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ORGANIC LIGHT-EMITTING DISPLAY AND
METHOD OF DRIVING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2014-0044833 filed on
Apr. 15, 2014 in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein by reference in its
entirety.

BACKGROUND

[0002] 1.Field

[0003] Aspects of embodiments of the present invention
relate to an organic light-emitting display and a method of
driving the same.

[0004] 2. Description of the Related Art

[0005] Displays are being used as displays for portable
information terminals such as personal computers (PCs),
mobile phones, and personal data assistants (PDAs), or as
monitors for various information and electronic devices. Cur-
rently, various light-emitting displays, which are lighter in
weight and smaller in volume than cathode ray tubes (CRTs),
are being developed. In particular, organic light-emitting dis-
plays are drawing attention due to their excellent emission
efficiency, luminance, and viewing angle, as well as fast
response speed.

[0006] An organic light-emitting display includes a plural-
ity of pixels. Each of the pixels includes a red subpixel, which
includes a red organic light-emitting layer, a green subpixel,
which includes a green organic light-emitting layer, and a
blue subpixel, which includes a blue organic light-emitting
layer. Each of the pixels expresses a certain color by mixing
red light, green light, and blue light emitted respectively from
the red, green, and blue subpixels.

[0007] Because the light-emitting layers of the subpixels
are formed of different materials, they may have different
electrical characteristics such as chemical characteristics and
electric current mobility. Accordingly, when a pixel displays
white after displaying black during a number of frames, cer-
tain subpixels may be delayed in emitting light to a desired
luminance level, compared with other subpixels, which may
result in color blurring.

SUMMARY

[0008] Aspects of embodiments of the present invention
provide an organic light-emitting display, which may prevent
or reduce color blurring by compensating for the emission
delay of each subpixel.

[0009] However, aspects of the present invention are not
restricted to the embodiments set forth herein. The above and
other aspects of the present invention will become more
apparent to one of ordinary skill in the art to which the present
invention pertains by referencing the detailed description of
the present invention given below.

[0010] Aspects of example embodiments of the present
invention include an organic light-emitting display including:
a display unit including a plurality of pixels; and a controller
configured to correct first image data having a first gray level,
which is included in image data, to have a second gray level
higher than the first gray level, wherein the controller is
configured to correct the first image data at intervals of N
frames, where N is an integer of one or more.

Oct. 15, 2015

[0011] The controller may include: an image data analyzer
configured to analyze whether or not the image data includes
the first image data; a corrected image data generator config-
ured to output a selection signal at the intervals of the N
frames; and a memory configured to provide correction data
to the corrected image data generator in response to the selec-
tion signal, wherein the corrected image data generator is
configured to generate corrected image data by correcting the
first image data, which is included in the image data, based on
the correction data.

[0012] The image data may include first color image data,
second color image data, and third color image data, and each
of the pixels may include: a first subpixel configured to dis-
play the first color image data; a second subpixel configured
to display the second color image data; and a third subpixel
configured to display the third color image data.

[0013] The controller may be configured to correct the first
gray level of the first image data included in at least one of the
first color image data, the second color image data, and the
third color image data to the second gray level.

[0014] Each of the first, second, and third subpixels may
include: an organic light-emitting diode configured to emit
light of a first color, a second color, or a third color; a driving
transistor configured to control a driving current flowing
through the organic light-emitting diode; and a driving
capacitor configured to provide a gate voltage to the driving
transistor.

[0015] The driving capacitor may be configured to be
charged with a data voltage corresponding to the second gray
level at the intervals of the N frames.

[0016] The data voltage corresponding to the second gray
level may cause an anode voltage of the organic light-emitting
diode to be lower than a threshold voltage of the driving
transistor.

[0017] The first gray level may have a gray value of zero,
and the first image data may be black data.

[0018] Aspects of example embodiments of the present
invention include an organic light-emitting display including:
a display unit including a plurality of pixels; and a controller
configured to correct first image data having a first gray level,
which is included in image data, to have a second gray level
higher than the first gray level based on first correction data or
second correction data provided alternately at intervals of N
frames, wherein a pixel displaying the first image data cor-
rected based on the first correction data and a pixel displaying
the first image data corrected based on the second correction
data are different, where N is an integer of one or more.
[0019] The controller may include: an image data analyzer
configured to analyze whether or not the image data includes
the first image data; a corrected image data generator config-
ured to alternately output a first selection signal and a second
selection signal at the intervals of the N frames; and a memory
configured to provide the first correction data and the second
correction data to the corrected image data generator in
response to the first selection signal and the second selection
signal, respectively, wherein the corrected image data gen-
erator may be configured to generate the corrected image data
by correcting the first image data, which is included in the
image data, based on the first correction data or the second
correction data.

[0020] The image data may include first color image data,
second color image data, and third color image data, and each
of the pixels may include: a first subpixel configured to dis-
play the first color image data; a second subpixel configured
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to display the second color image data; and a third subpixel
configured to display the third color image data.

[0021] The controller may be configured to correct the first
gray level of the first image data included in at least one of the
first color image data, the second color image data, and the
third color image data to the second gray level.

[0022] When a first pixel of the pixels displays the first
image data corrected by the first correction data, a second
pixel of the pixels neighboring the first pixel in a column or
row direction may display the first image data corrected by
the second correction data.

[0023] When a first pixel of the pixels displays the first
image data corrected by the first correction data, a second
pixel of the pixels neighboring the first pixel in a column or
row direction may display the first image data corrected by
the second correction data.

[0024] The first gray level may have a gray value of zero,
and the first image data may be black data.

[0025] Aspects of example embodiments of the present
invention include a method of driving an organic light-emit-
ting display, the method including: analyzing image data
input from an external source; generating corrected image
data by correcting first image data having a first gray level,
which is included in the image data, to have a second gray
level higher than the first gray level; and displaying an image
corresponding to the corrected image data, wherein the cor-
rected image data is generated by correcting the first image
data at intervals of N frames.

[0026] The analyzing of the image data may include deter-
mining whether or not the image data includes the first image
data.

[0027] The method may further include selecting correc-
tion data for the generating of the corrected image data after
the analyzing of the image data, wherein the selecting of the
correction data may include reading out the correction data by
outputting a selection signal at the intervals of the N frames.
[0028] The image data may include first color image data,
second color image data, and third color image data, and in
the generating of the corrected image data, the first gray level
of first image data included in at least one of the first color
image data, the second color image data, and the third color
image data may be corrected to the second gray level.
[0029] The first gray level may have a gray value of zero,
and the first image data may be black data.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The above and other aspects and features of the
present invention will become more apparent by describing in
detail example embodiments thereof with reference to the
attached drawings, in which:

[0031] FIG. 1is a block diagram of an organic light-emit-
ting display according to an embodiment of the present inven-
tion;

[0032] FIG.2isacircuit diagram of a subpixel according to
an embodiment of the present invention;

[0033] FIG. 3 is a block diagram of a controller according
to an embodiment of the present invention;

[0034] FIG.4isablock diagram of a data converter accord-
ing to an embodiment of the present invention;

[0035] FIG. 5 is a schematic diagram of pixels displaying
corrected first image data at intervals of one frame according
to an embodiment of the present invention;
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[0036] FIG. 6 is a graph illustrating the relationship
between the anode voltage and the amount of light emission
of an organic light-emitting diode according to an embodi-
ment of the present invention;

[0037] FIG. 7 is a graph illustrating the relationship
between the anode voltage and the amount of light emission
of an organic light-emitting diode according to an embodi-
ment of the present invention;

[0038] FIG. 8 is a block diagram of an organic light-emit-
ting display according to an embodiment of the present inven-
tion;

[0039] FIG. 9 is a block diagram of a controller according
to an embodiment of the present invention;

[0040] FIG. 10 is a block diagram of a data converter
according to an embodiment of the present invention;
[0041] FIG. 11 is a schematic diagram of first correction
data according to an embodiment of the present invention;
[0042] FIG. 12 is a schematic diagram of second correction
data according to an embodiment of the present invention;
[0043] FIG. 13 is a diagram schematically illustrating the
correction of first image data in each frame according to an
embodiment of the present invention;

[0044] FIG. 14 is a diagram schematically illustrating the
correction of first image data in each frame according to an
embodiment of the present invention; and

[0045] FIG. 15 is a flowchart illustrating a method of driv-
ing an organic light-emitting display according to an embodi-
ment of the present invention.

DETAILED DESCRIPTION

[0046] Aspects and features of the present invention and
methods of accomplishing the same may be understood more
readily by reference to the following detailed description of
example embodiments and the accompanying drawings. The
present invention may, however, be embodied in many differ-
ent forms and should not be construed as being limited to the
embodiments set forth herein. Rather, these embodiments are
provided so that this disclosure will be more thorough and
more complete and will more fully convey the concept of the
invention to those skilled in the art, and the present invention
will be defined by the appended claims, and their equivalents.
Thus, in some embodiments, some well-known structures
and devices may not be shown for brevity of the description.
Like numbers refer to like elements throughout. In the draw-
ings, the thickness of layers and regions are exaggerated for
clarity.

[0047] It will be understood that when an element or layer
1s referred to as being “on,” “connected to,” or “coupled to”
another element or layer, it can be directly on, directly con-
nected to, or directly coupled to the other element or layer, or
intervening elements or layers may be present. In contrast,
when an element is referred to as being “directly on,”
“directly connected to,” or “directly coupled to” another ele-
ment or layer, there are no intervening elements or layers
present. As used herein, the term “and/or” includes any and all
combinations of one or more of the associated listed items.
[0048] It will be understood that, although the terms first,
second, etc. may be used herein to describe various elements,
these elements should not be limited by these terms. These
terms are only used to distinguish one element from another
element. Thus, forexample, a first element, a first component,
or a first section discussed below could be termed a second
element, a second component, or a second section without
departing from the teachings of the present invention.
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[0049] Hereinafter, embodiments of the present invention
will be described with reference to the attached drawings.
[0050] FIG. 1is a block diagram of an organic light-emit-
ting display 10 according to an embodiment of the present
invention. FIG. 2 is a circuit diagram of a subpixel SPX
according to an embodiment of the present invention.

[0051] Referring to FIGS. 1 and 2, the organic light-emit-
ting display 10 includes a display unit 110, a controller 120, a
data driver 130, a scan driver 140, and an emission driver 150.
[0052] Thedisplay unit 110 may be an area where an image
is displayed. The display unit 110 may include a plurality of
scan lines SL1 through SLn, a plurality of data lines DL.1
through DLm crossing the scan lines SL1 through SLn, and a
plurality of pixels PX, each coupled to one of the scan lines
SL.1 through SLn and one ofthe data lines DL1 through DLm.
The scan lines SL1 through SLn may extend along a first
direction D1 and may be parallel (or substantially parallel) to
each other. The scan lines SL1 through SLn may include first
through n® scan lines SL1 through SLn, arranged sequen-
tially. Each of the data lines DL1 through DL m may cross the
scan lines SL1 through SLn. That is, the data lines DL1
through DLm may extend along a second direction D2 per-
pendicular (or substantially perpendicular) to the first direc-
tion D1 and may be parallel (or substantially parallel) to each
other. Here, the first direction D1 may correspond to a row
direction, and the second direction D2 may correspond to a
column direction. A plurality of data voltages D1 through Dm
may be applied to the data lines DL1 through DLm. In addi-
tion, the display unit 110 may further include a plurality of
emission lines EL1 through ELn. The emission lines EL1
through ELn may extend side by side with the scan lines SL1
through SLn, but the present invention is not limited thereto.
[0053] Thepixels PX may be arranged in, but not limited to,
amatrix. Each of the pixels PX may include first through third
subpixels SPX1 through SPX3. The first through third sub-
pixels SPX1 through SPX3 may be subpixels SPX emitting
light of first through third colors. For example, the first sub-
pixel SPX1 may emit, but not limited to, red light, the second
subpixel SPX2 may emit, but not limited to, green light, and
the third subpixel SPX3 may emit, but not limited to, blue
light. Each of the pixels PX may express a certain color by
mixing light emitted from the subpixels SPX. Each of the
subpixels SPX may be coupled to one of the scan lines SL.1
through SLn, one of the data lines DL1 through DLm, and one
of the emission lines EL1 through ELn. Each of the subpixels
SPX may receive a data voltage applied to a coupled data line
in response to a scan signal provided from acoupled scan line.
In addition, the degree of light emission of each of the sub-
pixels SPX may be controlled by an emission signal provided
from a coupled emission line. A first power supply voltage
ELVSS and a second power supply voltage ELVDD gener-
ated by a power generator may be applied to the display unit
110 and coupled to each of the subpixels SPX.

[0054] Referring to FIG. 2, a subpixel SPX may include a
data control transistor T1, an initialization transistor T2, a
threshold voltage compensation transistor T3, a first emission
control transistor T4, a second emission control transistor T5,
a driving transistor Td, a bypass thin-film transistor T6, an
organic light-emitting diode OLED, and a driving capacitor
Cd. The subpixel SPX of FIG. 2 is merely an example, and the
structure of the subpixel SPX is not limited to the structure
illustrated in FIG. 2.

[0055] The organic light-emitting diode OLED may emit
light at a luminance level corresponding to the magnitude of
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anelectric current which flows ina direction from an anode of
the organic light-emitting diode OLED to a cathode. The first
power supply voltage ELVSS may be applied to the cathode
of the organic light-emitting diode OLED. The anode of the
organic light-emitting diode OLED may be coupled to a third
node N3, and the second emission control transistor TS may
control the connection of the anode of the organic light-
emitting diode OLED to the third node N3.

[0056] The driving transistor Td may include a source S
coupled to a second node N2 to which the second power
supply voltage ELVDD is applied, a drain D coupled to the
third node N3, and a gate G coupled to a first node N1. The
driving transistor Td may receive a i data voltage Dj through
the data control transistor T1 coupled to the second node N2,
where| is a natural number from 1 to m. The driving transistor
Td may control a driving current Id flowing through the
organic light-emitting diode OLED. The magnitude of the
driving current Id flowing through the organic light-emitting
diode OLED may correspond to a potential difference
between the source S and the gate G of the driving transistor
Td.

[0057] The data control transistor T1 may include a source
provided with the i data voltage Dj, a drain coupled to the
second node N2, and a gate provided with ani* scan signal Si.
When the i scan signal Si has an electric potential of a
scan-on voltage, the data control transistor T1 may be turned
on to provide the i data voltage Dj to the second node N2.
[0058] A first terminal of the driving capacitor Cd may be
coupled to the first node N1 which is coupled to the gate G of
the driving transistor Td, and the second power supply volt-
age ELVDD may be applied to a second terminal of the
driving capacitor Cd. Therefore, the driving capacitor Cd may
store a voltage of the gate G of the driving transistor Td.
[0059] Thei” scan signal Si may be transmitted to a gate of
the threshold voltage compensation transistor T3. When the
i scan signal Si has the electric potential of the scan-on
voltage, the threshold voltage compensation transistor T3 is
turned on. The turned-on threshold voltage compensation
transistor T3 may couple the gate G and the drain D of the
driving transistor Td, thereby diode-coupling the driving tran-
sistor Td. When the driving transistor Td is diode-coupled, a
voltage obtained after the i data voltage Dj applied to the
source S of the driving transistor Td is dropped by a threshold
voltage of the driving transistor Td is applied to the gate G of
the driving transistor Td. Because the gate G of the driving
transistor Td is coupled to the first terminal of the driving
capacitor Cd, the voltage applied to the gate G of the driving
transistor Td may be maintained. In addition, because the
voltage reflecting the threshold voltage of the driving transis-
tor Tdis applied to the gate G and maintained accordingly, an
electric current flowing between the source S and the drain D
of the driving transistor Td may not be affected by the thresh-
old voltage of the driving transistor Td.

[0060] An (i-1)” scan signal Si-1 may be transmitted to a
gate of the initialization transistor T2. When the (i-1)" scan
signal Si-1 has the electric potential of the scan-on voltage,
the initialization transistor T2 is turned on to provide an
initialization voltage VINT to the gate G of the driving tran-
sistor Td. As a result, an electric potential of the gate G of the
driving transistor Td may be initialized.

[0061] Ani” emission control signal EMi may be transmit-
ted to a gate electrode of the first emission control transistor
T4. When the i emission control signal EMi has an electric
potential of an emission-on voltage, the first emission control
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transistor T4 may be turned on to provide the second power
supply voltage ELVDD to the second node N2. The i emis-
sion control signal EMi may also be transmitted to a gate
electrode of the second emission control transistor T5. When
the i” emission control signal EMi has the electric potential of
the emission-on voltage, the second emission control transis-
tor T5 may be turned on to couple the third node N3 and the
anode of the organic light-emitting diode OLED. When the i**
emission control signal EMi has the electric potential of the
emission-on voltage, if the first emission control transistor T4
and the second emission control transistor T5 are turned on,
the driving current Id corresponding to the j* data voltage Dj
stored in the driving capacitor Cd is generated between the
source 5 and the drain D of the driving transistor Td for a
period of time during which the i” scan signal Si has the
electric potential of the scan-on voltage. The driving current
1d may flow to the organic light-emitting diode OLED, thus
causing the organic light-emitting diode OLED to emit light.
[0062] The bypass transistor T6 may include a source elec-
trode coupled to both a drain electrode of the second emission
control transistor T6 and the anode of the organic light-emit-
ting diode OLED and a drain electrode coupled to both a
source electrode of the initialization transistor T2 and an
initialization voltage line. In addition, a bypass signal BP may
be transmitted to a gate electrode of the bypass transistor T6
via a bypass control line. The bypass signal BP may be a
voltage at a level that can always turn the bypass transistor T6
off. That is, the bypass transistor T6 may always remain off.
While the bypass transistor T6 remains off, part of the driving
current Id may flow outas a bypass current through the bypass
transistor T6. That is, an electric current remaining in the
organic light-emitting diode OLED may be removed through
the bypass transistor T6 in order to prevent (or substantially
prevent) the organic light-emitting diode OLED from emit-
ting light when a black image is displayed.

[0063] The controller 120 may receive image data DATA
and a timing control signal TCS from an external source. The
controller 120 may generate a scan driver control signal SCS,
a data driver control signal DCS, and an emission driver
control signal ECS corresponding to the timing control signal
TCS. In addition, the controller 120 may generate corrected
image data sDATA by correcting the image data DATA at
intervals of a predetermined number of frames. That is, the
controller 120 may provide the uncorrected image data DATA
or the corrected image data sDATA to the data driver 130 at
intervals of a predetermined number of frames.

[0064] The data driver 130 may receive the data driver
control signal DCS. In addition, the data driver 130 may
receive the image data DATA or the corrected image data
sDATA and generate first through m” data voltages D1
through Dm corresponding to the image data DATA or the
corrected image data SDATA. The first through m™” data volt-
ages D1 through Dm may be applied to the subpixels SPX.
The first through m” data voltages D1 through Dm may be
signals corresponding to luminance levels of light emitted
from the organic light-emitting diodes OLED included in the
subpixels SPX.

[0065] The scan driver 140 may receive the scan driver
control signal SCS and generate first through n scan signals
S1 through Sn corresponding to the scan driver control signal
SCS. Each of the first through n™ scan signals S1 through Sn
may have an electric potential of a scan-on voltage or a
scan-off voltage. The first through n” scan signals $1 through
Sn may sequentially have the electric potential of the scan-on
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voltage. When the first through n™ scan signals $1 through Sn
sequentially have the electric potential of the scan-onvoltage,
the first through m™ data voltages D1 through Dm may be
applied to the corresponding subpixels SPX. One of the first
through n™ scan signals S1 through Sn (ie., the same scan
signal) may be transmitted to subpixels SPX included in the
same row.

[0066] The emission driver 150 may receive the emission
driver control signal ECS and generate first through n” emis-
sion signals EM1 through EMn corresponding to the emis-
sion driver control signal ECS. Each of the first through n™
emission signals EM1 through EMn may have an electric
potential of an emission-on voltage or an emission-off volt-
age. Organic light-emitting diodes OLEDs included in sub-
pixels SPX, which receive the first through n™ emission sig-
nals EM1 through EMn having the electric potential of the
emission-on voltage, may emit light. After an electric poten-
tial of an i” scan signal Si changes from the scan-on voltage
to the scan-off voltage, an electric potential of an emission
signal EMi may change from the emission-off voltage to the
emission-on voltage, where i is a natural number from 1 to n.

[0067] Here, the controller 120 may generate the corrected
image data sDATA by correcting first image data having a first
gray level in the input image data DATA to have a second gray
level higher than the first gray level. This correction may be
performed at intervals of a predetermined number of frames
as described above. The characteristics and operation of the
controller 120 will now be described in greater detail.

[0068] FIG. 3 is a block diagram of the controller 120
according to an embodiment of the present invention. FIG. 4
is a block diagram of a data converter 121 according to an
embodiment of the present invention. FIG. 5 is a schematic
diagram of pixels displaying corrected first image data at
intervals of one frame.

[0069] Referring to FIGS. 3 through 5, the controller 120
may include the data converter 121 and a control signal gen-
erator 122.

[0070] The control signal generator 122 may receive the
timing control signal TCS and generate the scan control sig-
nal SCS for controlling the scan driver 140 and the data
control signal DCS for controlling the data driver 130. The
timing control signal TCS may be a vertical synchronization
signal Vsync, a horizontal synchronization signal Hsync, a
data enable signal, and a clock signal CLK. The data control
signal DCS may be, e.g., a source start pulse (SSP) and a
source sampling clock (SSC). The scan control signal SCS
may be a gate start pulse (GSP) and a gate sampling clock
(GCS).

[0071] The data converter 121 may receive the external
image data DATA. The image data DATA may include first
color image data provided to the first subpixel SPX1, second
color image data provided to the second subpixel SPX2, and
third color image data provided to the third subpixel SPX3.
The first color image data, the second color image data, and
the third color image data may be, but are not limited to, red
color image data, green color image data, and blue color
image data, respectively. The data converter 121 may analyze
eachofthefirst colorimage data, the second color image data,
and the third colorimage data, and increase a gray level of first
image data corresponding to a first gray level among the color
image data. Specifically, the data converter 121 may include
an image data analyzer 121q, a corrected image data genera-
tor 1215, and a memory 121c.
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[0072] The image data analyzer 121a may analyze a gray
level of the input image data DATA. That is, the image data
analyzer 121a may analyze whether the image data DATA
includes first image data DATA1 having a first gray level.
Here, the first gray level may be a very low gray value. In an
example embodiment, the first gray level may have a gray
value of zero, and the first image data DATA1 may be black
data.

[0073] The image data analyzer 1214 may analyze each of
the first color image data, the second color image data and the
third color image data and identify whether each of the first
color image data, the second color image data and the third
color image data has the first gray level. The image data
analyzer 121a may analyze whether atleast one subpixel SPX
displays black data due to the input image data DATA. If at
least one color image data includes the first image data
DATAL1 having the first gray level, the image data analyzer
121a may provide the image data DATA to the corrected
image data generator 1215. In addition, if the image data
DATA does not include the first image data DATA1, the image
data analyzer 1214 may provide the image data DATA to the
data driver 130. In some embodiments, the image data DATA
may be converted into pentile data and then provided to the
data driver 130.

[0074] The corrected image data generator 1215 may cor-
rect the first image data DATA1 having the first gray level in
the image data DATA to have a second gray level which is
higher than the first gray level. In the image data DATA,
image data excluding the first image data DATA1 may not be
corrected. For example, the corrected image data generator
1215 may correct black data having a gray level of zero to
produce image data having a gray level higher than zero but
may not correct the other image data included in the image
data DATA. The corrected first image data DATA1 and the
other image data may constitute the corrected image data
sDATA.

[0075] For image data correction, the corrected image data
generator 1215 may output a selection signal s to the memory
121d, and the memory 1214 may provide correction data
LUT in response to the selection signal s. The correction data
LUT may be data that increases a gray level of at least one of
the first color image data, the second color image data, and the
third color image data included in the image data DATA. That
is, the corrected image data generator 1215 may generate the
corrected image data sDATA by increasing the gray level of
the first image data DATAL1 included in at least one color
image data based on the correction data LUT.

[0076] The corrected image data generator 1215 may pet-
form this correction process at intervals of N frames. That is,
the corrected image data generator 1215 may selectively cor-
rect the input image data DATA at intervals of frames (e.g., a
predetermined number of frames). If correcting the image
data DATA, the corrected image data generator 1215 may
provide the corrected image data sDATA to the data driver
130. If not correcting the image data DATA, the corrected
image data generator 1215 may provide the uncorrected
image data DATA to the data driver 130.

[0077] In an example, the corrected image data generator
1215 may correct the image data DATA at intervals of one
frame. Thus, if first image data DATAL(N) of an N* frame is
corrected to have the second gray level, first image data
DATA1(N+1) of an (N+1)” frame may not be corrected.
Then, first image data DATA(N+2) of an (N+2)” frame may
be corrected to have the second gray level. That is, as illus-
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trated in FIG. 5, the first image data DATA1(N+1) of the
(N+1)” frame may not be corrected, but the first image data
DATA1(N) of the N frame and the first image data DATA
(N+2) of the (N+2)” frame may be corrected to have the
second gray level.

[0078] The corrected image data generator 1215 may out-
put the corrected image data sSDATA to the data driver 130 in
the N” frame and the (N+2)” frame and output the image data
DATA to the data driver 130 in the (N+1)” frame. The data
driver 130 may generate data voltages corresponding to the
corrected image data sDATA or the image data DATA and
provide the data voltages to the display unit 110. Then, each
subpixel SPX of the display unit 110 may emit light corre-
sponding to one of the data voltages. The characteristic ofthe
above image data correction will now be described in greater
detail with reference to FIGS. 6 and 7.

[0079] FIG. 6 is a graph illustrating the relationship
between the anode voltage and amount of light emission of an
organic light-emitting diode. FIG. 7 is a graph illustrating the
relationship between the anode voltage and the amount of
light emission of an organic light-emitting diode according to
an embodiment of the present invention.

[0080] FIGS. 6 and 7 illustrate the variation in the amount
of light emission with respect to an anode voltage Va of an
organic light-emitting diode OLED over N through (N+4)”
frames. The organic light-emitting diode OLED may be
included in the first subpixel SPX1, the second subpixel
SPX2, or the third subpixel SPX3 and may emit light of a first
color, a second color, or a third color. Here, the anode voltage
Va of the organic light-emitting diode OLED may be a volt-
age corresponding to a difference between a data voltage
stored in the driving capacitor Cd and the second power
supply voltage ELVDD, and the amount of light emission of
the organic light-emitting diode OLED may be proportional
to the driving current Id.

[0081] Inthe N” through (N+2)” frames, first image data,
that is, black data may be provided. Accordingly, the anode
voltage Va of the organic light-emitting diode OLED may be
formed lower than a threshold voltage Vth of the driving
transistor Td. As a result, the organic light-emitting diode
OLED may not emit light. On the other hand, in the (N+3)”
through (N+4)” frames, image data that causes the anode
voltage Va higher than the threshold voltage Vthto be applied
to the organic light-emitting diode OLED may be provided.
That is, the organic light-emitting diode OLED may emit
light to a set luminance level.

[0082] InFIG. 6, first image data of the N frame and the
(N+2)” frame may not be corrected to have the second gray
level. Here, the first image data may have a very low gray
level, and the subpixels SPX may substantially display black.
The organic light-emitting diode OLED, which has not emit-
ted light during successive frames, may not emit light imme-
diately even if the anode voltage Va equal to or higher than the
threshold voltage Vth is applied to the organic light-emitting
diode OLED in the (N+3)* frame. Because the driving
capacitor Cd is initialized by the initialization voltage VINT,
Tt requires time to charge the driving capacitor Cd. Therefore,
the light emission of the organic light-emitting diode OLED
may be delayed. Accordingly, the organic light-emitting
diode OLED may not fully emit light to a desired luminance
level, resulting in color blurring.

[0083] On the other hand, in the current embodiment of
FIG. 7, the first image data of the N* frame and the (N+2)”
frame may be corrected to have the second gray level. That is,
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the first image data may be corrected at intervals of one frame.
However, this is merely an example, and, in another embodi-
ment, the first image data may be corrected at intervals of two
frames.

[0084] Inthe N” frameand the (N+2)” frame during which
correction is performed, a data voltage corresponding to the
second gray level may be provided to the driving capacitor Cd
as described above. That is, in each frame, the driving capaci-
tor Cd may be charged with the data voltage corresponding to
the second gray level or may be discharged. The data voltage
may function as a kind of pre-charge voltage and thus
increase the charge efficiency of the driving capacitor Cd.
Therefore, the driving capacitor Cd can be charged in the
(N+3)” frame far faster than in FIG. 6, and the emission delay
of the organic light-emitting diode OLED can be prevented,
substantially prevented, or reduced.

[0085] Even if the first image data is corrected to have the
second gray level, a voltage lower than the threshold voltage
Vth can be provided to the organic light-emitting diode
OLED. That is, the anode voltage Va of the organic light-
emitting diode OLED, which corresponds to a potential dif-
ference between the data voltage corresponding to the second
gray level and the second power supply voltage ELVDD, may
have a voltage value lower than the threshold voltage Vth. In
addition, even if the second gray level is a gray value that can
provide a high voltage, the anode voltage Va of the organic
light-emitting diode OLED may not be formed higher than
the threshold voltage Vth due to hysteresis characteristics of
the driving transistor Td, which may be caused by the charg-
ing or discharging of the driving transistor Td atintervals of a
predetermined number of frames. Therefore, the organic
light-emitting diode OLED may not emit light in the N*
through (N+2)” frames, and each subpixel SPX including the
organic light-emitting diode OLED may remain substantially
black.

[0086] That is, the organic light-emitting display according
to the current embodiment may correct black data to have a
predetermined gray level at intervals of a predetermined num-
ber of frames. Therefore, the organic light-emitting display
according to the current embodiment may display a black
image during a black image period and prevent, substantially
prevent, or reduce an emission delay that may occur when an
organic light-emitting diode intends to emit light. This can
prevent, substantially prevent, or reduce color blurring,
thereby improving display quality.

[0087] An organic light-emitting display according to
another embodiment of the present invention will now be
described. In the following embodiment, some repetitive
description of elements identical to those described above
will be omitted or given briefly. The following embodiment
will be described with reference 1o some differences with the
previous embodiment.

[0088] FIG. 8 is a block diagram of an organic light-emit-
ting display 20 according to another embodiment of the
present invention. FIG. 9 is a block diagram of a controller
220 according to another embodiment of the present inven-
tion. FIG. 10 is a block diagram of a data converter 221
according to another embodiment of the present invention.
FIG. 11 is a schematic diagram of first correction data LUT1.
FIG. 12 is a schematic diagram of second correction data
LUT2. FIG. 13 is a diagram schematically illustrating the
correction of first image data in each frame according to
another embodiment of the present invention.
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[0089] Referring to FIGS. 8 through 13, the controller 220
of the organic light-emitting display 20 according to the cut-
rent embodiment may receive image data DATA and a timing
control signal TCS from an external source. The controller
220 may correct the image data DATA to first corrected image
data sSDATA1 or second corrected image data sDATA2 at
intervals of a predetermined number of frames. The controller
220 may include the data converter 221 and a control signal
generator 222, and the data converter 221 may include an
image data analyzer 221a, a corrected image data generator
221b, and a memory 221c.

[0090] The image data analyzer 221a may analyze a gray
level of theimage data DATA. That is, the image data analyzer
221a may analyze whether the image data DATA includes
first image data DATA1 having a first gray level. The image
data analyzer 221a may analyze each of first color image data,
second color image data, and third color image data, and
identify whether each of'the first color image data, the second
color image data and the third color image data has the first
gray level. Here, the first gray level may be a very low gray
value. In an example embodiment, the first gray level may be
a gray value of zero, and the first image data DATA1 may be
black data. The image data analyzer 221a may analyze
whether at least one subpixel SPX displays black data due to
the image data DATA. If the image data DATA includes the
first image data DATA1 having the first gray level, the image
data analyzer 2214 may provide the image data DATA to the
corrected image data generator 2215. In addition, if the image
data DATA does not include the first image data DATALI, the
image data analyzer 221a may provide the image data DATA
to the data driver 130.

[0091] The corrected image data generator 2215 may cor-
rect the first image data DATA1 having the first gray level in
the image data DATA to have a second gray level, which is
higher than the first gray level. That is, the corrected image
data generator 2215 may correct black data having a gray
level of zero to produce image data having a gray level higher
than zero. This correction may be performed using the first
correction data LUT1 and the second correction data LUT2.
That is, the corrected image data generator 2215 may convert
the image data DATA into the first corrected image data
sDATA1 based on the first correction data LUT1 and convert
the image data DATA into the second corrected image data
sDATA?2 based on the second correction data LUT2. The
corrected image data generator 2215 may read out the first
correction data LUT1 by outputting a first selection signal s1
to the memory 221d and read out the second correction data
LUT2 by outputting a second selection signal s2 to the
memory 221d.

[0092] The first correction data LUT1 and the second cor-
rection data LUT2 may be data that increase a gray level of at
least one of the first color image data, the second color image
data, and the third color image data. That is, the corrected
image data generator 221h may increase the first gray level of
the first image data DATA1 included in at least one color
image data to the second gray level, which is higher than the
first gray level, based on the first correction data LUT1 or the
second correction data LUT2. Referring to FIGS. 11 and 12,
the first correction data LUT1 and the second correction data
LUT2 may increase the gray level of the second color image
data, which causes green subpixels to emit light, from a gray
value of zero to a gray value of three. However, this is merely
an example, and a gray value to which the gray level of the
second color image data is corrected is not limited to three.
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[0093] The first correction data LUT1 and the second cor-
rection data LUT2 may correct the gray level of the firstimage
data input to different pixels. Assuming that one block of the
correction data LUT corresponds to one pixel PX, a pixel
whose gray value is corrected by the first correction data
LUT1 may not have its gray value corrected by the second
correction data LUT?2. That is, the gray value of any one pixel
PX may be increased by the first correction data LUT1 butnot
by the second correction data LUT2.

[0094] Thefirst selection signal S1 and the second selection
signal s2 may be output periodically at intervals of a prede-
termined number of frames. For example, the first selection
signal S1 and the second selection signal s2 may be alter-
nately output every frame, but the present invention is not
limited thereto. Because the first correction data LUT1 and
the second correction data LUT2 are output in response to the
first selection signal s1 and the second selection signal s2,
they may also be provided at the intervals of the predeter-
mined number of frames. Therefore, the first corrected image
data sDATA1 and the second corrected image data sDATA2
may also be generated at the intervals of the frames (e.g., a
predetermined number of frames), and the generated first
corrected image data SDATAL1 or the generated second cor-
rected image data SDATA2 may be output to the data driver
130. Accordingly, pixels PX to which the first image data is
applied may be corrected to have the second gray level at the
intervals of the frames (e.g., a predetermined number of
frames).

[0095] In addition, the first correction data LUT1 and the
second correction data LUT?2 may not correct the first image
data provided to pixels PX arranged successively. That is,
referring to FIG. 13, pixels PX neighboring, in a row or
column direction, a pixel PX whose gray value is corrected by
the first correction data LUT1 may not be corrected by the
first correction data LUT1. In addition, pixels PX neighbor-
ing, in the row or column direction, a pixel PX whose gray
value is corrected by the second correction data LUT2 may
not be corrected by the second correction data LUT2. When
any one pixel PX has the second gray level, pixels PX neigh-
boring the pixel PX in the column or row direction may have
the first gray level. That is, the first correction data LUT1 and
the second correction data LUT2 may increase the gray level
of the first image data applied to each pixel PX in a dot-
inversion manner.

[0096] Accordingly, not the entire first image data provided
in one frame may be corrected to have the second gray level.
Instead, the firstimage data may be partially corrected to have
the second gray level. That is, the organic light-emitting dis-
play 20 according to the current embodiment may not entirely
correct the first image data for displaying substantially a
black screen to have the second gray level. Therefore, the
organic light-emitting display 20 according to the current
embodiment may provide a clearer black screen than the
organic light-emitting display 10 of FIGS. 1 through 7, which
corrects the gray level of the first image data on a frame-by-
frame basis.

[0097] Other elements of the organic light-emitting display
20 are substantially similar to those included in the organic
light-emitting display 10 of FIGS. 1 through 7, and thus some
repetitive description thereof will be omitted.

[0098] FIG. 14 is a diagram schematically illustrating the
correction of first image data in each frame according to
another embodiment of the present invention.

Oct. 15, 2015

[0099] Referring to FIG. 14, the first image data may be
partially corrected to have a second gray level based on a row
direction of each frame. In this case, the same characteristic as
the characteristic obtained by the organic light-emitting dis-
play 20 of FIGS. 8 through 13 can be provided.

[0100] A method of driving an organic light-emitting dis-
play according to an embodiment of the present invention will
now be described.

[0101] FIG. 15 is a flowchart illustrating a method of driv-
ing an organic light-emitting display according to an embodi-
ment of the present invention. For a more detailed description,
FIGS. 1 through 7 will also be referred to.

[0102] The method of driving an organic light-emitting
display according to the current embodiment includes ana-
lyzing image data (operation S110), generating corrected
image data (operation S120), and displaying an image (opera-
tion S130).

[0103]

[0104] The image data may be analyzed whether image
data DATA input from an external source includes first image
data having a first gray level. Here, the first gray level may be
a very low gray value. In an example embodiment, the first
gray level may have a gray value of zero, and the first image
data may be black data. The image data DATA may include
first color image data provided to a first subpixel SPX1,
second color image data provided to a second subpixel SPX2,
and third color image data provided to a third subpixel SPX3.
The first color image data, the second color image data, and
the third color image data may be, but are not limited to, red
color image data, green color image data, and blue color
image data, respectively. That is, each of the first color image
data, the second color image data, and the third color image
data may be analyzed to identify whether each of the first
color image data, the second color image data, and the third
color image data has the first gray level. If at least one of the
first color image data, the second color image data, and the
third color image data includes the first image data, the first
image datahaving the first gray level may be corrected to have
the second gray level (operation S120). If none of the first
color image data, the second color image data, and the third
color image data includes the first image data, the image data
DATA may not be corrected, and an image corresponding to
the uncorrected image data DATA may be displayed (opera-
tion S130).

Image data is analyzed at operation S110.

[0105] Next, corrected image data is generated (operation
S120).
[0106] Of the image data DATA, only the first image data

may be corrected. That is, of the image data DATA, image
data having a gray level other than the first gray level may not
be corrected. The corrected first image data and the other
image data may form corrected image data sDATA.

[0107] The first image data may be corrected at intervals of
N frames. That is, even if the input image data DATA includes
the first image data, it may not be corrected in a frame during
which correction is not performed, and thus an image corre-
sponding to the uncorrected image data DATA may be dis-
played in the frame (operation S130). For example, the image
data DATA may be corrected at intervals of one frame. That is,
if first image data DATAI(N) of an N” frame is corrected to
have the second gray level, first image data DATA1(N+1) of
an (N+1)™ frame may not be corrected. Then, first image data
DATA(N+2) of an (N+2)” frame may be corrected to havethe
second gray level.
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[0108] The method of driving an organic light-emitting
display according to the current embodiment may further
include selecting correction data needed to generate the cor-
rected image data (operation S112) before the generating of
the corrected image data (operation S120). In the selecting of
the correction data (operation S112), a selection signal s for
reading out correction data LUT may be output at intervals of
N frames. The corrected image datasDATA may be generated
by correcting the image data DATA based on the correction
data LUT.

[0109] Finally, an image corresponding to the corrected
image data sDATA is displayed (operation S130).

[0110] Here, the first image data is image data for display-
ing a low gray level. That is, the first image data may be
substantially black data. Therefore, in a frame during which
correction is not performed, pixels displaying the first image
data may display ablack image. Even if the first image data is
corrected to have the second gray level in a certain frame,
pixels displaying the corrected first image data may also
display substantially a black image. That is, even if the first
image data is corrected to have the second gray level, it may
provide a voltage lower than a threshold voltage Vth. In other
words, an anode voltage of an organic light-emitting diode
OLED which corresponds to a potential difference between a
data voltage corresponding to the second gray level and a
second power supply voltage ELVDD may have a voltage
value lower than the threshold voltage Vth. In addition, even
if the second gray level is a gray value that can provide a high
voltage, the anode voltage of the organic light-emitting diode
OLED may not be formed higher than the threshold voltage
Vth due to hysteresis characteristics of a driving transistor
which may be caused by the charging or discharging of the
driving transistor at intervals of a predetermined number of
frames. Therefore, the organic light-emitting diode OLED
which receives the first image data having the second gray
level may not emit light.

[0111] Although the voltage corresponding to the second
gray level fails to make the organic light-emitting diode
OLED emit light, it may function as a kind of pre-charge
voltage, thereby increasing the charge efficiency of a driving
capacitor Cd. Accordingly, because the driving capacitor Cd
can be charged fast, the emission delay of the organic light-
emitting diode OLED can be prevented (or substantially pre-
vented).

[0112] That is, in the method of driving an organic light-
emitting display according to the current embodiment, black
data may be corrected to have a gray level (e.g., a predetet-
mined gray level) at intervals of a predetermined number of
frames. Therefore, a black image can be displayed during a
black image period, and an emission delay that may occur
when an organic light-emitting diode intends to emit light can
be prevented (or substantially prevented). Accordingly, this
color blurring may be prevented, substantially prevented, or
reduced, thereby improving display quality.

[0113] Other elements used in the method of driving an
organic light-emitting display are substantially similar to
those included in the organic light-emitting display 10 of
FIGS. 1 through 7, and thus some repetitive description
thereof will be omitted.

[0114] Someembodiments of the present invention include
at least one of the following characteristics.

[0115] Itmay bepossibleto prevent or substantially prevent
the emission delay of a certain subpixel, thereby improving
display quality.
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[0116] However, the characteristics of the present invention
are not restricted to those set forth herein. The above and other
aspects of the present invention will become more apparent to
one of daily skill in the art to which the present invention
pertains by referencing the claims, and their equivalents.
What is claimed is:
1. An organic light-emitting display comprising:
a display unit comprising a plurality of pixels; and
a controller configured to correct first image data having a
first gray level, which is included in image data, to have
a second gray level higher than the first gray level,

wherein the controller is configured to correct the first
image dataatintervals of N frames, where N is an integer
of one or more.

2. The organic light-emitting display of claim 1, wherein
the controller comprises:

an image data analyzer configured to analyze whether or

not the image data comprises the first image data;

a corrected image data generator configured to output a

selection signal at the intervals of the N frames; and

a memory configured to provide correction data to the

corrected image data generator in response to the selec-
tion signal,

wherein the corrected image data generator is configured to

generate corrected image data by correcting the first
image data, which is included in the image data, based
on the correction data.

3. The organic light-emitting display of claim 1, wherein
the image data comprises first color image data, second color
image data, and third color image data, and each of the pixels
comprises:

a first subpixel configured to display the first color image

data;

a second subpixel configured to display the second color

image data; and

a third subpixel configured to display the third color image

data.

4. The organic light-emitting display of claim 3, wherein
the controller is configured to correct the first gray level of the
firstimage data included in at least one of the first color image
data, the second color image data, and the third color image
data to the second gray level.

5. The organic light-emitting display of claim 3, wherein
each of the first, second, and third subpixels comprise:

an organic light-emitting diode configured to emit light of

a first color, a second color, or a third color;

a driving transistor configured to control a driving current

flowing through the organic light-emitting diode; and

a driving capacitor configured to provide a gate voltage to

the driving transistor.

6. The organic light-emitting display of claim 5, wherein
the driving capacitor is configured to be charged with a data
voltage corresponding to the second gray level at the intervals
of the N frames.

7. The organic light-emitting display of claim 6, wherein
the data voltage corresponding to the second gray level causes
an anode voltage of the organic light-emitting diode to be
lower than a threshold voltage of the driving transistor.

8. The organic light-emitting display of claim 1, wherein
the first gray level has a gray value of zero, and the first image
data is black data.

9. An organic light-emitting display comprising:

a display unit comprising a plurality of pixels; and
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a controller configured to correct first image data having a
first gray level, which is included in image data, to have
asecond gray level higher than the first gray level based
on first correction data or second correction data pro-
vided alternately at intervals of N frames,

wherein a pixel displaying the first image data corrected
based on the first correction data and a pixel displaying
the first image data corrected based on the second cot-
rection data are different, where N is an integer of one or
more.

10. The organic light-emitting display of claim 9, wherein

the controller comprises:

an image data analyzer configured to analyze whether or
not the image data comprises the first image data;

a corrected image data generator configured to alternately
output a first selection signal and a second selection
signal at the intervals of the N frames; and

a memory configured to provide the first correction data
and the second correction data to the corrected image
data generator in response to the first selection signal
and the second selection signal, respectively,

wherein the corrected image data generator is configured to
generate the corrected image data by correcting the first
image data, which is included in the image data, based
on the first correction data or the second correction data.

11. The organic light-emitting display of claim 9, wherein
the image data comprises first color image data, second color
image data, and third color image data, and each of the pixels
comprises:

a first subpixel configured to display the first color image

data;

a second subpixel configured to display the second color
image data; and

athird subpixel configured to display the third color image
data.

12. The organic light-emitting display of claim 11, wherein
the controller is configured to correct the first gray level of the
first image data included in at least one of the first color image
data, the second color image data, and the third color image
data to the second gray level.

13. The organic light-emitting display of claim 9, wherein,
when a first pixel of the pixels displays the first image data
corrected by the first correction data, a second pixel of the
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pixels neighboring the first pixel in a column or row direction
displays the first image data corrected by the second correc-
tion data.

14. The organic light-emitting display of claim 9, wherein,
when a first pixel of the pixels displays the first image data
corrected by the first correction data, a second pixel of the
pixels neighboring the first pixel in a column and row direc-
tion displays the first image data corrected by the second
correction data.

15. The organic light-emitting display of claim 9, wherein
the first gray level has a gray value of zero, and the first image
data is black data.

16. A method of driving an organic light-emitting display,
the method comprising:

analyzing image data input from an external source;

generating corrected image data by correcting first image

data having a first gray level, which is included in the
image data, to have a second gray level higher than the
first gray level; and

displaying an image corresponding to the corrected image

data,

wherein the corrected image data is generated by correct-

ing the first image data at intervals of N frames.

17. The method of claim 16, wherein the analyzing of the
image data comprises determining whether or not the image
data comprises the first image data.

18. The method of claim 16, further comprising selecting
correction data for the generating of the corrected image data
after the analyzing of the image data, wherein the selecting of
the correction data comprises reading out the correction data
by outputting a selection signal at the intervals of the N
frames.

19. The method of claim 16, wherein the image data com-
prises first color image data, second color image data, and
third color image data, and in the generating of the corrected
image data, the first gray level of first image data included in
at least one of the first color image data, the second color
image data, and the third color image data is corrected to the
second gray level.

20. The method of claim 16, wherein the first gray level has
a gray value of zero, and the first image data is black data.
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