns having data elements, each of the data ele-
ments having a first value or a second value,

select one of the dithering patterns corresponding to the
second image data,

select one of the data elements of the selected dithering
pattern corresponding to the position of the fourth
pixel,

determine the position of the fourth pixel as the first
position when the selected data element has the first
value, and

determine the position of the fourth pixel as the second
position when the selected data element has the second
value.

28. The apparatus as claimed in claim 25, further com-
prising:
an order determiner to determine an order of an image
frame including the input image data, wherein:

when the second image data is not more than the first
critical grayscale value, the data generator is to deter-
mine one of the lowest grayscale value or the first
critical grayscale value as the third corrected image
data based on a dithering algorithm, the determined
order of the image frame, and the determined position
of the fourth pixel.

29. The apparatus as claimed in claim 28, wherein:

the position determiner is to determine the position of the
fourth pixel as one of a first position or a second
position based on the determined order of the image
frame,

when the second image data is not more than the first
critical grayscale value and the position of the fourth
pixel is the first position, the data generator is to
determine the first critical grayscale value as the third
corrected image data, and

when the second image data is not more than the first
critical grayscale value and the position of the fourth
pixel is the second position, the data generator is to
determine the lowest grayscale value as the third cor-
rected image data.
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30. The apparatus as claimed in claim 29, wherein:

when the order of the image frame including the input
image data is an odd number, the order determiner is to
determine the order of the image frame as a first turn,

when the order of the image frame including the input
image data is an even number, the order determiner is
to determine the order of the image frame as a second
turn,

the position determiner is to store first and second pattern
sets, each of the first and second pattern sets includes
a plurality of dithering patterns, each of the dithering
patterns including data elements, each data element
having a first value or a second value, and

the position determiner is to:

select the first pattern set when the order of the image
frame is the first turn or the second pattern set when the
order of the image frame is the second turn,

select one of the dithering patterns of the selected pattern
set that corresponds to the second image data,

select one of the data elements of the selected dithering
pattern that corresponds to the position of the fourth
pixel,

determine the position of the fourth pixel as the first
position when the selected data element has the first
value, and

determine the position of the fourth pixel as the second
position when the selected data element has the second
value.

31. The apparatus as claimed in claim 24, wherein:

the comparator is to further compare the second image
data with the first critical grayscale value through an
n-th critical grayscale value, and

when the second image data is more than a k-th critical
grayscale value but not more than a (k+1)-th critical
grayscale value, the data generator is to determine one
of the k-th critical grayscale value or the (k+1)-th
critical grayscale value as the third corrected image
data, where n is an integer equal to or greater than 2 and
k is an integer ranging between 1 and (n-1).

32. The apparatus as claimed in claim 31, wherein:

the first image data ranges not less than the lowest
grayscale value but not more than a highest grayscale
value,

the first critical grayscale value is greater than the lowest
grayscale value,

the k-th critical grayscale value is greater than the first
critical grayscale value,

the (k+1)-th critical grayscale value is greater than the
k-th critical grayscale value,

the n-th critical grayscale value is lesser than the highest
grayscale value, and

when the second image data is more than the n-th critical
grayscale value, the data generator is to determine the
second image data as the third corrected image data
without correcting the second image data.

33. The apparatus as claimed in claim 31, further com-

prising:

a position determiner to determine a position of the fourth
pixel on the display, wherein:

when the second image data is more than the k-th critical
grayscale value but not more than the (k+1)-th critical
grayscale value, the data generator is to determine one
of the k-th critical grayscale value or the (k+1)-th
critical grayscale value as the third corrected image
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data based on a dithering algorithm and the determined
position of the fourth pixel.

34. The apparatus as claimed in claim 33, wherein:

the position determiner is to determine the position of the
fourth pixel as one of a first position or a second
position,

when the second image data is more than the k-th critical
grayscale value but not more than the (k+1)-th critical
grayscale value and the position of the fourth pixel is
the first position, the data generator is to determine the
(k+1)-th critical grayscale value as the third corrected
image data, and

when the second image data is more than the k-th critical
grayscale value but not more than the (k+1)-th critical
grayscale value and the position of the fourth pixel is
the second position, the data generator is to determine
the k-th critical grayscale value as the third corrected
image data.

35. The apparatus as claimed in claim 33, further com-

prising:

an order determiner to determine an order of an image
frame including the input image data, wherein:

when the second image data is more than the k-th critical
grayscale value but not more than the (k+1)-th critical
grayscale value, the data generator is to determine one
of the k-th critical grayscale value or the (k+1)-th
critical grayscale value as the third corrected image
data based on a dithering algorithm, the determined
order of the image frame, and the determined position
of the fourth pixel.

36. The apparatus as claimed in claim 35, wherein:

the position determiner is to determines the position of the
fourth pixel as one of a first position or a second
position based on the determined order of the image
frame,

when the second image data is more than the k-th critical
grayscale value but not more than the (k+1)-th critical
grayscale value and the position of the fourth pixel is
the first position, the data generator is to determine the
(k+1)-th critical grayscale value as the third corrected
image data, and

when the second image data is more than the k-th critical
grayscale value but not more than the (k+1)-th critical
grayscale value and the position of the fourth pixel is
the second position, the data generator is to determine
the k-th critical grayscale value as the third corrected
image data.

37. A method for driving an organic light emitting display

apparatus, the method comprising:

receiving first image data corresponding to first pixels;

comparing the first image data with a first critical gray-
scale value; and

when the first image data are more than a lowest grayscale
value but not more than the first critical grayscale
value, setting the first critical grayscale value as first
corrected image data corresponding to at least one
second pixel selected from among the first pixels based
on a dithering algorithm, and

when the first image data are more than the first critical
grayscale value, setting the first image data as the first
corrected image data without correcting the first image
data.

38. The method as claimed in claim 37, further compris-

ing:
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when the first image data are more than a lowest grayscale
value less than the first critical grayscale value, setting
the lowest grayscale value as second corrected image
data corresponding to remaining at least one third pixel
except the at least second pixel among the first pixels
based on the dithering algorithm.

39. The method as claimed in claim 37, wherein:

as a grayscale value of the first image data is higher, a
ratio of the number of the at least one second pixels to
the number of the first pixels is higher.
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