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DISPLAY APPARATUS AND METHOD OF
OPERATING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority under 35 USC
§119 to Korean Patent Application No. 10-2016-0093625,
filed on Jul. 22, 2016 in the Korean Intellectual Property
Office (KTPO), the disclosure of which is incorporated by
reference in its entirety herein.

BACKGROUND

1. Technical Field

[0002] Exemplary embodiments of the inventive concept
relate generally to displaying images, and more particularly
to display apparatuses and methods of operating the display
apparatuses.

2. Discussion of Related Art

[0003] An organic light emitting display apparatus dis-
plays images using organic light emitting diodes
(“OLEDs”). The OLED generally includes an organic layer
located between an anode and a cathode. Holes from the
anode may be combined with electrons from the cathode in
the organic layer between the anode and the cathode to emit
light.

[0004] The organic light emitting display apparatus
includes red pixels outputting red light, green pixels output-
ting green light, and blue pixels outputting blue light. A
driving duration of a pixel among the colored pixels may
vary depending on the color output by the pixel. The driving
duration may decrease as the display resolution of the
organic light emitting display apparatus increases. However,
a display defect may be visible on the organic light emitting
display apparatus when a low gray scale image or a changing
image is presented due to a luminance deficit in some of the
pixels.

SUMMARY

[0005] At least one exemplary embodiment of the inven-
tive concept provides a display apparatus capable of having
an improved display quality and a method of driving the
display apparatus.

[0006] According to an exemplary embodiment of the
inventive concept, a display apparatus includes a display
panel and a panel driver. The display panel includes a first
pixel including a first organic light emitting diode (OLED).
The panel driver applies a first voltage to an anode electrode
of the first OLED while a first frame image is displayed on
the display panel if a grayscale of the first frame image is
lower than a first reference grayscale.

[0007] In an exemplary embodiment, the first voltage is an
initialization voltage for resetting the first OLED.

[0008] In an exemplary embodiment, the first pixel further
includes a first transistor, the first transistor is connected
between the anode electrode of the first OLED and a node
receiving the initialization voltage, and has a gate electrode
receiving a first initialization control signal.

[0009] In an exemplary embodiment, the panel driver
includes a data driver and an initialization controller, the
data driver generates a first data signal based on image data
corresponding to the first frame image, and the initialization

Jan. 25,2018

controller generates the first initialization control signal by
checking the grayscale of the first frame image based on the
first data signal.

[0010] In an exemplary embodiment, the initialization
controller includes a comparator, the comparator includes a
first input terminal receiving the first data signal, a second
input terminal receiving a first reference signal correspond-
ing to the first reference grayscale, and an output terminal
outputting the first initialization control signal.

[0011] Inan exemplary embodiment, when a voltage level
of the first data signal is higher than a voltage level of the
first reference signal, the initialization controller determines
that the grayscale of the first frame image is lower than the
first reference grayscale to activate the first initialization
control signal, and the initialization voltage is applied to the
anode electrode of the first OLED when the first initializa-
tion control signal is activated.

[0012] In an exemplary embodiment, the initialization
controller is disposed on the display panel.

[0013] In an exemplary embodiment, the initialization
controller is disposed in the data driver.

[0014] In an exemplary embodiment, the panel driver
applies the first voltage to the anode electrode of the first
OLED while the first frame image is displayed on the
display panel if the grayscale of the first frame image is
lower than the first reference grayscale and if a grayscale of
a second frame image is higher than a second reference
grayscale, and the first and second frame images are two
consecutive images.

[0015] In an exemplary embodiment, the panel driver
modifies the first frame image if the grayscale of the first
frame image is lower than the first reference grayscale and
if the grayscale of the second frame image is higher than the
second reference grayscale.

[0016] According to an exemplary embodiment of the
inventive concept, a method of operating a display apparatus
including a display panel including a first pixel includes:
comparing a grayscale of a first frame image displayed on
the display panel with a first reference grayscale; and
applying a first voltage to an anode electrode of a first
organic light emitting diode (OLED) included in the first
pixel while the first frame image is displayed on the display
panel if a result of the comparing indicates the grayscale of
the first frame image is lower than the first reference
grayscale.

[0017] In anexemplary embodiment, the first voltage is an
initialization voltage for resetting the first OLED.

[0018] In an exemplary embodiment, in comparing the
grayscale of the first frame image with the first reference
grayscale, a first data signal is generated based on image
data corresponding to the first frame image, and a first
initialization control signal is generated by comparing the
first data signal with a first reference signal corresponding to
the first reference grayscale.

[0019] In an exemplary embodiment, when a voltage level
of the first data signal is higher than a voltage level of the
first reference signal, it is determined that the grayscale of
the first frame image is lower than the first reference
grayscale to activate the first initialization control signal,
and the initialization voltage is applied to the anode elec-
trode of the first OLED when the first initialization control
signal is activated.

[0020] In an exemplary embodiment, a grayscale of a
second frame image displayed on the display panel is further



US 2018/0025683 A1l

compared with a second reference grayscale, the first and
second frame images are two consecutive images, and the
first voltage is applied to the anode electrode of the first
OLED while the first frame image is displayed on the
display panel if the grayscale of the first frame image is
lower than the first reference grayscale and if the grayscale
of the second frame image is higher than the second refer-
ence grayscale.

[0021] According to an exemplary embodiment of the
inventive concept, a display apparatus includes a display
panel and a panel driver. The display panel includes a first
organic light emitting diode (OLED) and a first initialization
circuit connected to the first OLED. The panel driver gen-
erates a first initialization control signal by comparing a
grayscale of a first partial image displayed on the first pixel
with a first reference grayscale. When the first initialization
control signal is activated, the first initialization unit is
enabled and an initialization voltage is applied to the first
OLED while the first partial image is displayed on the first
pixel.

[0022] In an exemplary embodiment, the panel driver
activates the first initialization control signal if the grayscale
of the first partial image is lower than the first reference
grayscale.

[0023] In an exemplary embodiment, the panel driver
determines that the grayscale of the first partial image is
lower than the first reference grayscale if a voltage level of
a first data signal corresponding to the first partial image is
higher than a voltage level of a first reference signal corre-
sponding to the first reference grayscale.

[0024] In an exemplary embodiment, the panel driver
generates the first initialization control signal by comparing
the grayscale of the first partial image with the first reference
grayscale, and by comparing a grayscale of a second partial
image displayed on the first pixel with a second reference
grayscale, and the first and second partial images are two
consecutive images.

[0025] In an exemplary embodiment, the panel driver
activates the first initialization control signal if the grayscale
of the first partial image is lower than the first reference
grayscale, and if the grayscale of the second partial image is
higher than the second reference grayscale.

[0026] In an exemplary embodiment, the panel driver
includes a data driver and an initialization controller, the
data driver generates a first data signal corresponding to the
first partial image based on image data, and the initialization
controller generates the first initialization control signal by
checking the grayscale of the first partial image based on the
first data signal.

[0027] In an exemplary embodiment, the initialization
controller includes a comparator, the comparator includes a
first input terminal receiving the first data signal, a second
input terminal receiving a first reference signal correspond-
ing to the first reference grayscale, and an output terminal
outputting the first initialization control signal.

[0028] In an exemplary embodiment, the initialization
controller is disposed on the display panel.

[0029] In an exemplary embodiment, the initialization
controller is disposed in the data driver.

[0030] Inanexemplary embodiment, the first initialization
circuit includes a first transistor, the first transistor is con-
nected between an anode electrode of the first OLED and a
node receiving the initialization voltage, and has a gate
electrode receiving the first initialization control signal.
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[0031] In an exemplary embodiment, the initialization
voltage is applied to the anode electrode of the first OLED.
[0032] According to an exemplary embodiment of the
inventive concept, a display apparatus includes a display
panel and a panel driver. The display panel includes a
plurality of pixels. The panel driver modifies a first frame
image displayed on the display panel if a grayscale of the
first frame image is lower than a first reference grayscale and
if a grayscale of a second frame image displayed on the
display panel is higher than a second reference grayscale.
The first and second frame images are two consecutive
images.

[0033] In an exemplary embodiment, the panel driver
increases the grayscale of the first frame image to a first
grayscale if the grayscale of the first frame image is lower
than the first reference grayscale and if the grayscale of the
second frame image is higher than the second reference
grayscale.

[0034] In an exemplary embodiment, the panel driver
increases a grayscale of a first region in the first frame image
to a first grayscale if the grayscale of the first region in the
first frame image is lower than the first reference grayscale
and if a grayscale of a first region in the second frame image
is higher than the second reference grayscale, and the first
region in the second frame image corresponds to the first
region in the first frame image.

[0035] In an exemplary embodiment, the panel driver
increases the grayscale of the first region in the first frame
image to the first grayscale and increases a grayscale of a
second region in the first frame image to a second grayscale
if the grayscale of the second region in the first frame image
is substantially equal to the first grayscale, the second region
in the first frame image is different from the first region in
the first frame image, and the second grayscale is higher than
the first grayscale.

[0036] According to an exemplary embodiment of the
inventive concept, a display apparatus includes a display
panel having a pixel including a first transistor having a first
non-gate electrode connected to a node receiving a first data
signal and an organic light emitting diode (OLED) and a
controller configured to receive a second data signal output
by a second non-gate electrode of the first transistor. The
controller is configured to selectively disable the OLED
based on how the second data signal compares to a first
reference grayscale and a second reference grayscale that is
higher than the first reference grayscale.

[0037] In an embodiment, the controller disables the
OLED when a grayscale of the second data signal is less
than the first reference grayscale during a first time and
greater than the second reference grayscale during a second
time.

[0038] In an embodiment, the pixel further comprises a
second transistor connected between a node receiving a
voltage configured to reset the OLED and an anode elec-
trode of the OLED, and the controller applies a signal to a
gate electrode of the second transistor to disable the OLED.
[0039] In a display apparatus according to an exemplary
embodiment of the inventive concept, a grayscale of a
current image is checked, or grayscales of the current image
and a next image are checked. A selective BCB operation in
which an initialization voltage is selectively applied to an
OLED in each pixel of the display apparatus is performed
based on a result of the grayscale checking operation.
Accordingly, display defects (e.g., color blurring, etc.) may
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be prevented, characteristics (e.g., color variation, lumi-
nance variation, etc.) of the display apparatus may be
improved, and thus the display apparatus may have a rela-
tively improved display quality.

[0040] In the display apparatus according to exemplary
embodiments, grayscales of a current image and a next
image may be checked when a scene change (e.g., in a
dynamic image or a moving image displaying several dif-
ferent images, in a scrolling operation, etc.) occurs. The
grayscale of the current image may be selectively modified
based on a result of the grayscale checking operation.
Accordingly, display defects (e.g., color blurring, shadow-
ing, residual image, etc.) may be prevented, and thus the
display apparatus may have relatively improved display

quality.
BRIEF DESCRIPTION OF THE DRAWINGS

[0041] Exemplary embodiments of the inventive concept
will be more clearly understood from the following detailed
description taken in conjunction with the accompanying
drawings.

[0042] FIG. 1 is a block diagram illustrating a display
apparatus according to an exemplary embodiment of the
inventive concept.

[0043] FIGS. 2A and 2B are diagrams for describing an
operation of the display apparatus according to an exem-
plary embodiment of the inventive concept.

[0044] FIG. 3 isablock diagram illustrating an example of
the display apparatus of FIG. 1.

[0045] FIG. 4isa diagram illustrating an example of a first
pixel and an initialization controller included in the display
apparatus of FIG. 3.

[0046] FIGS. 5A and 5B are block diagrams illustrating
examples of the initialization controller in FIG. 4.

[0047] FIGS. 6, 7 and 8 are block diagrams illustrating
other examples of the display apparatus of FIG. 1.

[0048] FIG. 9is a diagram illustrating an example of a first
pixel and an initialization controller included in the display
apparatus of FIG. 8.

[0049] FIG. 10 is a flow chart illustrating a method of
operating a display apparatus according to an exemplary
embodiment of the inventive concept.

[0050] FIGS. 11A and 11B are flow charts illustrating
examples of step S100 in FIG. 10.

[0051] FIG. 12 is a flow chart illustrating an example of
step S200 in FIG. 10.

[0052] FIG. 13 is a block diagram illustrating a display
apparatus according to an exemplary embodiment of the
inventive concept.

[0053] FIGS. 14A, 14B and 14C are diagrams for describ-
ing an operation of the display apparatus according to
exemplary embodiments of the inventive concept.

[0054] FIGS. 15, 16A and 16B are graphs for describing
characteristics of the display apparatus according to exem-
plary embodiments of the inventive concept.

[0055] FIGS. 17A, 17B, 17C, 18A and 18B are diagrams
for describing operations of the display apparatus according
to exemplary embodiments of the inventive concept.
[0056] FIG. 19 is a block diagram illustrating an example
of the display apparatus of FIG. 13.

[0057] FIG. 20 is a block diagram illustrating an example
of a timing controller included in the display apparatus of
FIG. 19.
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[0058] FIG. 21 is a block diagram illustrating another
example of the display apparatus of FIG. 13.

[0059] FIG. 22 is a block diagram illustrating an example
of a timing controller included in the display apparatus of
FIG. 21.

[0060] FIG. 23 is a block diagram illustrating an example
of a data driver included in the display apparatus of FIG. 21.
[0061] FIG. 24 is a block diagram illustrating an example
of the display apparatus of FIG. 13.

[0062] FIG. 25 is a flow chart illustrating a method of
operating a display apparatus according to an exemplary
embodiment of the inventive concept.

[0063] FIG. 26 is a flow chart illustrating an example of
step S500 in FIG. 25.

[0064] FIG. 27 is a flow chart illustrating an example of
step S600 in FIG. 25.

[0065] FIG. 28 is a flow chart illustrating another example
of step S500 in FIG. 25.

[0066] FIG. 29 is a flow chart illustrating another example
of step S600 in FIG. 25.

[0067] FIG. 30 is a block diagram illustrating a display
apparatus according to an exemplary embodiment of the
inventive concept.

[0068] FIG. 31 is a block diagram illustrating an electronic
system including the display apparatus according to an
exemplary embodiment of the inventive concept.

[0069] FIGS. 32A and 32B are diagrams illustrating
examples of the electronic system of FIG. 31.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS

[0070] Hereinafter, exemplary embodiments of the present
inventive concept will be explained in detail with reference
to the accompanying drawings. This inventive concept may,
however, be embodied in many different forms and should
not be construed as limited to the embodiments set forth
herein. Like reference numerals refer to like elements
throughout this application. As used herein, the singular
forms, “a,” “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
[0071] FIG. 1 is a block diagram illustrating a display
apparatus according to an exemplary embodiment of the
inventive concept.

[0072] Referring to FIG. 1, a display apparatus 10 includes
a panel driver 20 and a display panel 30.

[0073] The panel driver 20 generates a plurality of data
signals (e.g., a first data signal DS1) based on input image
data IDAT, and performs a grayscale checking operation on
an image displayed on the display panel 30 based on the
plurality of data signals. The panel driver 20 generates a
plurality of initialization control signals (e.g., a first initial-
ization control signal GB1) based on a result of the grayscale
checking operation. In an embodiment, the panel driver 20
generates a panel control signal PCONT based on an input
control signal ICONT. In an embodiment, the panel driver
20 generates an initialization voltage VINT.

[0074] The display panel 30 includes a plurality of pixels
(e.g., a first pixel PX1). The display panel 30 operates (e.g.,
display an image) based on the plurality of data signals, the
plurality of initialization control signals, the panel control
signal PCONT and the initialization voltage VINT.

[0075] In the display apparatus 10 according to an exem-
plary embodiment of the inventive concept, the display
panel 30 display a plurality of frame images, and each of the
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plurality of pixels may display a plurality of partial images
(e.g., pixel images) that are parts of the plurality of frame
images. For example, a frame image may correspond to an
image that covers the entire display panel, and a pixel image
may correspond to an image that is smaller than the frame
image. Hereinafter, exemplary embodiments of the inven-
tive concept will be described in more detail based on a
single pixel PX1 because operations of the plurality of pixels
for displaying images are substantially the same as each
other.

[0076] As will be described with reference to FIGS. 4 and
9, the first pixel PX1 includes a first organic light emitting
diode (OLED) and a first initialization unit (e.g., a circuit or
controller) that is connected to the first OLED. The panel
driver 20 selectively applies a first voltage to the first OLED
based on the result of the grayscale checking operation.
[0077] Inan exemplary embodiment, the grayscale check-
ing operation determines whether a first image has a rela-
tively low grayscale. For example, the panel driver 20 may
generate the first initialization control signal GB1 by com-
paring a grayscale of the first image with a first reference
grayscale. If the grayscale of the first image is lower than the
first reference grayscale, the first initialization control signal
GBI may be activated (e.g., set to a first logic level). If the
grayscale of the first image is not lower than the first
reference grayscale, the first initialization control signal
GB1 may be deactivated (e.g., second to a second logic
level). The first initialization unit is enabled based on the
activated first initialization control signal GB1. In an
embodiment, the first voltage is applied to an anode elec-
trode of the first OLED while the first image is displayed.
For example, the first voltage may be the initialization
voltage VINT.

[0078] Inan exemplary embodiment, the grayscale check-
ing operation determines whether the first image has a
relatively low grayscale and whether a second image has a
relatively high grayscale. In an embodiment, the second
image is presented subsequent to the first image. For
example, the first and second images may be two consecu-
tive images. For example, the panel driver 20 may generate
the first initialization control signal GB1 by comparing the
grayscale of the first image with the first reference grayscale,
and by comparing a grayscale of the second image with a
second reference grayscale. If the grayscale of the first
image is lower than the first reference grayscale, and if the
grayscale of the second image is higher than the second
reference grayscale, the first initialization control signal
GB1 may be activated. If the grayscale of the first image is
not lower than the first reference grayscale, or if the gray-
scale of the second image is not higher than the second
reference grayscale, the first initialization control signal
GB1 may be deactivated. In an embodiment, the first ini-
tialization unit is enabled based on the activated first ini-
tialization control signal GB1. In an embodiment, the first
voltage is applied to the anode electrode of the first OLED
while the first image is displayed.

[0079] For example, each of the first and second images
may be a frame image that is displayed on a whole of the
display panel 30. In another example, each of the first and
second images may be a partial image that is displayed on
a part (e.g., the first pixel PX1) of the display panel 30.
[0080] As described above, the first initialization control
signal GB1 is selectively activated based on the result of the
grayscale checking operation. When the first initialization
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control signal GB1 is activated, the first voltage (e.g., the
initialization voltage VINT) is applied to the first OLED
while the first image is displayed. As a result, a black
current, which is a minimum current for displaying a low
grayscale image (e.g., a black image), bypasses the first
OLED. Such an operation of selectively applying a voltage
for controlling a black current flowing through an OLED
may be referred to as a black current bypass (BCB) opera-
tion.

[0081] In the display apparatus 10 according to an exem-
plary embodiment of the inventive concept, a grayscale of a
current image is checked, or grayscales of the current image
and a next image are checked. Based on the result of such
a grayscale checking operation, the first voltage (e.g., the
initialization voltage VINT) is selectively applied to the
OLED in each pixel. In other words, the BCB operation is
selectively performed based on the result of the grayscale
checking operation. Accordingly, display defects (e.g., color
blurring, etc.) may be prevented, characteristics (e.g., color
variation, luminance variation, etc.) of the display apparatus
10 may be improved, and thus the display apparatus 10 may
have a relatively improved display quality.

[0082] FIGS. 2A and 2B are diagrams for describing an
operation of the display apparatus according to exemplary
embodiments of the inventive concept. FIGS. 2A and 2B
illustrate examples a partial image that is displayed on the
first pixel PX1 in FIG. 1.

[0083] Referring to FIGS. 1 and 2A, the display apparatus
10 according to an exemplary embodiment of the inventive
concept performs the grayscale checking operation and the
selective BCB operation in units of a partial image (e.g., in
units of a pixel).

[0084] The panel driver 20 determines a grayscale of a
first image IMG1 of FIG. 2A based on the first data signal
DS1 provided to the first pixel PX1.

[0085] If the grayscale of the first image IMG1 is lower
than the first reference grayscale, the panel driver 20 acti-
vates the first initialization control signal GB1. For example,
the panel driver 20 may determine the grayscale of the first
image IMG1 based on a voltage level of the first data signal
DS1.

[0086] The first reference grayscale represents a first cri-
terion for determining whether the first image IMG1 is a low
grayscale image. For example, if the display panel 30 is
capable of displaying 256 different grayscales, which range
from about 0 to about 253, the first reference grayscale may
have a value of about 3 grayscale. In an exemplary embodi-
ment, the first reference grayscale is two percent of the
maximum supported grayscale or between one and two
percent of the maximum grayscale.

[0087] Inthe example of FIG. 2A, the grayscale of the first
image IMGT1 is about or exactly 0 grayscale, which is lower
than the first reference grayscale (e.g., about 3 grayscale). In
other words, the first image IMG1 is considered to have a
low grayscale image (e.g., a black image). In this case, the
first initialization control signal GBI is activated, the first
initialization unit is enabled based on the activated first
initialization control signal GBI, the initialization voltage
VINT is applied to the first OLED in the first pixel PX1
based on the activated first initialization control signal GBI,
and thus the first OLED is turned off while the first image
IMGT1 is displayed. The BCB operation is enabled, and then
the first image IMG1 may be displayed with a relatively
enhanced quality.
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[0088] If the grayscale of the first image IMGT1 is equal to
or higher than the first reference grayscale, the panel driver
20 deactivates the first initialization control signal GB1. In
this case, the first initialization unit is disabled based on the
deactivated first initialization control signal GB1, and the
BCB operation is disabled. In other words, if the grayscale
of the first image IMG1 is equal to or higher than the first
reference grayscale, the panel driver 20 operates normally
without the BCB operation.

[0089] Referring to FIGS. 1, 2A and 2B, the panel driver
20 determines the grayscale of the first image IMG1 of FIG.
2A and a grayscale of a second image IMG2 of FIG. 2B
based on the first data signal DS1 provided to the first pixel
PX1. In an embodiment, the first and second images IMG1
and IMG2 are two consecutive images. Since the first and
second images IMG1 and IMG2 are sequentially displayed
on the first pixel PX1, a scene change may be visible on the
first pixel PX1. For example, a scene change may corre-
spond to a moving image.

[0090] If the grayscale of the first image IMG1 is lower
than the first reference grayscale, and if the grayscale of the
second image IMG2 is higher than the second reference
grayscale, the panel driver 20 activates the first initialization
control signal GB1.

[0091] The second reference grayscale represents a second
criterion for determining whether the second image IMG2 is
a high grayscale image. For example, if the display panel 30
displays 256 grayscales, which range from about 0 to about
255, the second reference grayscale may have a value of
about 252 grayscale. In an exemplary embodiment, the
second reference grayscale is ninety eight percent of the
maximum supported grayscale or between ninety eight
percent and ninety nine percent of the maximum grayscale.

[0092] In the example of FIG. 2B, the grayscale of the
second image IMG2 may be about 255 grayscale, which is
higher than the second reference grayscale (e.g., about 252
grayscale). In other words, the second image IMG2 is
considered to have a high grayscale image (e.g., a white
image).

[0093] Inthe examples of FIGS. 2A and 2B, the first image
IMGT1 has a low grayscale image, the second image IMG2
is considered to have a high grayscale image, and thus the
first initialization control signal GB1 is activated. The first
initialization unit is enabled based on the activated first
initialization control signal GBI, the initialization voltage
VINT is applied to the first OLED in the first pixel PX1
based on the activated first initialization control signal GBI,
and thus the first OLED is turned off while the first image
IMG1 is displayed. The BCB operation is enabled, and then
the first image IMG1 may be displayed with a relatively
enhanced quality.

[0094] If the grayscale of the first image IMG1 is equal to
or higher than the first reference grayscale, or if the gray-
scale of the second image IMG?2 is equal to or lower than the
second reference grayscale, the panel driver 20 deactivates
the first initialization control signal GB1. In this case, the
first initialization unit is disabled based on the deactivated
first initialization control signal GB1, and the BCB opera-
tion is disabled.

[0095] Although exemplary embodiments are described
with reference to FIGS. 2A and 2B based on specific
grayscales, exemplary embodiments may be employed to
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enable the BCB operation for any low grayscale image or for
a scene change from any low grayscale image to any high
grayscale image.

[0096] FIG. 3is a block diagram illustrating an example of
the display apparatus of FIG. 1.

[0097] Referring to FIG. 3, a display apparatus 100a
includes a panel driver and a display panel 300a. The panel
driver includes a timing controller 210, a data driver 220, a
scan driver 230, an emission driver 240, a power supply 250
and an initialization controller 260.

[0098] The display panel 300a operates (e.g., display an
image) based on output image data DAT. The display panel
300¢ is connected to a plurality of data lines DL, a plurality
of scan lines SL and a plurality of emission driving lines
EML. The scan lines GL and the emission driving lines EML
may extend in a first direction D1, and the data lines DL may
extend in a second direction D2 crossing (e.g., substantially
perpendicular to) the first direction D1. The display panel
300¢ includes a plurality of pixels. The pixels may be
arranged in a matrix form. For example, the plurality of
pixels may include the first pixel PX1. Each pixel is elec-
trically connected to a respective one of the data lines DL,
a respective one of the scan lines SL and a respective one of
the emission driving lines EML.

[0099] The timing controller 210 controls operations of
the display panel 300q, the data driver 220, the scan driver
230, the emission driver 240 and the power supply 250. The
timing controller 210 receives input image data IDAT and an
input control signal ICONT from an external device (e.g., a
host or a graphic processor). The input image data IDAT
may include a plurality of pixel data for the plurality of
pixels. The input control signal ICONT may include a
master clock signal, a data enable signal, a vertical synchro-
nization signal, a horizontal synchronization signal, etc.
[0100] The timing controller 210 generates the output
image data DAT based on the input image data IDAT. The
timing controller 210 generates a first control signal CONT1
for controlling the data driver 220, a second control signal
CONT?2 for controlling the scan driver 230, a third control
signal CONT3 for controlling the emission driver 240 and a
fourth control signal CONT4 for controlling the power
supply 250 based on the input control signal ICONT. For
example, the first control signal CONT1 may include a
horizontal start signal, a data clock signal, a data load signal,
etc. For example, the second control signal CONT2 may
include a vertical start signal, a scan clock signal, etc.
[0101] The data driver 220 generates a plurality of data
signals (e.g., analog voltages) for driving the data lines DL
based on the output image data DAT (e.g., digital data) and
the first control signal CONT1. For example, the plurality of
data signals may include the first data signal DS1 in FIG. 1.
The data driver 220 may sequentially provide the data
signals to the data lines DL.

[0102] The scan driver 230 generates a plurality of scan
signals for driving the scan lines SL based on the second
control signal CONT2. The scan driver 230 may sequen-
tially provide the scan signals to the scan lines SL.

[0103] The emission driver 240 generates a plurality of
emission driving signals for driving the emission driving
lines EML based on the third control signal CONT3. The
emission driver 240 may sequentially provide the emission
driving signals to the emission driving lines EML.

[0104] The power supply 250 generates a first power
supply voltage ELVDD, a second power supply voltage
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ELVSS and the initialization voltage VINT based on the
fourth control signal CONT4. The power supply 250 may
provide the voltages ELVDD, ELVSS and VINT to the
display panel 300¢. In an embodiment, the first power
supply voltage ELVDD is higher than the second power
supply voltage ELVSS. In an embodiment, the second power
supply voltage ELVSS is a ground voltage.

[0105] In an exemplary embodiment, the scan signals, the
emission driving signals and the power supply voltages
ELVDD and ELVSS are included in the panel control signal
PCONT in FIG. 1.

[0106] In some exemplary embodiments, the data driver
220, the scan driver 230, the emission driver 240 and/or the
power supply 250 may be disposed, e.g., directly mounted,
on the display panel 300q, or may be connected to the
display panel 300q in a tape carrier package (TCP) type.
Alternatively, the data driver 220, the scan driver 230, the
emission driver 240 and/or the power supply 250 may be
integrated on the display panel 300a.

[0107] In an exemplary embodiment, at least two of the
timing controller 210, the data driver 220, the scan driver
230, the emission driver 240 and the power supply 250 are
implemented as one chipset or one integrated circuit.
[0108] The initialization controller 260 generates the first
initialization control signal (e.g., GB1 in FIG. 1) by check-
ing a grayscale of an image (e.g., the first image IMG1 of
FIG. 2A and/or the second image IMG2 of FIG. 2B) based
on the first data signal (e.g., DS1 in FIG. 1).

[0109] In the example of FIG. 3, the initialization control-
ler 260 is disposed on the display panel 300a. For example,
the plurality of pixels may be arranged in a display region of
the display panel 300q, and the initialization controller 260
may be arranged in a peripheral region of the display panel
300¢ that surrounds the display region of the display panel
300a.

[0110] Although FIG. 3 illustrates an example where the
initialization controller 260 is connected to a single pixel
PX1, the initialization controller 260 may be connected to
more than two pixels according to exemplary embodiments.
For example, the initialization controller 260 may be con-
nected to pixels that are arranged in the same row or column
as the first pixel PX1. In addition, although not illustrated in
FIG. 3, the display apparatus 100a may include a plurality
of initialization controllers, and the number of pixels con-
nected to each initialization controller may be changed
according to exemplary embodiments.

[0111] FIG. 4 is a diagram illustrating an example of a first
pixel and an initialization controller included in the display
apparatus of FIG. 3.

[0112] Referring to FIGS. 3 and 4, the first pixel PX1
operates based on the first data signal DS1, a first scan signal
SS1, a first emission driving signal EM1, the first power
supply voltage ELVDD, the second power supply voltage
ELVSS, the initialization voltage VINT and the first initial-
ization control signal GB1. The first data signal DSI is
provided through a first data line DL1, the first scan signal
SS1 is provided through a first scan line SL1, and the first
emission driving signal EM1 is provided through a first
emission driving line EML1.

[0113] The first pixel PX1 includes a first OLED EL, a first
initialization unit, transistors T1, T2, T3, T4, T5 and T6 and
a capacitor CST.

[0114] The first transistor T1 has a gate electrode con-
nected to a node N1, and applies a driving current corre-
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sponding to the first data signal DS1 to the first OLED EL.
The second transistor T2 is connected between the first data
line DL1 and a first electrode of the first transistor T1, and
has a gate electrode connected to the first scan line SL1. The
third transistor T3 is connected between the node N1 and a
second electrode of the first transistor T1, and has a gate
electrode connected to the first scan line SL.1. The fourth
transistor T4 is connected between the node N1 and a node
receiving the initialization voltage VINT, and has a gate
electrode receiving a control signal GI1. For example, the
control signal GI1 may correspond to a previous scan signal
applied to a previous scan line prior to the first scan line SL1.
For example, when SL1 is a second scan line, GI1 may
correspond to a first scan signal applied to a first scan line.
The fifth transistor T5 is connected between a node provid-
ing the first power supply voltage ELVDD and the first
electrode of the first transistor T1, and has a gate electrode
connected to the first emission driving line EML1. The sixth
transistor T6 is connected between the second electrode of
the first transistor T1 and an anode electrode of the first
OLED EL, and has a gate electrode connected to the first
emission driving line EML1. The capacitor CST is con-
nected between the first power supply voltage ELVDD and
the node N1.

[0115] The first OLED EL is connected between a second
electrode of the sixth transistor T6 and a node receiving the
second power supply voltage ELVSS. The first initialization
unit may include a seventh transistor T7. The seventh
transistor 17 is connected between the anode electrode of the
first OLED EL and the initialization voltage VINT, and has
a gate electrode receiving the first initialization control
signal GB1.

[0116] In some exemplary embodiments, at least one of
the transistors T3, T4, T5 and T6 included in the first pixel
PX1 may be omitted. In some exemplary embodiments, an
initialization voltage applied to the seventh transistor T7
may be different from an initialization voltage applied to the
fourth transistor T4. In some exemplary embodiments, an
emission driving signal applied to the sixth transistor T6
may be different from an emission driving signal applied to
the fifth transistor T5. For example, the signal line com-
monly connecting the gate electrodes of the fifth and sixth
transistors T5 and T6 may be removed so that the sixth
transistor T6 can receive a different emission driving signal.
[0117] The initialization controller 260 may generate the
first initialization control signal GB1 by checking a gray-
scale of an image (e.g., the first image IMG1 in FIG. 2A
and/or the second image IMG?2 in FIG. 2B) based on the first
data signal DS1. For example, the initialization controller
260 may compare a signal DS F with a reference signal
VREF, and may generate the first initialization control signal
GBI based on a result of the comparison. In an embodiment,
the signal DS F is detected from a second electrode of the
second transistor T2, and corresponds to the first data signal
DS1. The reference signal VREF may correspond to a
reference grayscale (e.g., the first reference grayscale and/or
the second reference grayscale).

[0118] Although FIG. 4 illustrates an example where the
initialization controller 260 generates the first initialization
control signal GB1 based on the signal DS1' detected from
the second electrode of the second transistor T2, the initial-
ization controller may generate the first initialization control
signal GB1 based on the first data signal DS1 detected from
a first electrode of the second transistor T2 according to
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exemplary embodiments. For example, the initialization
controller 260 may instead be connected to the first electrode
of the second transistor T2 to receive DS1, and then compare
DS1 with VREF to perform the checking.

[0119] FIGS. 5A and 5B are block diagrams illustrating
examples of the initialization controller in FIG. 4.

[0120] Referring to FIG. 5A, an initialization controller
260a includes a comparator CMP1.

[0121] The comparator CMP1 includes a first input ter-
minal receiving the signal DS1' corresponding to the first
data signal DS1, a second input terminal receiving a first
reference signal VREF1 corresponding to the first reference
grayscale, and an output terminal outputting the first initial-
ization control signal GB1.

[0122] Referring to FIG. 5B, an initialization controller
2604 includes a comparator CMP2.

[0123] The comparator CMP2 includes a first input ter-
minal receiving the signal DS1' corresponding to the first
data signal DS1, a second input terminal receiving a first
reference signal VREF1 corresponding to the first reference
grayscale, a third input terminal receiving a second reference
signal VREF2 corresponding to the second reference gray-
scale, and an output terminal outputting the first initializa-
tion control signal GB1.

[0124] In an exemplary embodiment, as illustrated in FIG.
4, if the first pixel PX1 includes p-type metal oxide semi-
conductor (PMOS) transistors, a voltage level of a data
signal for representing a low grayscale is higher than a
voltage level of a data signal for representing a high gray-
scale. In this example, it is determined that the grayscale of
the first image IMG1 of FIG. 2A is lower than the first
reference grayscale when a voltage level of the first data
signal DS1 or the signal DS1' corresponding to the first
image IMG1 is higher than a voltage level of the first
reference signal VREF1. Further in this example, it is
determined that the grayscale of the second image IMG2 of
FIG. 2B is higher than the second reference grayscale when
a voltage level of the first data signal D31 or the signal DS1'
corresponding to the second image IMG2 is lower than a
voltage level of the second reference signal VREF2. The
initialization controller 260a of FIG. 5A or the initialization
controller 2605 of FIG. 5B selectively activates the first
initialization control signal GB1 based on a result of the
determination.

[0125] In an exemplary embodiment, although not illus-
trated in FIG. 4, if the first pixel includes n-type metal oxide
semiconductor (NMOS) transistors, a voltage level of a data
signal for representing a low grayscale is lower than a
voltage level of a data signal for representing a high gray-
scale. In this example, it is determined that the grayscale of
the first image IMG1 of FIG. 2A is lower than the first
reference grayscale when a voltage level of the first data
signal DS1 or the signal DS1' corresponding to the first
image IMG1 is lower than a voltage level of the first
reference signal VREF1. Further in this example, it is
determined that the grayscale of the second image IMG2 of
FIG. 2B is higher than the second reference grayscale when
a voltage level of the first data signal DS1 or the signal DS1'
corresponding to the second image IMG2 is higher than a
voltage level of the second reference signal VREF2.
[0126] Although not illustrated in FIGS. 5A, the initial-
ization controller 260a may further include at least one
resistor and/or at least one capacitor that are connected to an
input terminal of the comparator CMP1 or that are con-
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nected between an input terminal and an output terminal of
the comparator CMP1. Similarly, the initialization controller
2605 may further include at least one resistor and/or at least
one capacitor

[0127] FIGS. 6, 7 and 8 are block diagrams illustrating
other examples of the display apparatus of FIG. 1.

[0128] Referring to FIG. 6, a display apparatus 1005
includes a panel driver and a display panel 300. The panel
driver includes a timing controller 210, a data driver 2204,
a scan driver 230, an emission driver 240, a power supply
250 and an initialization controller 260.

[0129] The display apparatus 1006 of FIG. 6 may be
substantially the same as the display apparatus 1004 of FIG.
3, except that an arrangement of the initialization controller
260 is changed in FIG. 6, and configurations of the data
driver 2206 and the display panel 300 are changed in FIG.
6.

[0130] In an example of FIG. 6, the initialization control-
ler 260 is disposed within the data driver 2205. In this
example, the initialization controller 260 generates the first
initialization control signal GB1 based on one of the signal
DS1' detected from the second electrode of the second
transistor T2 in FIG. 4, the first data signal DS1 detected
from the first electrode of the second transistor T2 in FIG. 4,
and the first data signal DS1 output from the data driver
2205.

[0131] Referring to FIG. 7, a display apparatus 100c¢
includes a panel driver and a display panel 300. The panel
driver includes a timing controller 210, a data driver 220, a
scan driver 230, an emission driver 240, a power supply 250
and an initialization controller 260.

[0132] The display apparatus 100c of FIG. 7 may be
substantially the same as the display apparatus 1004 of FIG.
3, except that an arrangement of the initialization controller
260 is changed in FIG. 7, and a configuration of the display
panel 300 is changed in FIG. 7.

[0133] In an example of FIG. 7, the initialization control-
ler 260 is not disposed on the display panel 300 or within the
data driver 220. The initialization controller 260 may be
disposed in any region in the display apparatus 100¢ outside
the display panel 300 and outside the data driver 220.
[0134] Referring to FIG. 8, a display apparatus 1004
includes a panel driver and a display panel 300d. The panel
driver includes a timing controller 210, a data driver 220, a
scan driver 230, a power supply 250 and an initialization
controller 260.

[0135] The display apparatus 1004 of FIG. 8 may be
substantially the same as the display apparatus 1004 of FIG.
3, except that an emission driver (e.g., the emission driver
240 in FIGS. 3, 6 and 7) is omitted in FIG. 8, and a
configuration of each pixel (e.g., a first pixel PX1") included
in the display panel 3004 is changed in FIG. 8.

[0136] Although FIG. 8 illustrates an example where the
initialization controller 260 is disposed on the display panel
3004, the initialization controller may be disposed in the
data driver 220 as described with reference to FIG. 6, or may
be disposed in any other region in the display apparatus 1004
as described with reference to FIG. 7 according to exem-
plary embodiments.

[0137] FIG. 9is a diagram illustrating an example of a first
pixel and an initialization controller included in the display
apparatus of FIG. 8.

[0138] Referring to FIGS. 8 and 9, the first pixel PX1'
operates based on a first data signal DSA, a first scan signal
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SSA, the first power supply voltage ELVDD, the second
power supply voltage ELVSS, the initialization voltage
VINT and a first initialization control signal GBA. The first
data signal DSA is provided through a first data line DLA,
and the first scan signal SSA is provided through a first scan
line SLA.

[0139] The first pixel PX1' includes a first OLED EL, a
first initialization unit, transistors T11 and T12 and a capaci-
tor CST.

[0140] The first transistor T11 has a gate electrode con-
nected to a node NA, and applies a driving current corre-
sponding to the first data signal DSA to the first OLED EL.
The second transistor T12 is connected between the first data
line DLA and the node NA, and has a gate electrode
connected to the first scan line SLA. The capacitor CST is
connected between the first power supply voltage ELVDD
and the node NA.

[0141] The first OLED EL is connected between a second
electrode of the first transistor T11 and a node receiving the
second power supply voltage ELVSS. The first initialization
unit may include a transistor T17. The transistor T17 is
connected between an anode electrode of the first OLED EL
and a node receiving the initialization voltage VINT, and has
a gate electrode receiving a first initialization control signal
GBA.

[0142] In some exemplary embodiments, the first pixel
PX1' further includes at least one of a third transistor and a
fourth transistor that are similar to the third and fourth
transistors T3 and T4 in FIG. 4, respectively. For example,
the third transistor may be connected between the node NA
and the second electrode of the first transistor T11, and may
have a gate electrode connected to the first scan line SLA.
The fourth transistor may be connected between the node
NA and the initialization voltage VINT, and may have a gate
electrode receiving a control signal corresponding to a
previous scan signal.

[0143] The initialization controller 260 may generate the
first initialization control signal GBA by checking a gray-
scale of an image (e.g., the first image IMG1 of FIG. 2A
and/or the second image IMG2 of FIG. 2B) based on the first
data signal DSA. For example, the initialization controller
260 may compare a signal DSA' corresponding to the first
data signal DSA with a reference signal VREF correspond-
ing to a reference grayscale (e.g., the first reference gray-
scale and/or the second reference grayscale), and may gen-
erate the first initialization control signal GBA based on a
result of the comparison. For example, the initialization
controller 260 may include a comparator as described with
reference to FIGS. 5A and 5B.

[0144] FIG. 10 is a flow chart illustrating a method of
operating a display apparatus according to an exemplary
embodiment of the inventive concept.

[0145] Referring to FIGS. 1, 2A, 2B and 10, in a method
of operating the display apparatus 10 according to an
exemplary embodiment of the inventive concept, a grayscale
checking operation is performed on an image displayed on
the display panel 30 (step S100). For example, the grayscale
checking operation may determine whether a first image has
arelatively low grayscale. In another example, the grayscale
checking operation may determine whether the first image
has a relatively low grayscale and whether a second image
has a relatively high grayscale. The first and second images
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may be two consecutive images. For example, each of the
first and second images may be a frame image or a partial
image.

[0146] Based on a result of the grayscale checking opera-
tion, a first voltage is selectively applied to a first OLED
included in the first pixel PX1 while the first image is
displayed (step S200). For example, the first voltage may be
the initialization voltage VINTT, and the initialization voltage
VINT may be applied to an anode electrode of the first
OLED. When the initialization voltage VINT is applied to
the first pixel PX1, the BCB operation for bypassing a black
current is enabled.

[0147] Inthe method of operating the display apparatus 10
according to an exemplary embodiment of the inventive
concept, a grayscale of a current image is checked, or
grayscales of the current image and a next image are
checked. Based on the result of such a grayscale checking
operation, the initialization voltage VINT is selectively
applied to the OLED in each pixel. Accordingly, display
defects (e.g., color blurring) may be prevented, characteris-
tics (e.g., color variation, luminance variation, etc.) of the
display apparatus 10 may be improved, and thus the display
apparatus 10 may have a relatively improved display quality.
[0148] FIGS. 11A and 11B are flow charts illustrating
examples of step S100 in FIG. 10.

[0149] Referring to FIGS. 1, 24, 3, 5A, 10 and 11A, in
step S100, it is determined whether a grayscale of the first
image IMG1 is lower than a first reference grayscale (step
S110). For example, the output image data DAT may be
generated based on the input image data IDAT, the first data
signal DS1 corresponding to the first image IMG1 may be
generated based on the output image data DAT, and the first
data signal DS1 corresponding to the first image IMG1 may
be compared with the first reference signal VREF1 corre-
sponding to the first reference grayscale. The first reference
grayscale may represent a first criterion for determining
whether the first image IMG1 is a low grayscale image.
[0150] If the grayscale of the first image IMG1 is lower
than the first reference grayscale (step S110: YES), the first
initialization control signal GB1 is activated (step S120).
For example, if the first pixel PX1 includes PMOS transis-
tors, it may be determined that the grayscale of the first
image IMG1 is lower than the first reference grayscale when
a voltage level of the first data signal DS1 corresponding to
the first image IMG1 is higher than a voltage level of the first
reference signal VREFI1.

[0151] If the grayscale of the first image IMGT1 is equal to
or higher than the first reference grayscale (step S110: NO),
the first initialization control signal GB1 is deactivated (step
S130).

[0152] Referring to FIGS. 1, 2A, 2B, 3, 5B, 10 and 11B,
in step S100, it is determined whether the grayscale of the
first image IMG1 is lower than the first reference grayscale
(step S110), and it is determined whether a grayscale of the
second image IMG2 is higher than a second reference
grayscale (step S115). For example, the output image data
DAT may be generated based on the input image data IDAT,
the first data signal DS1 corresponding to the first and
second images IMG1 and IMG2 may be generated based on
the output image data DAT, the first data signal DS1
corresponding to the first image IMG1 may be compared
with the first reference signal VREF1 corresponding to the
first reference grayscale, and the first data signal DS1
corresponding to the second image IMG2 may be compared
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with the second reference signal VREF2 corresponding to
the second reference grayscale. The second reference gray-
scale may represent a second criterion for determining
whether the second image IMG2 is a high grayscale image.
[0153] If the grayscale of the first image IMG1 is lower
than the first reference grayscale (step S110: YES), and if the
grayscale of the second image IMG2 is higher than the
second reference grayscale (step S115: YES), the first ini-
tialization control signal GBI is activated (step $S120). For
example, if the first pixel PX1 includes PMOS transistors, it
may be determined that the grayscale of the first image
IMG1 is lower than the first reference grayscale when a
voltage level of the first data signal DS1 corresponding to
the first image IMG1 is higher than a voltage level of the first
reference signal VREF1. In addition, if the first pixel PX1
includes PMOS transistors, it may be determined that the
grayscale of the second image IMG2 is higher than the
second reference grayscale when a voltage level of the first
data signal DS1 corresponding to the second image IMG2 is
lower than a voltage level of the second reference signal
VREF2.

[0154] If the grayscale of the first image IMG1 is equal to
or higher than the first reference grayscale (step S110: NO),
or if the grayscale of the second image IMG2 is equal to or
higher than the second reference grayscale (step S115: NO),
the first initialization control signal GB1 is deactivated (step
S130).

[0155] FIG. 12 is a flow chart illustrating an example of
step S200 in FIG. 10.

[0156] Referring to FIGS. 1,10 and 12, in step S200, if the
first initialization control signal GB1 is activated (step S210:
YES), the first initialization unit is enabled based on the
activated first initialization control signal GB1, and then the
initialization voltage VINT is applied to the first OLED in
the first pixel PX1 while the first image IMG1 is displayed
(step S220). Thus, the first OLED is turned off while the first
image IMG1 is displayed, the BCB operation is enabled for
the first pixel PX1, and the first image IMG1 may be
displayed with a relatively enhanced quality.

[0157] If the first initialization control signal GB1 is
deactivated (step S210: NO), the first initialization unit is
disabled based on the deactivated first initialization control
signal GB1 (step S230), and thus the BCB operation is
disabled for the first pixel PX1. For example, when the BCB
operation is disabled, the initialization voltage VINT is not
applied to the first OLED in the first pixel PX1 while the first
image IMG1 is displayed.

[0158] Although exemplary embodiments are described
based on examples where the grayscale checking operation
and the selective BCB operation are performed in units of a
partial image (e.g., in units of a pixel), exemplary embodi-
ments may be employed to perform the grayscale checking
operation and the selective BCB operation in units of an
entire frame image.

[0159] FIG. 13 is a block diagram illustrating a display
apparatus according to an exemplary embodiment of the
inventive concept.

[0160] Referring to FIG. 13, a display apparatus 50
includes a panel driver 60 and a display panel 70.

[0161] The panel driver 60 performs a grayscale checking
operation on an image displayed on the display panel 70
based on input image data IDAT, performs a selective
modifying operation on the image based on a result of the
grayscale checking operation, and generates a plurality of
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data signals DS or a plurality of modified data signals DS'
based on the input image data IDAT and a result of the
selective modifying operation. The panel driver 60 may
generate a panel control signal PCONT based on an input
control signal ICONT.

[0162] The display panel 70 includes a plurality of pixels
(e.g., a pixel PX in FIG. 19). The display panel 70 operates
(e.g., display an image) based on the data signals DS or the
modified data signals DS' and the panel control signal
PCONT.

[0163] In the display apparatus 50 according to an exem-
plary embodiment of the inventive concept, the display
panel 70 displays a plurality of frame images. Hereinafter,
exemplary embodiments of the inventive concept will be
described in detail based on the frame images.

[0164] The grayscale checking operation may determine
whether a first image has a relatively low grayscale and
whether a second image has a relatively high grayscale. The
second image may be presented subsequent to the first
image, and the first and second images may be two con-
secutive images. The selective modifying operation may
represent an operation of modifying a grayscale of the first
image only when a predetermined condition occurs.

[0165] The display panel 70 may sequentially display the
first image and the second image based on the data signals
DS, or may sequentially display the modified first image and
the second image based on the modified data signals DS'.
For example, the modified first image may have a modified
grayscale that is different from an original grayscale of the
first image.

[0166] In the display apparatus 50 according to an exem-
plary embodiment of the inventive concept, grayscales of a
current image and a next image are checked when a scene
change (e.g., in a dynamic image or a moving image
displaying several different images, in a scrolling operation,
etc.) occurs. Based on the result of such a grayscale checking
operation, the grayscale of the current image is selectively
modified. Accordingly, display defects (e.g.. color blurring,
shadowing, residual image, etc.) may be prevented, and thus
the display apparatus 50 may have a relatively improved
display quality.

[0167] FIGS. 14A, 14B and 14C are diagrams for describ-
ing an operation of the display apparatus according to
exemplary embodiments. FIGS. 14A, 14B and 14C illustrate
examples of a frame image that is displayed on the display
panel 70 in FIG. 13.

[0168] Referring to FIGS. 13, 14A, 14B and 14C, the
display apparatus 50 according to an exemplary embodiment
performs the grayscale checking operation and the selective
modifying operation in units of a frame image and for a
whole region of a frame image.

[0169] The panel driver 60 determines a grayscale of a
first image IMG11 of FIG. 14A and a grayscale of a second
image IMG12 of FIG. 14B based on the input image data
IDAT.

[0170] If the grayscale of the first image IMG11 is lower
than a first reference grayscale, and if the grayscale of the
second image IMG12 is higher than a second reference
grayscale, the panel driver 60 may modify the first image
IMG11 such that the display panel 70 displays a modified
first image IMG11' of FIG. 14C instead of the first image
IMG11. For example, the panel driver 60 may generate the
modified first image IMG11' by increasing the grayscale of
the first image IMG11.
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[0171] The first reference grayscale may represent a first
criterion for determining whether the first image IMG11 is
a low grayscale image. The second reference grayscale may
represent a second criterion for determining whether the
second image IMG12 is a high grayscale image. For
example, if the display panel 70 displays 256 grayscales,
which range from about 0 to about 255, the first reference
grayscale may have a value of about 3 grayscale, and the
second reference grayscale may have a value of about 252
grayscale. In an exemplary embodiment, the first reference
grayscale has a value of about two percent or one to two
percent the maximum supported grayscale and the second
reference has a value of about ninety eight percent or ninety
eight to ninety nine percent the maximum supported gray-
scale.

[0172] Inthe example of FIG. 14A, the first image IMG11
has about a 0 grayscale, which is lower than the first
reference grayscale (e.g., about 3 grayscale). In the example
of FIG. 14B, the second image IMGI12 has about a 255
grayscale, which is higher than the second reference gray-
scale (e.g., about 252 grayscale). In other words, the first
image IMG11 may be a low grayscale image (e.g., a black
image), and the second image IMG12 may be a high
grayscale image (e.g., a white image). In the example of
FIG. 14C, the modified first image IMGI11' has a first
grayscale that is higher than the grayscale of the first image
IMG11.

[0173] In an exemplary embodiment, the first grayscale is
substantially the same as the first reference grayscale. For
example, if the first reference grayscale is about 3 grayscale,
and if the grayscale of the first image IMG11 is about 0
grayscale, the panel driver 60 modifies the first image
IMG11 such that the grayscale of the modified first image
IMG11' becomes about 3 grayscale. In another example, if
the first reference grayscale is about 3 grayscale, and if the
grayscale of the first image IMG11 is about 1 or 2 grayscale,
the panel driver 60 modifies the first image IMG11 such that
the grayscale of the modified first image IMG11' becomes
about 3 grayscale. The modified first image IMG11' may be
generated using an adder to add a certain fixed amount to the
current value of the first image IMG11.

[0174] In an exemplary embodiment, the first grayscale is
different from the first reference grayscale. For example, if
the first reference grayscale is about 3 grayscale, and the
grayscale of the first image IMG11 is about 0 grayscale, the
panel driver 60 could modify the first image IMG11 such
that the grayscale of the modified first image IMG11'
becomes about 5 grayscale.

[0175] If the grayscale of the first image IMG11 is equal
to or higher than the first reference grayscale, or if the
grayscale of the second image IMG12 is equal to or lower
than the second reference grayscale, the panel driver 60 does
not modify the first image IMG11 and instead maintains the
first image IMG11.

[0176] In an exemplary embodiment, as will be described
with reference to FIGS. 16A and 16B, one of the first image
IMG11 and the modified first image IMG11', and the second
image IMG12 may be two consecutive images that are
sequentially displayed on the display panel 70. For example,
a selected image among the first image IMG11 and the
modified first image IMG11' is displayed on the display
panel 70, and the second image IMG12 is then displayed on
the display panel 70 immediately after the selected image. In
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other words, a scene change from the selected image to the
second image IMG12 occurs.

[0177] FIGS. 15, 16A and 16B are graphs for describing
characteristics of the display apparatus according to exem-
plary embodiments.

[0178] Referring to FIG. 15, a horizontal axis represents a
grayscale of a current image when a scene change from the
current image to a next image occurs, and a vertical axis
represents a step efficiency (S/E) when the scene change
occurs. The step efficiency represents an illuminance effi-
ciency according to the scene change. For example, the step
efficiency may represent a ratio of a target grayscale of the
next image to a real grayscale of the next image immediately
after the scene change occurs.

[0179] It is assumed that the target grayscale of the next
image is about 255 grayscale (e.g., it is assumed that the next
image is a white image). If the grayscale of the current image
is GX, the step efficiency is “A.” If the grayscale of the
current image is GY, the step efficiency is “B.” For example,
GX may be about 0 grayscale, “A” may be about 57.5%, GY
may be about 3 grayscale, and “B” may be about 72.6%. In
other words, when a scene change from a low grayscale
image (e.g., a black image) to a high grayscale image (e.g,,
a white image) occurs, the step efficiency may sharply
increase even if an original grayscale of a low grayscale
image slightly increases, and thus the display defects may be
prevented.

[0180] Referring to FIGS. 16A and 16B, a horizontal axis
represents elapsed time, and a vertical axis represents lumi-
nance of pixels included in the display panel.

[0181] As illustrated in FIG. 16A, a scene change from an
original low grayscale image (e.g., the first image IMG11 of
FIG. 14A) to a high grayscale image (e.g., the second image
IMG12 of FIG. 14B) occurs at time t1. During a first frame
F11 among a plurality of frames F11, F12 and F13 for
displaying the high grayscale image, the pixels have a
relatively low luminance, and thus the display defects may
appear due to a lack in the amount of luminance in some
pixels. For example, a grayscale of the original low gray-
scale image may be about 0 grayscale in FIG. 16A.

[0182] As illustrated in FIG. 16B, a scene change from a
modified low grayscale image (e.g., the modified first image
IMG11' of FIG. 14C) to the high grayscale image (e.g., the
second image IMG12 of FIG. 14B) occurs at time 2. During
a first frame F21 among a plurality of frames F21, F22 and
F23 for displaying the high grayscale image, the pixels have
arelatively high luminance, and thus the display defects may
be prevented. For example, a grayscale of the modified low
grayscale image may be about 3 grayscale in FIG. 16B.
[0183] FIGS. 17A, 17B, 17C, 18A and 18B are diagrams
for describing operations of the display apparatus according
to exemplary embodiments. FIGS. 17A, 17B, 17C, 18A and
18B illustrate examples of a frame image that is displayed on
the display panel 70 in FIG. 13.

[0184] Referring to FIGS. 13, 17A, 17B and 17C, the
display apparatus 50 according to an exemplary embodiment
of the inventive concept performs the grayscale checking
operation and the selective modifying operation in units of
a frame image and for a partial region of a frame image.
[0185] The panel driver 60 determines a grayscale of a
first region PI1 in a first image IMG21 of FIG. 17A and a
grayscale of a first region P12 in a second image IMG22 of
FIG. 17B based on the input image data IDAT. The first
region PI2 in the second image IMG22 corresponds to the
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first region PI1 in the first image IMG21. For example, the
regions PI1 and PI2 are the same region in the images
IMG21 and IMG22.

[0186] If the grayscale of the first region PI1 in the first
image IMG21 is lower than the first reference grayscale
(e.g., about 3 grayscale), and if the grayscale of the first
region PI2 in the second image IMG22 is higher than the
second reference grayscale (e.g., about 252 grayscale), the
panel driver 60 modifies the first image IMG21 such that the
display panel 70 displays a modified first image IMG21' of
FIG. 17C instead of the first image IMG21. For example, the
panel driver 60 may generate the modified first image
IMG21' by increasing the grayscale of the first region PI1 in
the first image IMG21. For example, a grayscale of a first
region PI1' in the modified first image IMG21' may be a first
grayscale that is higher than the grayscale of the first region
PI1 in the first image IMG21. The first region PI1' in the
modified first image IMG21' may correspond to the first
region PI1 in the first image IMG21.

[0187] If the grayscale of the first region PI1 in the first
image IMG21 is equal to or higher than the first reference
grayscale, or if the grayscale of the first region PI2 in the
second image IMG22 is equal to or lower than the second
reference grayscale, the panel driver 60 does not modify the
first image IMG21 and instead maintains the first image
IMG21.

[0188] In an exemplary embodiment, an operation of
changing (e.g., increasing) the grayscale of the first region
PI1 in the first image IMG21 is substantially the same as the
operation of changing the grayscale of the first image
IMG11 described with reference to FIGS. 14A, 14B and
14C. In an exemplary embodiment, a selected image among
the first image IMG21 and the modified first image IMG21',
and the second image IMG22 may be two consecutive
images that are sequentially displayed on the display panel
70.

[0189] Referring to FIGS. 13, 17B, 18A and 18B, the
display apparatus 50 according to an exemplary embodiment
of the inventive concept performs the grayscale checking
operation and the selective modifying operation in units of
a frame image and for a partial region of a frame image.
Further, an additional modifying operation may be per-
formed for another partial region of the frame image.
[0190] In an exemplary embodiment, the panel driver 60
determines a grayscale of a first region PI1 in a first image
IMG31 of FIG. 18A and a grayscale of a first region P12 in
a second image IMG22 of FIG. 17B based on the input
image data IDAT. The first region PI2 in the second image
IMG22 corresponds to the first region PI1 in the first image
IMG31. The panel driver 60 selectively modifies the first
image IMG31 based on a result of the determination. In an
exemplary embodiment, an operation of changing the gray-
scale of the first region PI1 in the first image IMG31 is
substantially the same as the operation of changing the
grayscale of the first region PI1 in the first image IMG21
described with reference to FIGS. 17A, 17B and 17C.
[0191] If the grayscale of the first region PI1 in the first
image IMG31 is lower than the first reference grayscale, and
if the grayscale of the first region PI2 in the second image
IMG22 is higher than the second reference grayscale, the
panel driver 60 modifies the first image IMG31 such that a
grayscale of a first region PI1' in a modified first image
IMG31' of FIG. 18B is a first grayscale that is higher than
the grayscale of the first region PI1 in the first image IMG31.
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addition, in an embodiment, the panel driver 60 further
determines whether another region having the first grayscale
is present in the first image IMG31. If a grayscale of a
second region PI3 in the first image IMG31 is the first
grayscale, the panel driver 60 generates the modified first
image IMG31' by increasing the grayscale of the first region
PI1 in the first image IMG31 and by increasing the grayscale
of the second region PI3 in the first image IMG31. For
example, a second region PI3' in the modified first image
IMG31' has a second grayscale that is higher than the first
grayscale. In an embodiment, the second regions PI3 and
PI3' in the images IMG31 and IMG31' are different from the
first regions PI1 and PI1' in the images IMG31 and IMG31".
The second region PI3' in the modified first image IMG31'
corresponds to the second region PI3 in the first image
IMG31.

[0192] In the example of FIG. 18A, the first region PI1 in
the first image IMG31 has a grayscale (e.g., about 0 gray-
scale) lower than the first grayscale (e.g., about 3 grayscale),
and the second region PI3 in the first image IMG31 has the
first grayscale. In the example of FIG. 18B, the first region
PI1" in the modified first image IMG31" has the first gray-
scale, and the second region PI3' in the modified first image
IMG31' has the second grayscale (e.g., about 4 grayscale).
[0193] When the modified first image IMG31' is generated
by simultaneously or concurrently changing the grayscales
of the first and second regions P11 and PI3 in the first image
IMG31, a grayscale difference between the first and second
regions PI1 and PI3 in the original image IMG31 may
correspond to a grayscale difference between the first and
second regions PI1' and PI3' in the modified image IMG31'.
Accordingly, the display apparatus 50 may have a relatively
improved display quality.

[0194] Although exemplary embodiments are described
with reference to FIGS. 14A, 14B, 14C, 15, 16A, 16B, 17A,
17B, 17C, 18A and 18B based on specific grayscales,
exemplary embodiments may be employed to modify a low
grayscale image for a scene change from any low grayscale
image to any high grayscale image.

[0195] FIG. 19 is a block diagram illustrating an example
of the display apparatus of FIG. 13.

[0196] Referring to FIG. 19, a display apparatus 500a
includes a panel driver and a display panel 700. The panel
driver includes a timing controller 6104, a data driver 620a,
ascan driver 630, an emission driver 640 and a power supply
650.

[0197] The display panel 700 operates (e.g., display an
image) based on output image data DAT. The display panel
700 is connected to a plurality of data lines DL, a plurality
of scan lines SL and a plurality of emission driving lines
EML. The display panel 700 includes a plurality of pixels
PX. The pixels PX may be arranged in a matrix form.
[0198] As described with reference to FIG. 4, each of the
pixels PX may include an OLED, at least one transistor and
at least one capacitor. Each of the pixels PX may have one
of various configurations according to exemplary embodi-
ments.

[0199] In an exemplary embodiment, as illustrated in
FIGS. 4 and 9, if each of the pixels PX includes PMOS
transistors, a voltage level of a data signal for representing
alow grayscale is higher than a voltage level of a data signal
for representing a high grayscale. In this example, a voltage
level of a data signal (e.g., DS in FIG. 13) corresponding to
the first image (e.g., IMG11 of FIG. 14A) is higher than a
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voltage level of a modified data signal (e.g., DS' in FIG. 13)
corresponding to the modified first image (e.g., IMG11' of
FIG. 14C)

[0200] In an exemplary embodiment, although not illus-
trated in FIGS. 4 and 9, if each of the pixels PX includes
NMOS ftransistors, a voltage level of a data signal for
representing a low grayscale is lower than a voltage level of
a data signal for representing a high grayscale. In this
example, a voltage level of a data signal (e.g., DS in FIG. 13)
corresponding to the first image (e.g., IMG11 of FIG. 14A)
is lower than a voltage level of a modified data signal (e.g.,
DS' in FIG. 13) corresponding to the modified first image
(e.g., IMG1T' of FIG. 14C).

[0201] The timing controller 610a controls operations of
the display panel 700, the data driver 620a, the scan driver
630, the emission driver 640 and the power supply 650. The
timing controller 6104 generates the output image data DAT
based on input image data IDAT. The timing controller 610a
generates a first control signal CONT1, a second control
signal CONT?2, a third control signal CONT3 and a fourth
control signal CONT4 based on an input control signal
ICONT.

[0202] The data driver 620a generates a plurality of data
signals (e.g., DS or DS' in FIG. 13) for driving the data lines
DL based on the output image data DAT and the first control
signal CONT1. The scan driver 630 generates a plurality of
scan signals for driving the scan lines SL based on the
second control signal CONT2. The emission driver 640
generates a plurality of emission driving signals for driving
the emission driving lines EML based on the third control
signal CONT3. The power supply 650 generates a first
power supply voltage ELVDD, a second power supply
voltage ELVSS and an initialization voltage VINT based on
the fourth control signal CONT4.

[0203] In an exemplary embodiment, the scan signals, the
emission driving signals and the voltages ELVDD, ELVSS
and VINT are included in the panel control signal PCONT
in FIG. 13.

[0204] In the example of FIG. 19, the timing controller
610a performs both the grayscale checking operation and
the selective modifying operation. For example, the timing
controller 610a may perform the grayscale checking opera-
tion based on the input image data IDAT, and may generate
the output image data DAT by performing the selective
modifying operation based on the input image data IDAT
and the result of the grayscale checking operation. The data
driver 620a may generate the plurality of data signals (e.g.,
DS or DS' in FIG. 13) based on the output image data DAT.
[0205] FIG. 20 is a block diagram illustrating an example
of a timing controller included in the display apparatus of
FIG. 19.

[0206] Referring to FIGS. 19 and 20, a timing controller
610q includes a grayscale checker 611, an image processor
613 and a control signal generator 615. The timing controller
610q is illustrated in FIG. 20 as being divided into three
elements for convenience of explanation, however, the tim-
ing controller 610a need not be physically divided as shown
in alternate embodiments.

[0207] The grayscale checker 611 performs the grayscale
checking operation based on the input image data IDAT. For
example, the input image data IDAT may include first input
image data IDAT1 corresponding to the first image (e.g.,
IMG11 of FIG. 14A) and second input image data IDAT?2
corresponding to the second image (e.g., IMG12 of FIG.
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14B). The grayscale checker 611 outputs a check signal
CHK representing the result of the grayscale checking
operation. In an embodiment, the grayscale checker 611 is
implemented with a processor.

[0208] In an exemplary embodiment, if the grayscale of
the first image is lower than the first reference grayscale, and
if the grayscale of the second image is higher than the
second reference grayscale, the check signal CHK has a first
logic level (e.g., a high level). In this embodiment, if the
grayscale of the first image is equal to or higher than the first
reference grayscale, or if the grayscale of the second image
is equal to or lower than the second reference grayscale, the
check signal CHK has a second logic level (e.g., a low level)
different from the first logic level.

[0209] The image processor 613 may generate the output
image data DAT by performing the selective modifying
operation based on the input image data IDAT and the result
of the grayscale checking operation (e.g., the check signal
CHK). For example, the output image data DAT may include
one of first output image data DAT1 corresponding to the
first image (e.g., IMG11 of FIG. 14A) and modified first
output image data DAT1' corresponding to the modified first
image (e.g., IMGI1' of FIG. 14C). The output image data
DAT may include second output image data DAT2 corre-
sponding to the second image (e.g., IMG12 of FIG. 14B).
[0210] In an exemplary embodiment, if the check signal
CHK has the first logic level, the image processor 613
generates the modified first output image data DAT1' based
on the first input image data IDAT1. In this embodiment, if
the check signal CHK has the second logic level, the image
processor 613 generates the first output image data DAT1
based on the first input image data IDAT1. The image
processor 613 may generate the second output image data
DAT2 based on the second input image data IDAT?2.
[0211] In an exemplary embodiment, the image processor
613 selectively further performs an image quality compen-
sation, a spot compensation, an adaptive color correction
(ACC), and/or a dynamic capacitance compensation (DCC)
on the input image data IDAT to generate the output image
data DAT.

[0212] The control signal generator 615 generates the first
control signal CONT1, the second control signal CONT2,
the third control signal CONT3 and the fourth control signal
CONT4 based on the input control signal ICONT.

[0213] Although not illustrated in FIGS. 19 and 20, the
data driver 620a may include a shift register, a data latch, a
digital-to-analog converter and an output buffer. The data
driver 6204 may generate the data signals DS based on the
first output image data DAT1 and the second output image
data DAT?2, or may generate the modified data signals DS'
based on the modified first output image data DAT1' and the
second output image data DAT?2.

[0214] FIG. 21 is a block diagram illustrating another
example of the display apparatus of FIG. 13.

[0215] Referring to FIG. 21, a display apparatus 5005
includes a panel driver and a display panel 700. The panel
driver includes a timing controller 6105, a data driver 6206,
ascan driver 630, an emission driver 640 and a power supply
650.

[0216] The display apparatus 5005 of FIG. 21 may be
substantially the same as the display apparatus 500a of FIG.
19, except that configurations of the timing controller 6105
and the data driver 6205 are changed in FIG. 21.
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[0217] In the example of FIG. 21, the timing controller
6105 performs the grayscale checking operation, and the
data driver 6205 performs the selective modifying operation.
For example, the timing controller 6105 performs the gray-
scale checking operation based on the input image data
IDAT, generates a check signal CHK representing the result
of the grayscale checking operation, and generates the
output image data DAT based on the input image data [DAT.
The data driver 6205 generates the plurality of data signals
(e.g., DS or DS' in FIG. 13) by performing the selective
modifying operation based on the output image data DAT
and the result of the grayscale checking operation (e.g., the
check signal CHK).

[0218] FIG. 22 is a block diagram illustrating an example
of a timing controller included in the display apparatus of
FIG. 21.

[0219] Referring to FIGS. 21 and 22, a timing controller
6105 includes a grayscale checker 611, an image processor
614 and a control signal generator 615.

[0220] The grayscale checker 611 and the control signal
generator 615 in FIG. 22 may be substantially the same as
the grayscale checker 611 and the control signal generator
615 in FIG. 20, respectively.

[0221] The image processor 614 generates the output
image data DAT based on the input image data IDAT. For
example, the image processor 614 may generate the first
output image data DAT1 based on the first input image data
IDAT1 corresponding to the first image (e.g., IMG11 of FIG.
14A), and may generate the second output image data DAT2
based on the second input image data IDAT?2 corresponding
to the second image (e.g., IMG12 of FIG. 14B).

[0222] FIG. 23 is a block diagram illustrating an example
of a data driver included in the display apparatus of FIG. 21.
[0223] Referring to FIGS. 21 and 23, a data driver 620a
includes a shift register 621, a data latch 623, a digital-to-
analog converter 625, an output buffer 627 and a grayscale
modifier 629.

[0224] The shift register 621 generates latch control sig-
nals based on a horizontal start signal STH and a data clock
signal DCK. The horizontal start signal STH and the data
clock signal DCK may be included in the first control signal
CONT1 in FIG. 21 that is provided from the timing con-
troller 6105 in FIG. 21.

[0225] The data latch 623 may sequentially store the
output image data DAT (e.g., serial data) based on the latch
control signals. The data latch 623 may output the output
image data DAT (e.g., parallel data) based on a data load
signal TP. The data load signal TP may be included in the
first control signal CONT1 in FIG. 21.

[0226] The grayscale modifier 629 selectively generates
grayscale compensation data GCD based on the result of the
grayscale checking operation (e.g., the check signal CHK).
For example, if the check signal CHK has the first logic
level, the grayscale modifier 629 generates the grayscale
compensation data GCD such that the display panel 700 in
FIG. 21 displays the modified first image (e.g., IMG11' of
FIG. 14C). If the check signal CHK has the second logic
level, the grayscale modifier 629 does not generate the
grayscale compensation data GCD.

[0227] The digital-to-analog converter 625 generates the
data signals DS or the modified data signals DS' for output
to the output buffer 727, and the output buffer 627 outputs
the data signals DS or the modified data signals DS'. For
example, if the check signal CHK has the first logic level,
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the modified data signals DS' are generated based on the
output image data DAT and the grayscale compensation data
GCD such that the display panel 700 in FIG. 21 sequentially
displays the modified first image (e.g., IMG11' of FIG. 14C)
and the second image (e.g., IMG12 of FIG. 14B). If the
check signal CHK has the second logic level, the data
signals DS are generated based on the output image data
DAT such that the display panel 700 in FIG. 21 sequentially
displays the first image (e.g., IMG11 of FIG. 14A) and the
second image (e.g., IMG12 of FIG. 14B).

[0228] FIG. 24 is a block diagram illustrating an example
of the display apparatus of FIG. 13.

[0229] Referring to FIG. 24, a display apparatus 500c¢
includes a panel driver and a display panel 700¢. The panel
driver includes a timing controller 610, a data driver 620, a
scan driver 630 and a power supply 650.

[0230] The display apparatus 500c of FIG. 24 may be
substantially the same as the display apparatus 500a of FIG.
19 or the display apparatus 5005 of FIG. 21, except that an
emission driver (e.g., the emission driver 640 in FIGS. 19
and 21) is omitted in FIG. 24, and configurations of a
plurality of pixels PX' included in the display panel 700c¢ are
changed in FIG. 24.

[0231] As described with reference to FIG. 9, each of the
pixels PX' may include an OLED, at least one transistor and
at least one capacitor. The number of transistors included in
each of the pixels PX' in FIG. 24 may be smaller than the
number of transistors included in each of the pixels PX in
FIGS. 19 and 21 because the emission driver is omitted in
FIG. 24.

[0232] The timing controller 610 may be one of the timing
controller 610a in FIG. 19 and the timing controller 6105 in
FIG. 21. The data driver 620 may be one of the data driver
620a in F1G. 19 and the data driver 6205 in FI1G. 21. For
example, as described with reference to FIG. 19, the timing
controller 610 may perform both the grayscale checking
operation and the selective modifying operation. In another
example, as described with reference to FIG. 21, the timing
controller 610 may perform the grayscale checking opera-
tion, and the data driver 620 may perform the selective
modifying operation.

[0233] The display apparatus 500a of FIG. 19, the display
apparatus 5005 of FIG. 21 and the display apparatus 500¢ of
FIG. 24 may perform the grayscale checking operation and
the selective modifying operation for a whole region of a
frame image or for a partial region of a frame image.
[0234] FIG. 25 is a flow chart illustrating a method of
operating a display apparatus according to an exemplary
embodiment of the inventive concept.

[0235] Referring to FIGS. 13, 14A, 14B, 14C and 25, ina
method of operating the display apparatus 50 according to
an exemplary embodiment of the inventive concept, a gray-
scale checking operation is performed on an image dis-
played on the display panel 70 (step S500). For example, the
grayscale checking operation may determine whether a first
image has a relatively low grayscale and whether a second
image has a relatively high grayscale. The first and second
images may be two consecutive images. For example, each
of the first and second images may be a frame image.
[0236] Based on a result of the grayscale checking opera-
tion, the first image is selectively modified (step S600). The
selective modifying operation may modify a grayscale of the
first image only when a predetermined condition occurs. In
an embodiment, the display panel 70 sequentially and con-
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tinuously displays the first image and the second image, or
sequentially and continuously displays the modified first
image and the second image.

[0237] In a method of operating the display apparatus 50
according to an exemplary embodiment of the inventive
concept, grayscales of a current image and a next image are
checked when a scene change occurs. Based on the result of
such a grayscale checking operation, the grayscale of the
current image is selectively modified. Accordingly, display
defects (e.g., color blurring, shadowing, residual image, etc.)
may be prevented, and thus the display apparatus 50 may
have a relatively improved display quality.

[0238] FIG. 26 is a flow chart illustrating an example of
step S500 in FIG. 25.

[0239] Referring to FIGS. 14A, 14B, 14C, 25 and 26, in
step 8500, the grayscale checking operation may be per-
formed in units of a frame image and for a whole region of
a frame image.

[0240] It is determined whether a grayscale of the first
image IMG11 is lower than a first reference grayscale (step
S510), and it is determined whether a grayscale of the
second image IMG12 is higher than a second reference
grayscale (step S520). The first reference grayscale may
represent a first criterion for determining whether the first
image IMG11 is a low grayscale image. The second refer-
ence grayscale may represent a second criterion for deter-
mining whether the second image IMG2 is a high grayscale
image.

[0241] If the grayscale of the first image IMG11 is lower
than the first reference grayscale (step S510: YES), and if the
grayscale of the second image IMG12 is higher than the
second reference grayscale (step S520: YES), it is deter-
mined that the modifying operation for the first image
IMG11 is required, and thus a check signal (e.g., CHK in
FIG. 20) having a first logic level is generated (step S530).
Ifthe grayscale of the first image IMG11 is equal to or higher
than the first reference grayscale (step S510: NO), or if the
grayscale of the second image IMG12 is equal to or lower
than the second reference grayscale (step S520: NO), it is
determined that the modifying operation for the first image
IMG11 is not required, and thus the check signal having a
second logic level is generated (step S540).

[0242] FIG. 27 is a flow chart illustrating an example of
step S600 in FIG. 25.

[0243] Referring to FIGS. 14A, 14B, 14C, 25 and 27, in
step S600, the selective modifying operation may be per-
formed in units of a frame image and for a whole region of
a frame image.

[0244] If the check signal has the first logic level (step
S610: YES), the first image IMG11 is modified (step S620).
For example, the modified first image IMG11' may have a
first grayscale that is higher than the grayscale of the first
image IMG11. In this example, the modified first image
IMG11" and the second image IMG12 may be sequentially
and continuously displayed.

[0245] If the check signal has the first logic level (step
S610: NO), the first image IMG11 is not modified and is
maintained (step S630). In this example, the first image
IMGI11 and the second image IMG12 may be sequentially
and continuously displayed.

[0246] FIG. 28 is a flow chart illustrating another example
of step S500 in FIG. 25.
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[0247] Referring to FIGS. 17A, 17B, 17C, 184, 18B, 25
and 28, in step S500, the grayscale checking operation may
be performed in units of a frame image and for a partial
region of a frame image.

[0248] It is determined whether a grayscale of the first
region PI1 in the first image IMG21 or IMG31 is lower than
a first reference grayscale (step S515), and it is determined
whether a grayscale of the first region PI2 in the second
image IMG22 is higher than a second reference grayscale
(step S525).

[0249] If the grayscale of the first region PI1 in the first
image IMG21 or IMG31 is lower than the first reference
grayscale (step S515: YES), and if the grayscale of the first
region PI2 in the second image IMG22 is higher than the
second reference grayscale (step S525: YES), a check signal
(e.g., CHK in FIG. 20) having a first logic level is generated
(step S530). If the grayscale of the first region PI1 in the first
image IMG21 or IMG31 is equal to or higher than the first
reference grayscale (step S515: NO), or if the grayscale of
the first region P12 in the second image IMG22 is equal to
or lower than the second reference grayscale (step S525:
NO), the check signal having a second logic level is gen-
erated (step S540).

[0250] FIG. 29 is a flow chart illustrating another example
of step S600 in FIG. 25.

[0251] Referring to FIGS. 17A, 17B, 17C, 18A, 18B, 25
and 29, in step S600, the selective modifying operation may
be performed in units of a frame image and for a partial
region of a frame image.

[0252] If the check signal has the first logic level (step
S610: YES), the first image IMG21 or IMG31 is modified
(step S625). For example, the first region PI1' in the modi-
fied first image IMG21' or IMG31' may have a first grayscale
that is higher than the grayscale of the first region PI1 in the
first image IMG21 or IMG31.

[0253] If the check signal has the first logic level (step
S610: NO), the first image IMG21 or IMG31 is not modified
and is maintained (step S635). In this example, the first
image IMG21 or IMG31 and the second image IMG22 may
be sequentially and continuously displayed.

[0254] After step S625, it is further determined whether
another region having the first grayscale exists in the first
image IMG21 or IMG31 (step S640).

[0255] If a grayscale of the second region PI3 in the first
image IMG31 is the first grayscale (step S640: YES), the
first image IMG31 is additionally modified (step S650). For
example, the second region PI3' in the modified first image
IMG31' may have a second grayscale that is higher than the
first grayscale. In this example, the additionally modified
first image IMG31' and the second image IMG22 may be
sequentially and continuously displayed.

[0256] Ifanother region having the first grayscale does not
exist in the first image IMG21 (step S640: NO), the first
image IMG21 is not additionally modified. In this example,
the modified first image IMG21' and the second image
IMG22 may be sequentially and continuously displayed.
[0257] In an exemplary embodiment, the grayscale check-
ing operation is performed by the timing controller included
in the display apparatus, and the selective modifying opera-
tion is performed by one of the timing controller and the data
driver included in the display apparatus.

[0258] FIG. 30 is a block diagram illustrating a display
apparatus according to exemplary embodiments.
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[0259] Referring to FIG. 30, a display apparatus 800
includes a panel driver 810 and a display panel 820.
[0260] As described with reference to FIGS. 1 through 12,
the display apparatus 800 performs the selective BCB opera-
tion by checking a grayscale of a current image or grayscales
of the current image and a next image, and by selectively
applying an initialization voltage VINT to an OLED in each
pixel based on a result of the grayscale checking operation.
In addition, as described with reference to FIGS. 13 through
29, the display apparatus 800 further checks the grayscales
of the current image and the next image when a scene
change occurs, and selectively modifies the grayscale of the
current image based on a result of the grayscale checking
operation.

[0261] For example, the panel driver 810 performs a
grayscale checking operation on a single image (e.g., a first
image) or two consecutive images (e.g., the first image and
a second image) based on a first data signal among a
plurality of data signals DS or DS', generates a first initial-
ization control signal among a plurality of initialization
control signals GB based on the result of the grayscale
checking operation. If the first initialization control signal is
activated, a first initialization unit included in a first pixel is
enabled, and the initialization voltage VINT is applied to a
first OLED included in the first pixel while the first image is
displayed. In addition, the panel driver 810 performs the
grayscale checking operation on two consecutive images
(e.g., the first and second images) based on the first data
signal, and performs a selective modifying operation on the
first image based on the result of the grayscale checking
operation.

[0262] FIG. 31 is a block diagram illustrating an electronic
system including the display apparatus according to an
exemplary embodiment of the inventive concept. FIGS. 32A
and 32B are diagrams illustrating examples of the electronic
system of FIG. 31.

[0263] Referring to FIGS. 31, 32A and 32B, an electronic
system 1000 includes a processor 1010, a memory 1020, a
storage device 1030, a display apparatus 1040, an input/
output (I/0) device 1050 and a power supply device 1060.
[0264] Inan exemplary embodiment, as illustrated in FIG.
32A, the electronic system 1000 is implemented as a tele-
vision. As illustrated in FIG. 32B, the electronic system
1000 may be implemented as a smart phone. Although not
illustrated in FIGS. 32A and 32B, the electronic system 1000
may be any computing system, such as a personal computer
(PC), a server computer, a workstation, a digital television,
a set-top box, etc., and/or may be any mobile system, such
as a mobile phone, a smart phone, a tablet computer, a laptop
computer, a personal digital assistants (PDA), a portable
multimedia player (PMP), a digital camera, a portable game
console, a music player, a camcorder, a video player, a
navigation system, etc. The mobile system may further
include a wearable device, an internet of things (IoT) device,
an internet of everything (IoE) device, an e-book, a virtual
reality (VR) device, an augmented reality (AR) device, a
robotic device, etc.

[0265] The processor 1010 may perform various compu-
tational functions such as particular calculations and tasks.
For example, the processor 1010 may be a central processing
unit (CPU), a microprocessor, an application processor
(AP), etc.

[0266] The memory 1020 and the storage device 1030
may store data required for operating the electronic system
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1000 and/or data processed by the processor 1010. For
example, the memory 1020 may include a volatile memory
such as a dynamic random access memory (DRAM), a static
random access memory (SRAM), etc., and/or a non-volatile
memory such as an electrically erasable programmable
read-only memory (EEPROM). a flash memory, a phase
change random access memory (PRAM), a resistance ran-
dom access memory (RRAM), a magnetic random access
memory (MRAM), a ferroelectric random access memory
(FRAM), a nano floating gate memory (NFGM), or a
polymer random access memory (PoRAM), etc. The storage
device 1030 may include a CD-ROM, a hard disk drive
(HDD), a solid state drive (SSD), etc.
[0267] The I/0O device 1050 may include at least one input
device such as a keypad, a button, a microphone, a touch
screen, etc., and/or at least one output device such as a
speaker, a printer, etc. The power supply device 1060 may
provide power to the electronic system 1000.
[0268] The display apparatus 1040 may be one of the
above-described display apparatuses (e.g.. 10, 70, 800, etc.)
according to exemplary embodiments. In an exemplary
embodiment, the display apparatus 1040 performs the selec-
tive BCB operation by checking a grayscale of a current
image or grayscales of the current image and a next image,
and by selectively applying an initialization voltage to an
OLED in each pixel based on a result of the grayscale
checking operation as described with reference to FIGS. 1
through 12. In other exemplary embodiments, the display
apparatus 1040 checks the grayscales of the current image
and the next image when a scene change occurs, and
selectively modifies the grayscale of the current image based
on a result of the grayscale checking operation as described
with reference to FIGS. 13 through 29. In still other exem-
plary embodiments, the display apparatus 1040 substantially
simultaneously or concurrently performs such operations as
described with reference to FIG. 30. Accordingly, display
defects may be prevented, and the display apparatus 1040
may have a relatively improved display quality.
[0269] The above described embodiments may be used in
a display apparatus and/or a system including the display
apparatus, such as a mobile phone, a smart phone, a PDA,
a PMP, a digital camera, a digital television, a set-top box,
a music player, a portable game console, a navigation
device, a PC, a server computer, a workstation, a tablet
computer, a laptop computer, etc.
[0270] The foregoing is illustrative of exemplary embodi-
ments and is not to be construed as limiting thereof.
Although a few exemplary embodiments have been
described, those skilled in the art will readily appreciate that
many modifications are possible in the exemplary embodi-
ments without materially departing from the present inven-
tive concept. Accordingly, all such modifications are
intended to be included within the scope of the present
inventive concept.
What is claimed is:
1. A display apparatus comprising:
a display panel comprising a first pixel including a first
organic light emitting diode (OLED); and
a panel driver configured to apply a first voltage to an
anode electrode of the first OLED while a first frame
image is displayed on the display panel if a grayscale
of the first frame image is lower than a first reference
grayscale.
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2. The display apparatus of claim 1, wherein the first
voltage is an initialization voltage for resetting the first
OLED.

3. The display apparatus of claim 2, wherein the first pixel
further comprises:

a first transistor connected between the anode electrode of
the first OLED and a node receiving the initialization
voltage, the first transistor having a gate electrode
receiving a first initialization control signal.

4. The display apparatus of claim 3, wherein the panel

driver comprises:

a data driver configured to generate a first data signal
based on image data corresponding to the first frame
image; and

an initialization controller configured to generate the first
initialization control signal by checking the grayscale
of the first frame image based on the first data signal.

5. The display apparatus of claim 4, wherein the initial-
ization controller comprises:

a comparator including a first input terminal receiving the
first data signal, a second input terminal receiving a first
reference signal corresponding to the first reference
grayscale, and an output terminal outputting the first
initialization control signal.

6. The display apparatus of claim 5, wherein when a
voltage level of the first data signal is higher than a voltage
level of the first reference signal, the initialization controller
determines that the grayscale of the first frame image is
lower than the first reference grayscale to activate the first
initialization control signal,

wherein the initialization voltage is applied to the anode
electrode of the first OLED when the first initialization
control signal is activated.

7. The display apparatus of claim 4, wherein the initial-

ization controller is disposed on the display panel.

8. The display apparatus of claim 4, wherein the initial-
ization controller is disposed within the data driver.

9. The display apparatus of claim 1, wherein the panel
driver applies the first voltage to the anode electrode of the
first OLED while the first frame image is displayed on the
display panel if the gravscale of the first frame image is
lower than the first reference grayscale and if a grayscale of
a second frame image is higher than a second reference
grayscale,

wherein the first and second frame images are two con-
secutive images.

10. The display apparatus of claim 9, wherein the panel
driver modifies the first frame image if the grayscale of the
first frame image is lower than the first reference grayscale
and ifthe grayscale of the second frame image is higher than
the second reference grayscale.

11. A method of operating a display apparatus comprising
a display panel including a first pixel, the method compris-
ing:

comparing a grayscale of a first frame image displayed on
the display panel with a first reference grayscale; and

applying a first voltage to an anode electrode of a first
organic light emitting diode (OLED) included in the
first pixel while the first frame image is displayed on
the display panel if a result of the comparing indicates
the grayscale of the first frame image is lower than the
first reference grayscale.

12. The method of claim 11, wherein the first voltage is an

initialization voltage for resetting the first OLED.
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13. The method of claim 12, wherein comparing the
grayscale of the first frame image with the first reference
grayscale comprises:

generating a first data signal based on image data corre-

sponding to the first frame image; and

generating a first initialization control signal by compar-

ing the first data signal with a first reference signal
corresponding to the first reference grayscale.

14. The method of claim 13, wherein when a voltage level
of the first data signal is higher than a voltage level of the
first reference signal, it is determined that the grayscale of
the first frame image is lower than the first reference
grayscale to activate the first initialization control signal,

wherein the initialization voltage is applied to the anode

electrode of the first OLED when the first initialization
control signal is activated.

15. The method of claim 11, further comprising;

comparing a grayscale of a second frame image displayed

on the display panel with a second reference grayscale,
the first and second frame images being two consecu-
tive images,

wherein the first voltage is applied to the anode electrode

of the first OLED while the first frame image is
displayed on the display panel if the grayscale of the
first frame image is lower than the first reference
grayscale and if the grayscale of the second frame
image is higher than the second reference grayscale.

16. A display apparatus comprising:

a display panel comprising a first pixel, the first pixel

including:

a first organic light emitting diode (OLED); and

a first initialization circuit connected to the first OLED;
and

a panel driver configured to generate a first initialization

control signal by comparing a grayscale of a first partial
image displayed on the first pixel with a first reference
grayscale,

wherein when the first initialization control signal is

activated, the first initialization circuit is enabled and
applies an initialization voltage to the first OLED while
the first partial image is displayed on the first pixel.

17. The display apparatus of claim 16, wherein the panel
driver activates the first initialization control signal if the
grayscale of the first partial image is lower than the first
reference grayscale.

18. The display apparatus of claim 17, wherein the panel
driver determines that the grayscale of the first partial image
is lower than the first reference grayscale if a voltage level
of a first data signal corresponding to the first partial image
is higher than a voltage level of a first reference signal
corresponding to the first reference grayscale.

19. The display apparatus of claim 16, wherein the panel
driver generates the first initialization control signal by
comparing the grayscale of the first partial image with the
first reference grayscale, and by comparing a grayscale of a
second partial image displayed on the first pixel with a
second reference grayscale,

wherein the first and second partial images are two

consecutive images.

20. The display apparatus of claim 19, wherein the panel
driver activates the first initialization control signal if the
grayscale of the first partial image is lower than the first
reference grayscale, and if the grayscale of the second partial
image is higher than the second reference grayscale.
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21. The display apparatus of claim 16, wherein the panel
driver comprises:

a data driver configured to generate a first data signal
corresponding to the first partial image based on image
data; and

an initialization controller configured to generate the first
initialization control signal by checking the grayscale
of the first partial image based on the first data signal.

22. The display apparatus of claim 21, wherein the
initialization controller comprises:

a comparator including a first input terminal receiving the
first data signal, a second input terminal receiving a first
reference signal corresponding to the first reference
grayscale, and an output terminal outputting the first
initialization control signal.

23. The display apparatus of claim 21, wherein the

initialization controller is disposed on the display panel.

24. The display apparatus of claim 21, wherein the
initialization controller is disposed within the data driver.

25. The display apparatus of claim 16, wherein the first
initialization circuit comprises:

a first transistor connected between an anode electrode of
the first OLED and a node receiving the initialization
voltage, the first transistor having a gate electrode
receiving the first initialization control signal.

26. The display apparatus of claim 25, wherein the
initialization voltage is applied to the anode electrode of the
first OLED.

27. A display apparatus comprising:

a display panel including a plurality of pixels; and

a panel driver configured to modify a first frame image
displayed on the display panel if a grayscale of the first
frame image is lower than a first reference grayscale
and if a grayscale of a second frame image displayed on
the display panel is higher than a second reference
grayscale,

wherein the first and second frame images are two con-
secutive images.

28. The display apparatus of claim 27, wherein the panel
driver increases the grayscale of the first frame image to a
first grayscale if the grayscale of the first frame image is
lower than the first reference grayscale and if the grayscale
of the second frame image is higher than the second refer-
ence grayscale.
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29. The display apparatus of claim 27, wherein the panel
driver increases a grayscale of a first region in the first frame
image to a first grayscale if the grayscale of the first region
in the first frame image is lower than the first reference
grayscale and if a grayscale of a first region in the second
frame image is higher than the second reference grayscale,

wherein the first region in the second frame image cor-

responds to the first region in the first frame image.

30. The display apparatus of claim 29, wherein the panel
driver increases the grayscale of the first region in the first
frame image to the first grayscale and increases a grayscale
of a second region in the first frame image to a second
grayscale if the grayscale of the second region in the first
frame image is substantially equal to the first grayscale,

wherein the second region in the first frame image is

different from the first region in the first frame image,
and

wherein the second grayscale is higher than the first

grayscale.

31. A display apparatus comprising:

a display panel comprising a pixel including a first

transistor having a first non-gate electrode connected to
a node receiving a first data signal and an organic light
emitting diode (OLED); and

a controller configured to receive a second data signal

output by a second non-gate electrode of the first
transistor,

wherein the controller is configured to selectively disable

the OLED based on how the second data signal com-
pares to a first reference grayscale and a second refer-
ence grayscale that is higher than the first reference
grayscale.

32. The display apparatus of claim 31, wherein the
controller disables the OLED when a grayscale of the
second data signal is less than the first reference grayscale
during a first time and greater than the second reference
grayscale during a second time.

33. The display apparatus of claim 32, wherein the pixel
further comprises a second transistor connected between a
node receiving a voltage configured to reset the OLED and
an anode electrode of the OLED, and the controller applies
a signal to a gate electrode of the second transistor to disable
the OLED.
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