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ORGANIC LIGHT-EMITTING DIODE (OLED)
DISPLAY AND METHOD OF ADJUSTING
LUMINANCE OF A LOGO REGION OF AN
IMAGE DISPLAYED ON THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims priority under 35 USC §119
to Korean Patent Application No. 10-2015-0012521, filed on
Jan. 27, 2015 in the Korean Intellectual Property Office
(KIPO), the contents of which are incorporated herein in its
entirety by reference.

BACKGROUND

[0002] 1.Field

[0003] The described technology generally relates to an
organic light-emitting diode (OLED) display and a method of
adjusting luminance of a logo region of a displayed image.
[0004] 2. Description of the Related Technology

[0005] Recently, the use of OLED displays in electronic
devices such as mobile phones and televisions has been wide-
spread. In an OLED display, each pixel emits light by sup-
plying a current to OLEDs in each of the pixels. Here, the
OLED may degrade (e.g., deteriorate) due to the current
supplied to the OLEDs. Thus, OLED displays can compen-
sate image data such that a higher current is applied to the
OLED:s. Thatis, when the image data is modified to compen-
sate for a degraded pixel, it will emit light with substantially
the same luminance as a non-degraded pixel. However, image
data compensation is limited, and thus, a viewer may observe
or perceive luminance degradation resulting from pixel deg-
radation (i.e., degradation of the OLEDs).

SUMMARY OF CERTAIN INVENTIVE ASPECTS

[0006] One inventive aspect is an organic light-emitting
diode (OLED) display that can reduce pixel degradation
caused dueto a logo region of an image displayed on a display
panel and a method of adjusting luminance of a logo region of
an image for the OLED display.

[0007] Another aspect is an OLED display that can reflect
pixel characteristics related to a lifetime of a display panel
(e.g., a lifetime characteristic of a red color pixel that outputs
red color light, a lifetime characteristic of a green color pixel
that outputs green color light, and a lifetime characteristic of
a blue color pixel that outputs blue color light) when the
OLED display reduces luminance of a logo region of an
image displayed on the display panel to alleviate a permanent
afterimage due to a luminance difference or a color difference
between the logo region of the image and a non-logo region of
the image.

[0008] Another aspect is a method of adjusting luminance
of a logo region of an image for an OLED display that can
reduce the luminance of the logo region of the image by
reflecting pixel characteristics related to a lifetime of a dis-
play panel included in the OLED display (e.g., a lifetime
characteristic of a red color pixel that outputs red color light,
a lifetime characteristic of a green color pixel that outputs
green color light, and a lifetime characteristic of a blue color
pixel that outputs blue color light).

[0009] Another aspect is an OLED display including a dis-
play panel configured to display an image including a logo
region, the display panel including a red color pixel that
outputs red color light, a green color pixel that outputs green
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color light, and a blue color pixel that outputs blue color light,
and a display driving integrated circuit configured to drive the
display panel and to reduce luminance of the logo region by
reducing luminance of the blue color light output from the
blue color pixel located in the logo region.

[0010] In example embodiments, the display driving inte-
grated circuit can determine a logo surrounding region of the
image that surrounds the logo region by detecting the logo
region, can calculate average luminance of the blue color light
of the logo surrounding region, can determine target lumi-
nance of the blue color light based on the average luminance
of the blue color light of the logo surrounding region, and can
reduce the luminance of the blue color light of the logo region
to be substantially the same as the target luminance of the blue
color light.

[0011] In example embodiments, the display driving inte-
grated circuit can adjust an amount of luminance reduction of
the blue color light based on degradation information of the
blue color pixel located in the logo region.

[0012] In example embodiments, the display driving inte-
grated circuit can increase the amount of the luminance
reduction of the blue color light as a degradation degree of the
blue color pixel located in the logo region increases.

[0013] In example embodiments, the display driving inte-
grated circuit can further reduce the luminance of the logo
region by reducing luminance of the green color light output
from the green color pixel located in the logo region. In
addition, an amount of luminance reduction of the blue color
light output from the blue color pixel located in the logo
region can be larger than an amount of lTuminance reduction of
the green color light output from the green color pixel located
in the logo region.

[0014] In example embodiments, the display driving inte-
grated circuit can determine a logo surrounding region of the
image that surrounds the logo region by detecting the logo
region, can calculate average luminance of the blue color light
of the logo surrounding region and average luminance of the
green color light of the logo surrounding region, can deter-
mine target luminance of the blue color light and target lumi-
nance of the green color light based on the average luminance
of the blue color light of the logo surrounding region and the
average luminance of the green color light of the logo sur-
rounding region, and can reduce the luminance of the blue
color light of the logo region to be substantially the same as
the target luminance of the blue color light and the luminance
of the green color light of the logo region to be substantially
the same as the target luminance of the green color light.

[0015] In example embodiments, the display driving inte-
grated circuit can adjust the amount of the luminance reduc-
tion of the blue color light based on degradation information
of the blue color pixel located in the logo region. In addition,
the display driving integrated circuit can adjust the amount of
the luminance reduction of the green color light based on
degradation information of the green color pixellocated in the
logo region.

[0016] In example embodiments, the display driving inte-
grated circuit can increase the amount of the luminance
reduction of the blue color light as a degradation degree of the
blue color pixel located in the logo region increases. In addi-
tion, the display driving integrated circuit can increase the
amount of the luminance reduction of the green color light as
a degradation degree of the green color pixel located in the
logo region increases.
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[0017] In example embodiments, the display driving inte-
grated circuit can further reduce the luminance of the logo
region by reducing luminance of the red color light output
from thered color pixel located in the logo region. In addition,
an amount of luminance reduction of the blue color light
output from the blue color pixel located in the logo region can
be larger than an amount of luminance reduction of the red
color light output from the red color pixel located in the logo
region.

[0018] In example embodiments, the display driving inte-
grated circuit can determine a logo surrounding region of the
image that surrounds the logo region by detecting the logo
region, can calculate average luminance of the blue color light
of the logo surrounding region and average luminance of the
red color light of the logo surrounding region, can determine
target luminance of the blue color light and target luminance
of the red color light based on the average luminance of the
blue color light of the logo surrounding region and the aver-
age luminance of the red color light of the logo surrounding
region, and can reduce the luminance of the blue color light of
the logo region to be substantially the same as the target
luminance of the blue color light and the luminance of the red
color light of the logo region to be substantially the same as
the target luminance of the red color light.

[0019] In example embodiments, the display driving inte-
grated circuit can adjust the amount of the luminance reduc-
tion of the blue color light based on degradation information
of the blue color pixel located in the logo region. In addition,
the display driving integrated circuit can adjust the amount of
the luminance reduction of the red color light based on deg-
radation information of the red color pixel located in the logo
region.

[0020] In example embodiments, the display driving inte-
grated circuit can increase the amount of the luminance
reduction of the blue color light as a degradation degree of the
blue color pixel located in the logo region increases. In addi-
tion, the display driving integrated circuit can increase the
amount of the luminance reduction of the red color light as a
degradation degree of the red color pixel located in the logo
region increases.

[0021] In example embodiments, the display driving inte-
grated circuit can further reduce the luminance of the logo
region by reducing luminance of the green color light output
from the green color pixel located in the logo region and
luminance of the red color light output from the red color
pixel located in the logo region. In addition, an amount of
luminance reduction of the blue color light output from the
blue color pixel located in the logo region can be larger than
an amount of luminance reduction of the green color light
output from the green color pixel located in the logo region
and an amount of luminance reduction of the red color light
output from the red color pixel located in the logo region.
Furthermore, the amount of the luminance reduction of the
green color light output from the green color pixel located in
the logo region can be larger than the amount of the luminance
reduction of the red color light output from the red color pixel
located in the logo region.

[0022] In example embodiments, the display driving inte-
grated circuit can determine a logo surrounding region of the
image that surrounds the logo region by detecting the logo
region, can calculate average luminance of the blue color light
of the logo surrounding region, average luminance of the
green color light of the logo surrounding region, and average
luminance of the red color light of the logo surrounding
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region, can determine target luminance of the blue color light,
target luminance of the green color light, and target lumi-
nance of the red color light based on the average luminance of
the blue color light of the logo surrounding region, the aver-
age luminance of'the green color light of the logo surrounding
region, and the average luminance of the red color light of the
logo surrounding region, and can reduce the luminance of the
blue color light of the logo region to be substantially the same
as the target luminance of the blue color light, the luminance
of the green color light of the logo region to be substantially
the same as the target luminance of the green color light, and
the luminance of the red color light of the logo region to be
substantially the same as the target luminance of the red color
light.

[0023] In example embodiments, the display driving inte-
grated circuit can adjust the amount of the luminance reduc-
tion of the blue color light based on degradation information
of the blue color pixel located in the logo region. In addition,
the display driving integrated circuit can adjust the amount of
the luminance reduction of the green color light based on
degradation information of the green color pixel located in the
logo region. Furthermore, the display driving integrated citr-
cuit can adjust the amount of the luminance reduction of the
red color light based on degradation information of the red
color pixel located in the logo region.

[0024] In example embodiments, the display driving inte-
grated circuit can increase the amount of the luminance
reduction of the blue color light as a degradation degree of the
blue color pixel located in the logo region increases. In addi-
tion, the display driving integrated circuit can increase the
amount of the luminance reduction of the green color light as
a degradation degree of the green color pixel located in the
logo region increases. Furthermore, the display driving inte-
grated circuit can increase the amount of the luminance
reduction of the red color light as a degradation degree of the
red color pixel located in the logo region increases.

[0025] In example embodiments, the display driving inte-
grated circuit can include a scan driver configured to provide
a scan signal to the display panel, a data driver configured to
provide a data signal to the display panel, a logo controller
configured to generate compensated image data by reducing
the luminance of the logo region on image data input from
outside, and a timing controller configured to control the scan
driver, the data driver, and the logo controller.

[0026] In example embodiments, the display driving inte-
grated circuit can further include a memory device configured
to store degradation information of the blue color pixel, deg-
radation information of the green color pixel, and degradation
information of the red color pixel by accumulating the image
data applied to the blue color pixel, the green color pixel, and
the red color pixel.

[0027] Another aspect is a method of adjusting luminance
of alogo region of an image for an OLED display including
an operation of detecting a logo region of an image that is
displayed on a display panel, an operation of determining a
logo surrounding region of the image that surrounds the logo
region, an operation of calculating average luminance of blue
color light of the logo surrounding region, average luminance
of green color light of the logo surrounding region, and aver-
age luminance of red color light of the logo surrounding
region, an operation of determining target luminance of the
blue color light, target luminance of the green color light, and
target luminance of the red color light based on the average
luminance of the blue color light of the logo surrounding
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region, the average luminance of the green color light of the
logo surrounding region, and the average luminance of the red
color light of the logo surrounding region, and an operation of
reducing the luminance of the blue color light of the logo
region to be substantially the same as the target luminance of
the blue color light, the luminance of the green color light of
the logo region to be substantially the same as the target
luminance of the green color light, and the luminance of the
red color light of the logo region to be substantially the same
as the target luminance of the red color light. Here, an amount
of luminance reduction of the blue color light output from the
blue color pixel located in the logo region can be determined
to be larger than an amount of luminance reduction of the
green color light output from the green color pixel located in
the logo region and an amount of luminance reduction of the
red color light output from the red color pixel located in the
logo region. In addition, the amount of the luminance reduc-
tion of the green color light output from the green color pixel
located in the logo region can be determined to be larger than
the amount of the luminance reduction of the red color light
output from the red color pixel located in the logo region.
[0028] In example embodiments, the amount of the lumi-
nance reduction of the blue color light can increase as a
degradation degree of the blue color pixel located in the logo
region increases. In addition, the amount of the luminance
reduction of the green color light can increase as a degrada-
tion degree of the green color pixel located in the logo region
increases. Furthermore, the amount of the luminance reduc-
tion of the red color light can increase as a degradation degree
of the red color pixel located in the logo region increases.
[0029] Another aspect is an OLED display comprising a
display panel configured to display an image including a logo
region, wherein the display panel comprises a plurality ofred,
green, and blue color pixels; and a display driver configured
to: 1) drive the display panel and ii) reduce the luminance of
blue color light emitted from first blue color pixels located in
the logo region.

[0030] In example embodiments, the display driver is fur-
ther configured to determine a logo surrounding region that
surrounds the logo region; calculate an average luminance of
the blue color light emitted from second blue color pixels
located in the logo surrounding region; determine a target
luminance of the blue color light emitted from the first blue
color pixels based on the average luminance of the blue color
light emitted from the second blue color pixels; and reduce
the luminance of the blue color light emitted from the first
blue color pixels to be substantially the same as the target
luminance.

[0031] In example embodiments, the display driver is fur-
ther configured to adjust an amount of reduction in the lumi-
nance of the blue color light emitted from the first blue color
pixels based on degradation information of the first blue color
pixels. The display driver can be further configured to
increase the amount of reduction in the luminance of the blue
color light emitted from the first blue color pixels as a degree
of degradation of the first blue color pixels increases.

[0032] In example embodiments, the display driver is fur-
ther configured to reduce the luminance of green color light
emitted from first green color pixels located in the logo
region; and reduce the luminance of the first blue color pixels
by anamount that is greater than an amount of reduction in the
luminance of the first green color pixels.

[0033] In example embodiments, the display driver is fur-
ther configured to determine a logo surrounding region that
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surrounds the logo region; calculate an average luminance of
the blue color light emitted from second blue color pixels
located in the logo surrounding region and an average lumi-
nance ofthe green color light emitted from second green color
pixels located in the logo surrounding region; determine a
blue target luminance of the blue color light emitted from the
first blue color pixels and a green target luminance of the
green color light emitted from the first green color pixels
based on the average luminance of the blue color light emitted
from the second blue color pixels and the average luminance
of the green color light emitted from the second green color
pixels; and reduce the luminance of the blue color light emit-
ted from the first blue color pixels to be substantially the same
as the blue target luminance and the luminance of the green
color light emitted from the first green color pixels to be
substantially the same as the green target luminance.

[0034] In example embodiments, the display driver is fur-
ther configured to adjust the amount of reduction in the lumi-
nance of the first blue color pixels based on degradation
information of the first blue color pixels; and adjust the
amount of reduction in the luminance of the first green color
pixels based on degradation information of the first green
color pixels. The display driver can be further configured to
increase the amount of reduction in the luminance of the first
blue color pixels as a degree of degradation of the first blue
color pixels increases; and increase the amount of reduction
in the luminance of the first green color pixels as a degree of
degradation of the first green color pixels increases.

[0035] In example embodiments, the display driver is fur-
ther configured to reduce the luminance of red color light
emitted from first red color pixels located in the logo region;
and reduce the luminance of the first blue color pixels by an
amount that is greater than an amount of reduction in the
luminance of the first red color pixels.

[0036] In example embodiments, the display driver is fur-
ther configured to determine a logo surrounding region that
surrounds the logo region; calculate an average luminance of
the blue color light emitted by second blue color pixels
located in the logo surrounding region and an average lumi-
nance of the red color light emitted from second red color
pixels located in the logo surrounding region; determine a
blue target luminance of the blue color light emitted from the
first blue color pixels and a target luminance of the red color
light emitted from the first red color pixels based on the
average luminance of the blue color light emitted from the
first blue color pixels and the average luminance of the red
color light emitted from the first red color pixels; and reduce
the luminance of the blue color light emitted from the first
blue color pixels to be substantially the same as the blue target
luminance and the luminance of the red color light emitted
from the first red color pixels to be substantially the same as
the red target luminance.

[0037] In example embodiments, the display driver is fur-
ther configured to adjust the amount of reduction in the lumi-
nance of the first blue color pixels based on degradation
information of the first blue color pixels, and adjust the
amount of reduction in the luminance of the first red color
pixels based on degradation information of the first red color
pixels. The display driver can be further configured to
increase the amount of reduction in the luminance of the first
blue color pixels as a degree of degradation of the first blue
color pixels increases; and increase the amount of reduction
in the luminance of the first red color pixels as a degree of
degradation of the first red color pixels increases.
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[0038] In example embodiments, the display driver is fur-
ther configured to reduce the luminance of green color light
emitted from first green color pixels located in the logo region
and luminance of red color light emitted from first red color
pixels located in the logo region, reduce the luminance of the
first blue color pixels by an amount that is greater than an
amount of reduction in the luminance of the first green color
pixels and an amount of reduction in the luminance of the first
red color pixels, and reduce the luminance of the first green
color pixels by an amount that is greater than the amount of
reduction in the luminance of the first red color pixels.
[0039] In example embodiments, the display driver is fur-
ther configured to determine a logo surrounding region that
surrounds the logo region; calculate 1) an average luminance
of the blue color light emitted by second blue color pixels
located in the logo surrounding region, ii) an average lumi-
nance of the green color light emitted by second green color
pixels located in the logo surrounding region, and iii) an
average luminance of the red color light emitted by second
red color pixels located in the logo surrounding region; deter-
mine i) a blue target luminance of the blue color light emitted
from the first blue color pixels, ii) a green target luminance of
the green color light emitted from the first green color pixels,
and ii1) a red target luminance of the red color light emitted
from the first red color pixels based on the average luminance
of the blue color light emitted from the first blue color pixels,
the average luminance of the green color light emitted from
the first blue color pixels, and the average luminance of the
red color light emitted from the first blue color pixels; and
reduce 1) the luminance of the blue color light emitted from
the first blue color pixels to be substantially the same as the
blue target luminance, ii) the luminance of the green color
light emitted from the first green color pixels to be substan-
tially the same as the green target luminance, and iii) the
luminance of the red color light emitted from the first red
color pixels to be substantially the same as the red target
luminance.

[0040] In example embodiments, the display driver is fur-
ther configured to adjust the amount of reduction in the lumi-
nance of the first blue color pixels based on degradation
information of the first blue color pixels; adjust the amount of
reduction in the luminance of the first green color pixels based
on degradation information of the first green color pixels; and
adjust the amount of reduction in the luminance of the firstred
color pixels based on degradation information of the first red
color pixels.

[0041] In example embodiments, the display driver is fur-
ther configured to increase the amount of reduction in the
luminance of the first blue color pixels as a degree of degra-
dation of the first blue color pixels increases; increase the
amount of reduction in the luminance of the first green color
pixels as a degree of degradation of the first green color pixels
increases; and increase the amount of reduction in the lumi-
nance of the first red color pixels as a degree of degradation of
the first red color pixels increases.

[0042] In example embodiments, the display driver is fur-
ther configured to a scan driver configured to provide a plu-
rality of scan signals to the display panel; a data driver con-
figured to provide a plurality of data signals to the display
panel; a logo controller configured to generate compensated
image data by reducing the luminance of the logo region on
initial image data; and a timing controller configured to con-
trol the scan driver, the data driver, and the logo controller.
The display driver can be further configured to a memory
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configured to store degradation information of each of the
first blue, green, and red color pixels.

[0043] Another aspect is a method of adjusting the lumi-
nance of a logo region of an image for display by an OLED
display, the method comprising detecting a logo region of the
image that is displayed on the OLED display; determining a
logo surrounding region display on the OLED display that
surrounds the logo region; calculating 1) an average lumi-
nance of blue color light emitted by second blue color pixels
located in the logo surrounding region, ii) an average lumi-
nance of green color light emitted by second green color
pixels located in the logo surrounding region, and iii) an
average luminance of red color light emitted by second red
color pixels located in the logo surrounding region; determin-
ing 1) a blue target luminance of blue color light emitted by
first blue color pixels located in the logo region, ii) a green
target luminance of green color light emitted by first green
color pixels located in the logo region, and iii) a red target
luminance of red color light emitted by first red color pixels
located in the logo region based on the average luminance of
the blue color light emitted by the second blue color pixels,
the average luminance of the green color light emitted by the
second green color pixels, and the average luminance of the
red color light emitted by the second blue color pixels; and
reducing 1) the luminance of the blue color light emitted by
the first blue color pixels to be substantially the same as the
blue target luminance, ii) the luminance of the green color
light emitted by the first green color pixels to be substantially
the same as the green target luminance, and iii) the luminance
of the red color light emitted by the first red color pixels to be
substantially the same as the red target luminance, wherein an
amount of reduction in luminance of the blue color light
emitted by the first blue color pixels is determined to be
greater than an amount of reduction in luminance of the green
color light emitted by the first green color pixels and an
amount of reduction in luminance of the red color light emit-
ted by the first red color pixels, and wherein the amount of
reduction in the luminance of the green color light emitted by
the first green color pixels is determined to be greater than the
amount of reduction in the luminance of the red color light
emitted by the first red color pixels.

[0044] In example embodiments, the amount of reduction
in the luminance of the blue color light emitted by the first
blue color pixels increases as a degree of degradation of the
first blue color pixels increases, wherein the amount of reduc-
tion in the luminance of the first green color pixels increases
as a degree of degradation of the first green color pixels
increases, and wherein the amount of reduction in the lumi-
nance of the first red color pixels increases as a degree of
degradation of the first red color pixels increases.

[0045] Therefore, an OLED display according to at least
one example embodiment can efficiently reflect pixel charac-
teristics related to a lifetime of a display panel by preferen-
tially reducing luminance of light (e.g., blue color light) that
is output from a pixel that is vulnerable to degradation (e.g,,
blue color pixel) and by additionally adjusting an amount of
luminance reduction of light based on degradation informa-
tion of respective pixels when the OLED display reduces
luminance of a logo region of an image displayed on the
display panel to alleviate a permanent afterimage due to a
luminance difference or a color difference between the logo
region of the image and a non-logo region of the image.
[0046] In addition, according to at least one embodiment, a
method of adjusting luminance of a logo region of an image
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for an OLED display can efficiently reflect pixel characteris-
tics related to a lifetime of a display panel included in the
OLED display by preferentially reducing luminance of light
(e.g., blue color light) that is output from a pixel that is
vulnerable to degradation (e.g., blue color pixel) and by addi-
tionally adjusting an amount of luminance reduction of light
based on degradation information of respective pixels.

BRIEF DESCRIPTION OF THE DRAWINGS

[0047] Tllustrative, non-limiting example embodiments
will be more clearly understood from the following detailed
description taken in conjunction with the accompanying
drawings.

[0048] FIG. 1 is a block diagram illustrating an OLED
display according to example embodiments.

[0049] FIG. 2 is a block diagram illustrating an example of
a display driving integrated circuit included in the OLED
display of FIG. 1.

[0050] FIG. 3 is a block diagram illustrating another
example of a display driving integrated circuit included in the
OLED display of FIG. 1.

[0051] FIG. 4 is a diagram illustrating an image that is
displayed on a display panel included in the OLED display of
FIG. 1.

[0052] FIG.5is a flowchart illustrating a method of adjust-
ing luminance of a logo region of an image for an OLED
display according to example embodiments.

[0053] FIG. 6is a diagram illustrating an example in which
target luminance for respective pixels located in a logo region
of an image is determined by the method of FIG. 5.

[0054] FIG.7isa graphillustrating a lifetime characteristic
of respective pixels included in an OLED display employing
the method of FIG. 5.

[0055] FIG. 8is a flowchart illustrating a method of adjust-
ing luminance of a logo region of an image for an OLED
display according to example embodiments.

[0056] FIG. 9 is a flowchart illustrating an example in
which the method of FIG. 8 adjusts luminance of a logo
region of an image by reflecting degradation information of
respective pixels.

[0057] FIG. 10 is a diagram illustrating an example in
which target luminance for respective pixels located in a logo
region of an image is determined by the method of FI1G. 8.
[0058] FIG. 11 is a block diagram illustrating an electronic
device according to example embodiments.

[0059] FIG. 12 is a diagram illustrating an example in
which the electronic device of FIG. 11 is implemented as a
television.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

[0060] Generally, when an image displayed on a display
panel includes a logo included in a logo region, the logo
region has a relatively high gray-scale (e.g., implements a
relatively high luminance) compared to a non-logo region of
the image. Thus, the logo region of the image may cause
increased pixel degradation when compared to the non-logo
region of the image. As a result, the difference between the
pixel degradation in the logo region and the pixel degradation
in the non-logo region of the image increases with the length
of time that the logo region is displayed. Thus, a permanent
afterimage may be formed due to a luminance or color dif-
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ference between the logo region and the non-logo region of
the image. This permanent afterimage is observable by a
viewer.

[0061] To prevent a permanent afterimage from forming,
the standard OLED display reduces the luminance of the logo
region based on the average luminance of a region that sur-
rounds the logo region. However, this technique may not
properly take into account the differing effects on the lifetime
of applying current to different color pixels.

[0062] Hereinafter, the described technology will be
explained in detail with reference to the accompanying draw-
ings.

[0063] FIG. 1 is a block diagram illustrating an OLED
display according to example embodiments. Depending on
embodiments, certain elements may be removed from or
additional elements may be added to the OLED display 100
illustrated in FIG. 1. Furthermore, two or more elements may
be combined into a single element, or a single element may be
realized as multiple elements. This applies to the remaining
apparatus embodiments. FIG. 2 is a block diagram illustrating
an example of a display driving integrated circuit included in
the OLED display of FIG. 1. FIG. 3 is a block diagram
illustrating another example of a display driving integrated
circuit included in the OLED display of FIG. 1. FIG. 4 is a
diagram illustrating an image that is displayed on a display
panel included in the OLED display of FIG. 1.

[0064] Referring to FIGS. 1 through 4, the OLED display
100 includes a display panel 120 that displays an image and a
display driving integrated circuit or display driver 140 that
drives the display panel 120. In addition, as illustrated in
FIGS. 2 and 3, the display driving integrated circuit 140
includes a timing controller 141, a scan driver 142, a data
driver 143, and a logo controller 144. Furthermore, the dis-
play driving integrated circuit 140 may include a memory
device 145. In some example embodiments, the OLED dis-
play 100 further include other components (e.g., a power
supply that provides a high power voltage ELVDD and a low
power voltage ELVSS to the display panel 120, etc.).

[0065] The display panel 120 includes a plurality of pixels.
The display panel 120 is connected to the scan driver 142 of
the display driving integrated circuit 140 via first through
(n)th scan-lines, where n is an integer greater than or equal to
2. The display panel 120 is connected to the data driver 143 of
the display driving integrated circuit 140 via first through
(m)th data-lines, where m is an integer greater than or equal to
2. Here, since the pixels are arranged at locations correspond-
ing to the intersections between the first through (n)th scan-
lines and the first through (m)th data-lines, the display panel
120 includes nxm pixels.

[0066] The display panel 120 may include a red color pixel
that outputs red color light, a green color pixel that outputs
green color light, and a blue color pixel that outputs blue color
light. The display panel 120 can display an image based on the
red, green, and blue color light output from the red, green, and
blue color pixels. In some embodiments, the display panel
120 further includes a white color pixel that outputs white
color light. Inthese embodiments, one of each of the red, blue,
green and white color pixels (or sub-pixels) can form a single
pixel that can emit light having a color that is a combination
of the colors of light emitted from each of the sub-pixels.
[0067] Inexampleembodiments, asillustrated in FIG. 4, an
image including a logo region LG is displayed on the display
panel 120. Generally, the logo region LG of the image is
continuously displayed at a specific location within the image
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for a relatively long period of time. For example, the logo
region LG of the image may include a subtitle, a character
string, a figure, etc. For example, the logo region LG of the
image may indicate the source of the image (e.g., CNN, KBS,
MBC, etc.). In addition, a non-logo region LGG and NLG of
the image may include a logo surrounding region LGG of the
image that surrounds the logo region LG of the image. Here,
the logo surrounding region LGG of the image may be deter-
mined in various ways according to requirements for reduc-
ing luminance of the logo region LG of the image.

[0068] Duetothe nature of the logo region LG ofthe image,
the logo region LG of the image may overwhelm (e.g., have a
substantially greater gray-level than) the non-logo region
LGG and NLG of the image to be effectively observed or
perceived by a viewer. Thus, the logo region LG of the image
can have a relatively high gray-scale (i.e., implements rela-
tively high luminance) compared to the non-logo region LGG
and NLG ofthe image, so that the logo region LG of the image
may cause pixel degradation faster than the non-logo region
LGG and NLG of the image. As a result, the difference
between the pixel degradation due to the logo region LG of
the image and the pixel degradation due to the non-logo
region LGG and NLG of the image increases as the OLED
display 100 displays the logo region LG. Thus, a permanent
afterimage caused due to a luminance difference or a color
difference between the logo region LG of the image and the
non-logo region LGG and NLG of the image may be observed
by the viewer as the OLED display 100 displays the logo
region LG. To overcome this problem, the display driving
integrated circuit 140 can slow or alleviate the degradation of
pixels located in the logo region LG of the image by reducing
the luminance of the logo region LG of the image. Thus, the
lifetime of the display panel 120 can be improved.

[0069] Inanexampleembodiment, the display driving inte-
grated circuit 140 can reduce the luminance of the logo region
LG of the image by reducing the luminance of the blue color
light output from the blue color pixels located in the logo
region LG of the image. Specifically, the display driving
integrated circuit 140 can determine the logo surrounding
region LGG of the image that surrounds the logo region LG of
the image by detecting the logo region LG of the image and
calculate the average luminance of the blue color light of the
logo surrounding region LGG of the image. The display driv-
ing integrated circuit 140 can further determine a target lumi-
nance ofthe blue color light for reducing the luminance of the
logo region LG of the image based on the average luminance
of the blue color light of the logo surrounding region LGG of
the image and reduce the luminance of the blue color light of
the logo region LG of the image to be substantially the same
as the target luminance of the blue color light.

[0070] Generally, in an OLED display, blue color pixels are
required to control a relatively large amount of current to flow
through the OLED to implement a specific luminance com-
pared to red and green color pixels. Thus, under substantially
the same conditions, the OLED included in a blue color pixel
may be degraded faster than the OLEDs included in red or
green color pixels. As a result, the lifetime of the blue color
pixels may be shorter than the lifetimes of the red and green
color pixels. For this reason, in order to increase the lifetime
of the display panel 120, the display driving integrated circuit
140 can preferentially reduce the luminance of the blue color
light output from the blue color pixels, that are vulnerable to
degradation, when the display driving integrated circuit 140
reduces the luminance of the logo region LG of the image.
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[0071] Thecolor ofthe logo region LG of the image may be
changed as the luminance of the blue color light is reduced.
However, since the luminance of the logo region LG of the
image is changed (i.e., reduced) to be closer to the luminance
of the logo surrounding region LGG of the image, the viewer
cannot easily observe or perceive a color change in the logo
region LG of the image. In some example embodiments, the
display driving integrated circuit 140 can adjust the amount of
reduction in luminance of the blue color light based on deg-
radation information of the blue color pixels located in the
logo region LG of the image. Specifically, the display driving
integrated circuit 140 can increase the amount of reduction in
the luminance of the blue color light as the degree of degra-
dation of the blue color pixels located in the logo region LG of
the image increases. In other words, the display driving inte-
grated circuit 140 can slow the degradation of the blue color
pixels by increasing the amount of reduction in the luminance
of the blue color light when the degree of degradation of the
blue color pixel is relatively high.

[0072] Inanotherexample embodiment, the display driving
integrated circuit 140 can reduce the luminance of the logo
region LG of the image by reducing the luminance of the blue
color light output from the blue color pixels located in the
logo region LG of the image and the luminance of the green
color light output from the green color pixel located in the
logo region LG of the image. Specifically, the display driving
integrated circuit 140 can determine the logo surrounding
region LGG ofthe image that surrounds the logo region LG of
the image by detecting the logo region LG of the image and
calculate the average luminance of the blue color light of the
logo surrounding region LGG of the image and the average
luminance of the green color light of the logo surrounding
region LGG of the image. The display driving integrated
circuit 140 can also determine a target luminance of the blue
color light and a target luminance of the green color light for
reducing the luminance of the logo region LG of the image
based on the average luminance of the blue color light of the
logo surrounding region LGG of the image and the average
luminance of the green color light of the logo surrounding
region LGG of the image and reduce the luminance of the
blue color light of the logo region LG of the image to be
substantially the same as the target luminance of the blue
color light and the luminance of the green color light of the
logo region LG of the image to be substantially the same as
the target luminance of the green color light.

[0073] Inorder to lengthen the lifetime of the display panel
120, the display driving integrated circuit 140 can preferen-
tially reduce the luminance of the blue color light output from
the blue color pixels, that are vulnerable to degradation, when
the display driving integrated circuit 140 reduces the lumi-
nance of the logo region LG of the image. That is, since the
OLED:s included in the blue color pixels are degraded faster
than the OLEDs included in the green color pixels under
substantially the same conditions (i.e., since the lifetime of
blue color pixels is shorter than the lifetime of green color
pixels), the display driving integrated circuit 140 can control
the amount of reduction in the luminance of the blue color
light output from the blue color pixels located in the logo
region LG of the image to be greater than the amount of
reduction in the luminance of the green color light output
from the green color pixels located in the logo region LG of
the image.

[0074] Here, the color of the logo region LG of the image
may be changed as the luminance of the blue color light and
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the luminance of the green color light are reduced. However,
since the luminance of the logo region LG of the image is
changed (e.g., reduced) to be closer to the luminance of the
logo surrounding region LGG of the image, the viewer cannot
easily observe the color change of the logo region LG of the
image. In some example embodiments, the display driving
integrated circuit 140 can adjust the amount of reduction in
the luminance of the blue color light based on the degradation
information of the blue color pixels located in the logo region
LG of the image and can adjust the amount of reduction in the
luminance of the green color light based on the degradation
information of the green color pixels located in the logo
region LG of the image.

[0075] Specifically, the display driving integrated circuit
140 can increase the amount of reduction in the luminance of
the blue color light as the degree of degradation of the blue
color pixels located in the logo region LG of the image
increases and increase an amount of reduction in the lumi-
nance of the green color light as the degree of degradation of
the green color pixels located in the logo region LG of the
image increases. In other words, the display driving inte-
grated circuit 140 can slow the degradation of the blue color
pixels by increasing the amount of reduction in the luminance
of the blue color light when the degree of degradation of the
blue color pixel is relatively high and can slow the degrada-
tion of the green color pixels by increasing the amount of
reduction in the luminance of the green color light when the
degree of degradation of the green color pixels is relatively
high.

[0076] In still another example embodiment, the display
driving integrated circuit 140 can reduce the luminance of the
logo region LG of the image by reducing the luminance of the
blue color light output from the blue color pixels located in
the logo region LG of the image and the luminance of the red
color light output from the red color pixels located in the logo
region LG of the image. Specifically, the display driving
integrated circuit 140 can determine the logo surrounding
region LGG of the image that surrounds the logo region LG of
the image by detecting the logo region LG of the image and
calculate the average luminance of the blue color light of the
logo surrounding region LGG of the image and the average
luminance of the red color light of the logo surrounding
region LGG of the image. The display driving integrated
circuit 140 can also determine a target luminance of the blue
color light and a target luminance of the red color light for
reducing the luminance of the logo region LG of the image
based on the average luminance of the blue color light of the
logo surrounding region LGG of the image and the average
luminance of the red color light of the logo surrounding
region LGG of the image and reduce the luminance of the
blue color light of the logo region LG of the image to be
substantially the same as the target luminance of the blue
color light and the luminance of the red color light of the logo
region LG of the image to be substantially the same as the
target luminance of the red color light.

[0077] Inorder to lengthen the lifetime of the display panel
120, the display driving integrated circuit 140 can preferen-
tially reduce the luminance of the blue color light output from
the blue color pixels, that are vulnerable to degradation, when
the display driving integrated circuit 140 reduces the lumi-
nance of the logo region LG of the image. That is, since the
OLED:s included in the blue color pixels are degraded faster
than the OLEDs included in the red color pixels under sub-
stantially the same conditions (i.e., since the lifetime of the
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blue color pixels is shorter than the lifetime of the red color
pixels), the display driving integrated circuit 140 can control
the amount of reduction in the luminance of the blue color
light output from the blue color pixels located in the logo
region LG of the image to be greater than the amount of
reduction in the luminance of the red color light output from
the red color pixels located in the logo region LG of the
image.

[0078] Thecolor ofthe logo region LG of the image may be
changed as the luminance of the blue color light and the
luminance of the red color light are reduced. However, since
the luminance of the logo region LG of the image is changed
(e.g., reduced) to be closer to the luminance of the logo
surrounding region LGG of the image, the viewer cannot
easily observe the color change of the logo region LG of the
image. In some example embodiments, the display driving
integrated circuit 140 can adjust the amount of reduction in
the luminance of the blue color light based on the degradation
information of the blue color pixels located in the logo region
LG of the image and adjust the amount of reduction in the
luminance of the red color light based on the degradation
information of the red color pixels located in the logo region
LG of the image.

[0079] Specifically, the display driving integrated circuit
140 can increase the amount of reduction in the luminance of
the blue color light as the degree of degradation of the blue
color pixels located in the logo region LG of the image
increases and increase the amount of reduction in the lumi-
nance of the red color light as the degree of degradation of the
red color pixels located in the logo region LG of the image
increases. In other words, the display driving integrated cir-
cuit 140 can slow the degradation of the blue color pixel by
increasing an amount of reduction in the luminance of the
blue color light when the degree of degradation of the blue
color pixels is relatively high and slow the degradation of the
red color pixel by increasing an amount of reduction in the
luminance of the red color light when the degree of degrada-
tion of the red color pixel is relatively high.

[0080] In still another example embodiment, the display
driving integrated circuit 140 can reduce the luminance of the
logo region LG of the image by reducing the luminance of the
blue color light output from the blue color pixels located in
the logo region LG of the image, the luminance of the green
color light output from the green color pixels located in the
logo region LG of the image, and the luminance of the red
color light output from the red color pixels located in the logo
region LG of the image. Specifically, the display driving
integrated circuit 140 can determine the logo surrounding
region LGG of the image that surrounds the logo region LG of
the image by detecting the logo region LG of the image and
calculate the average luminance of the blue color light of the
logo surrounding region LGG of the image, the average lumi-
nance of the green color light of the logo surrounding region
LGG of the image, and the average luminance of the red color
light of the logo surrounding region LGG of the image. The
display driving integrated circuit 140 can also determine a
target luminance of the blue color light, a target luminance of
the green color light, and a target luminance of the red color
light for reducing the luminance of the logo region LG of the
image based on the average luminance of the blue color light
of the logo surrounding region LGG of the image, the average
luminance of the green color light of the logo surrounding
region LGG of the image, and the average luminance of the
red color light of the logo surrounding region LGG of the
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image. The display driving integrated circuit 140 can further
reduce the luminance of the blue color light of the logo region
LG of the image to be substantially the same as the target
luminance of the blue color light, the luminance of the green
color light of the logo region LG of the image to be substan-
tially the same as the target luminance of the green color light,
and the luminance of the red color light of the logo region LG
of the image to be substantially the same as the target lumi-
nance of the red color light.

[0081] Inorder to lengthen the lifetime of the display panel
120, the display driving integrated circuit 140 can preferen-
tially reduce the luminance of the blue color light output from
the blue color pixels, that are vulnerable to degradation, when
the display driving integrated circuit 140 reduces the lumi-
nance of the logo region LG of the image. That is, since the
OLED:s included in the blue color pixels are degraded faster
than the OLEDs included in the green and red color pixels,
under substantially the same conditions (i.e., since the life-
time of the blue color pixels is shorter than the lifetime of the
green and red color pixels), the display driving integrated
circuit 140 can control an amount of reduction in the lumi-
nance of the blue color light output from the blue color pixels
located in the logo region LG of the image to be greater than
an amount of reduction in the luminance of the green color
light output from the green color pixel located in the logo
region LG of the image and an amount of reduction in the
luminance of the red color light output from the red color
pixel located in the logo region LG of the image.

[0082] In addition, since the OLEDs included in the green
color pixels are degraded faster than the OLEDs included in
the red color pixels under substantially the same conditions
(i.e., since the lifetime of the green color pixels is shorter than
the lifetime of the red color pixels), the display driving inte-
grated circuit 140 can control an amount of reduction in the
luminance ofthe green color light output from the green color
pixels located in the logo region LG of the image to be greater
than an amount of reduction in the luminance of the red color
light output from the red color pixels located in the logo
region LG of the image.

[0083] Here, the color of the logo region LG of the image
may be changed as the luminance of the blue color light, the
luminance of the green color light, and the luminance of the
red color light are reduced. However, since the luminance of
the logo region LG of the image is changed (e.g., reduced) to
be closer to the luminance of the logo surrounding region
LGG ofthe image, the viewer cannot easily observe the color
change of the logo region LG of the image. In some example
embodiments, the display driving integrated circuit 140 can
adjust an amount of reduction in the luminance of the blue
color light based on the degradation information of the blue
color pixels located in the logo region LG of the image, adjust
an amount of reduction in the luminance of the green color
light based on the degradation information of the green color
pixels located in the logo region LG of the image, and adjust
an amount of reduction in the luminance of the red color light
based on the degradation information of the red color pixels
located in the logo region LG of the image.

[0084] Specifically, the display driving integrated circuit
140 can increase an amount of reduction in the luminance of
the blue color light as the degree of degradation of the blue
color pixel located in the logo region LG of the image
increases, increase an amount of reduction in the luminance
of the green color light as the degree of degradation of the
green color pixels located in the logo region LG of the image
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increases, and increase an amount of reduction in the lumi-
nance of the red color light as the degree of degradation of the
red color pixels located in the logo region LG of the image
increases. In other words, the display driving integrated cir-
cuit 140 can slow the degradation of the blue color pixels by
increasing an amount of reduction in the luminance of the
blue color light when the degree of degradation of the blue
color pixels is relatively high, slow the degradation of the
green color pixels by increasing an amount of reduction in the
luminance of the green color light when the degree of degra-
dation of the green color pixels is relatively high, and slow the
degradation of thered color pixels by increasing an amount of
reduction in the luminance of the red color light when the
degree of degradation of the red color pixels is relatively high.
[0085] As described above, the display driving integrated
circuit 140 can slow or alleviate the degradation of the pixels
located in the logo region LG of the image by reducing the
luminance of the logo region LG of the image. In order to
implement this slowing or alleviation of the degradation of
the pixels, the display driving integrated circuit 140 can
include the timing controller 141, the scan driver 142, the data
driver 143, and the logo controller 144. The scan driver 142
provides a scan signal SS to the display panel 120 via the
scan-lines. The data driver 143 provides a data signal DS to
the display panel 120 via the data-lines.

[0086] The logo controller 144 can perform the above-
described operations for reducing the luminance of the logo
region LG of the image. That is, the logo controller 144 can
generate compensated image data DATA' by reducing the
luminance of the logo region LG of the image on image data
DATA received from an external source. The timing control-
ler 141 can generate control signals CTL(1) and CTL(2) and
provide the control signals CTL(1) and CTL(2) to the data
driver 143 and the scan driver 142. That is, the timing con-
troller 141 can control the data driver 143 and the scan driver
142. In addition, the timing controller 141 can control the
logo controller 144.

[0087] The timing controller 141 can interact with the logo
controller 141 to change the image data DATA to the com-
pensated image data DATA'. In an example embodiment, as
illustrated in FIG. 2, the logo controller 144 can be located
inside the timing controller 141. In another example embodi-
ment, as illustrated in FIG. 3, the logo controller 144 can be
located outside of the timing controller 141. That is, the logo
controller 144 can be implemented separately from the timing
controller 141. In some example embodiments, the display
driving integrated circuit 140 further includes the memory
device 145 (e.g., a flash memory device, an EEPROM device,
etc.) that stores the degradation information of the blue color
pixel, the degradation information of the green color pixel,
and the degradation information of the red color pixel by
accumulating the image data DATA applied to the blue color
pixel, the green color pixel, and the red color pixel included in
the display panel 120.

[0088] In other words, when the OLED display 100 oper-
ates (i.e., when the display panel 120 is turned on), the image
data DATA applied to the blue color pixel, the green color
pixel, and the red color pixel can be accumulated and stored in
the memory device 145. As described above, the degradation
information of the blue color pixel can indicate the degree of
degradation of the blue color pixel, the degradation informa-
tion of the green color pixel can indicate the degree of deg-
radation of the green color pixel, and the degradation infor-
mation of the red color pixel can indicate the degree of
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degradation of the red color pixel. Therefore, the display
driving integrated circuit 140 can adjust an amount of reduc-
tion in the luminance of the blue color light, an amount of
reduction in the luminance of the green color light, and/or an
amount of reduction in the luminance of the red color light
based on the degradation information of the blue color pixel,
the degradation information of the green color pixel, and/or
the degradation information of the red color pixel that are
stored in the memory device 145.

[0089] In brief, the OLED display 100 can efficiently
reflect pixel characteristics related to the lifetime of the dis-
play panel 120 by preferentially reducing the luminance of
the light (e.g., the blue color light) that is output from the
pixel(s) that are vulnerable to degradation (e.g., the blue color
pixel) and by additionally adjusting an amount of reduction in
the luminance of the light based on the degradation informa-
tion of respective pixels when the OLED display 100 reduces
the luminance of the logo region LG of the image displayed
onthe display panel 120 to alleviate the permanent afterimage
caused dueto the luminance difference or the color difference
between the logo region LG of the image and the non-logo
region NLG of the image.

[0090] FIG.5isa flowchart illustrating a method of adjust-
ing luminance of a logo region of an image for an OLED
display according to example embodiments. Depending on
embodiments, additional states may be added, others
removed, or the order of the states changed in the procedure of
FIG. 5. This applies to the remaining method embodiments.
FIG. 6 is a diagram illustrating an example in which target
luminance for respective pixels located in a logo region of an
imageis determined by the method of FIG. 5. FIG. 7is agraph
illustrating a lifetime characteristic of respective pixels
included in an OLED display employing the method of FIG.
5.

[0091] Referring to FIGS. 5 through 7, the method of FIG.
5 includes detecting a logo region of an image displayed on a
display panel (S110). The method also includes determining
a region of the image surrounding the logo region, also
referred to as a logo surrounding region (S120). The method
further includes calculating the average luminance AR of red
color light of the logo surrounding region of the image, the
average luminance AG of green color light of the logo sur-
rounding region of the image, and the average luminance AB
of blue color light of the logo surrounding region of the image
(8130). Subsequently, the method of FIG. 5 includes deter-
mining a target luminance TR of the red color light, a target
luminance TG of the green color light, and a target luminance
TB of the blue color light for reducing the luminance of the
logo region of the image based on the average luminance AR
of the red color light of the logo surrounding region, the
average luminance AG of the green color light of the logo
surrounding region, and the average luminance AB of the blue
color light of the logo surrounding region (S140). Next, the
method of FIG. 5 includes reducing the luminance of the red
color light of the logo region of the image to be substantially
the same as the target luminance TR of the red color light, the
luminance of the green color light of the logo region of the
image to be substantially the same as the target luminance TG
of the green color light, and the luminance of the blue color
light of the logo region of the image to be substantially the
same as the target luminance TB of the blue color light
(S150).

[0092] Asillustrated in FIG. 7, under substantially the same
conditions, the OLEDs included in the blue color pixels B are
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degraded faster than the OLEDs included in the red color
pixels R and the OLED:s included in the green color pixels G.
Similarly, the OLEDs included in the green color pixels G are
degraded faster than the OLEDs included in the red color
pixels R. Thus, thelifetime of the blue color pixels B is shorter
than the lifetime of the red color pixels R and the lifetime of
the green color pixels G. The lifetime of the green color pixels
G is shorter than the lifetime of the red color pixels R. For this
reason, as illustrated in FIG. 6, the method of FIG. 5 can
control an amount of reduction in the luminance of the blue
color light output from the blue color pixels B located in the
logo region of the image to be greater than an amount of
reduction in the luminance of the green color light output
from the green color pixels G located in the logo region of the
image and an amount of reduction in the luminance of the red
color light output from the red color pixels R located in the
logo region of the image. The method of FIG. § can also
control an amount of reduction in the luminance of the green
color light output from the green color pixels G located in the
logo region of the image to be greater than an amount of
reduction in the luminance of the red color light output from
the red color pixels R located in the logo region of the image.

[0093] Here, an amount of reduction in the luminance of the
blue color light, an amount of reduction in the luminance of
the green color light, and an amount of reduction in the
luminance of the red color light are not absolute but are
relative. In other words, an amount of reduction in the lumi-
nance of the blue color light, an amount of reduction in the
luminance of the green color light, and an amount of reduc-
tion in the luminance of the red color light may differ from
each other as long as a color change of the logo region of the
image is within a predetermined range (e.g., minimized).

[0094] For example, for the red color pixel R, since a dif-
ference CWR between the target luminance TR of the red
color light of the logo region of the image and the average
luminance AR of the red color light of the logo surrounding
region of the image is relatively large, an amount of reduction
in the luminance of the red color light may be relatively small
(i.e., indicated as a luminance reduction range DRR) when
the luminance of the red color light of the logo region of the
image is reduced to be substantially the same as the target
luminance TR of the red color light. In addition, for the green
color pixel G, since a difference CWG between the target
luminance TG of'the green color light of the logo region of the
image and the average luminance AG of the green color light
of the logo surrounding region of the image is less than the
difference CWR between the target luminance TR of the red
color light of the logo region of the image and the average
luminance AR of the red color light of the logo surrounding
region of the image, an amount of reduction in the luminance
of the green color light may be greater than an amount of
reduction in the luminance of the red color light (i.e., indi-
cated as a luminance reduction range DRG). Furthermore, for
the blue color pixel B, since a difference CWB between the
target luminance TB of the blue color light of the logo region
of the image and the average luminance AB of the blue color
light of the logo surrounding region of the image is relatively
small, an amount of reduction in the luminance of the blue
color light may be relatively large (i.e., indicated as a lumi-
nance reduction range DRB) when the luminance of the blue
color light of the logo region of the image is reduced to be
substantially the same as the target luminance TB of the blue
color light.
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[0095] Although it is illustrated in FIG. 6 that the target
luminance TR of the red color light, the target luminance TG
of the green color light, and the target luminance TB of the
blue color light are determined to be respectively greater than
the average luminance AR of the red color light, the average
luminance AG of the green color light, and the average lumi-
nance AB of the blue color light, the determination of the
target luminance TR, TG, and TB is not limited thereto. For
example, the target luminance TR of the red color light, the
target luminance TG of the green color light, and the target
luminance TB of'the blue color light may be determined to be
respectively less than the average luminance AR of the red
color light, the average luminance AG ofthe green color light,
and the average luminance AB of the blue color light. In this
embodiment, it should be understood that an amount of
reduction in the luminance of the light increases as a differ-
ence CWR, CWG, and CWB between the target luminance
TR, TG, and TB of the logo region of the image and the
average luminance AR, AG, and AB of the logo surrounding
region of the image increases.

[0096] In brief, the method of FIG. 5 can efficiently reflect
pixel characteristics related to the lifetime of the display panel
by preferentially reducing the luminance of the light (e.g., the
blue color light) that is output from the pixels that are vulner-
able to degradation (e.g., the blue color pixel) when the
method of FIG. 5 reduces the luminance of the logo region of
the image displayed on the display panel to alleviate the
permanent afterimage due to the luminance difference or the
color difference between the logo region of the image and the
non-logo region of the image.

[0097] FIG. 8isa flowchart illustrating a method of adjust-
ing luminance of a logo region of an image for an OLED
display according to example embodiments. FIG. 9 is a flow-
chart illustrating an example in which the method of FIG. 8
adjusts luminance of a logo region of an image by reflecting
degradation information of respective pixels. FIG. 10 is a
diagram illustrating an example in which target luminance for
respective pixels located in a logo region of an image is
determined by the method of FIG. 8.

[0098] Referring to FIGS. 8 through 10, the method of FIG.
8 includes detecting a logo region of an image displayed on a
display panel (S210) and determining a logo surrounding
region of the image that surrounds the logo region of the
image (S220). The method also includes calculating an aver-
age luminance AR of red color light of the logo surrounding
region of the image, an average luminance AG of green color
light of the logo surrounding region of the image, and an
average luminance AB of blue color light of the logo sur-
rounding region of the image (5230). The method further
includes analyzing a degree of degradation or an amount of
degradation of a red color pixel located in the logo region of
the image, a degree of degradation of a green color pixel
located in the logo region of the image, and a degree of
degradation of a blue color pixel located in the logo region of
the image (S240). Subsequently, the method of FIG. 8
includes determining a target luminance TR of the red color
light, a target luminance TG of the green color light, and a
target luminance TB of the blue color light for reducing the
luminance of the logo region of the image based on the
average luminance AR of the red color light of the logo
surrounding region of the image, the average luminance AG
of the green color light of the logo surrounding region of the
image, the average luminance AB ofthe blue color light of the
logo surrounding region of the image, the degree of degrada-

Jul. 28, 2016

tion of the red color pixel located in the logo region of the
image, the degree of degradation of the green color pixel
located in the logo region of the image, and the degree of
degradation of the blue color pixel located in the logo region
of the image (S250).

[0099] Next, the method of FIG. 8 includes reducing the
luminance of the red color light of the logo region of the
image to be substantially the same as the target luminance TR
of the red color light, the luminance of the green color light of
the logo region of the image to be substantially the same as the
target luminance TG of the green color light, and the lumi-
nance of the blue color light of the logo region of the image to
be substantially the same as the target luminance TB of the
blue color light (S260). In some example embodiments, the
method of FIG. 8 includes adjusts luminance ofa logo region
of an image by reflecting degradation information of respec-
tive pixels as shown in F1G. 9.

[0100] Themethod of FIG. 9 includes analyzing the degree
of degradation of the red color pixel located in the logo region
of the image, the degree of degradation of the green color
pixel located in the logo region of the image, and the degree
of degradation of the blue color pixel located in the logo
region of the image (S310) and determining whether a degree
of degradation of a specific color pixel (e.g., a blue color
pixel) is greater than those of other color pixels in the logo
region of the image (8320). Here, when the degree of degra-
dation of the specific color pixel is greater than those of other
color pixels in the logo region of the image, the method of
FIG. 8 includes adjusting an amount of reduction in lumi-
nance of the specific color pixel in the logo region of the
image (S330). On the other hand, when the degree of degra-
dation of the specific color pixel is not greater than those of
other color pixels in the logo region of the image, the method
of FIG. 8 does not adjust an amount of reduction in the
luminance of the specific color pixel in the logo region of the
image. In this way, the method of FIG. 8 can further adjust the
luminance of the logo region of the image by reflecting the
degradation information of respective pixels located in the
logo region of the image.

[0101] As described above, under substantially the same
conditions, the OLEDs included in the blue color pixels may
be degraded faster than the OLEDs included in the red and
green color pixels. In addition, under substantially the same
conditions, the OLEDs included in the green color pixels may
be degraded faster than the OLEDs included in the red color
pixels. Thus, the lifetime of the blue color pixels may be
shorter than the lifetime of the green and red color pixels and
the lifetime of the green color pixels may be shorter than the
lifetime of the red color pixels.

[0102] For this reason, the method of FIG. 8 can control an
amount of reduction in the luminance of the blue color light
output from the blue color pixels located in the logo region of
the image to be greater than an amount of reduction in the
luminance of the green color light output from the green color
pixels located in the logo region of the image and an amount
of reduction in the luminance of the red color light output
from the red color pixel located in the logo region of the
image. In addition, the method of FIG. 8 can control an
amount of reduction in the luminance of the green color light
output from the green color pixels located in the logo region
of the image to be greater than an amount of reduction in the
luminance of the red color light output from the red color
pixels located in the logo region of the image.
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[0103] Here, an amount of reduction in the luminance of the
blue color light, an amount of reduction in the luminance of
the green color light, and an amount of reduction in the
luminance of the red color light are not absolute but are
relative. In other words, an amount of reduction in the lumi-
nance of the blue color light, an amount of reduction in the
luminance of the green color light, and an amount of reduc-
tion in the luminance of the red color light may differ from
each other as long as a color change of the logo region of the
image is within a predetermined range (e.g., minimized).
[0104] For example, for the red color pixel, since a differ-
ence CWR between the target luminance TR of the red color
light of the logo region of the image and the average lumi-
nance AR of the red color light of the logo surrounding region
of the image is relatively large, an amount of reduction in the
luminance of'the red color light may be relatively small when
the luminance of the red color light of the logo region of the
image is reduced to be substantially the same as the target
luminance TR of the red color light. In addition, for the green
color pixel, since a difference CWG between the target lumi-
nance TG of the green color light of the logo region of the
image and the average luminance AG of the green color light
of the logo surrounding region of the image is less than the
difference CWR between the target luminance TR of the red
color light of the logo region of the image and the average
luminance AR of the red color light of the logo surrounding
region of the image, an amount of reduction in the luminance
of the green color light may be greater than an amount of
reduction in the luminance of the red color light. Further-
more, for the blue color pixel, since a difference CWB
between the target luminance TB of the blue color light of the
logo region of the image and the average luminance AB of the
blue color light of the logo surrounding region of the image is
relatively small, an amount of reduction in the luminance of
the blue color light may be relatively large when the lumi-
nance of the blue color light of the logo region of the image is
reduced to be substantially the same as the target luminance
TB of the blue color light.

[0105] Here, as illustrated in FIG. 10, when the degree of
degradation of the red color pixel is relatively high in the logo
region of the image, the method of FIG. 8 can increase an
amount of reduction in the luminance of the red color pixel
located in the logo region of the image because slowing the
degradation of the red color pixel is required. As a result, the
difference CWR between the target luminance TR of the red
color light of the logo region of the image and the average
luminance AR of the red color light of the logo surrounding
region of the image may be reduced (indicated as an adjusted
difference MCWR). That is, the target luminance TR of the
red color light can be changed to an adjusted target luminance
MTR.

[0106] Although it is illustrated in FIG. 10 that the target
luminance TR of the red color light, the target luminance TG
of the green color light, and the target luminance TB of the
blue color light are determined to be respectively greater than
the average luminance AR of the red color light, the average
luminance AG of the green color light, and the average lumi-
nance AB of the blue color light, the determination of the
target luminance TR, TG, and TB is not limited thereto. For
example, the target luminance TR of the red color light, the
target luminance TG of the green color light, and the target
luminance TB of the blue color light can be determined to be
respectively less than the average luminance AR of the red
color light, the average luminance AG of the green color light,
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and the average luminance AB of the blue color light. In this
embodiment, it should be understood that an amount of
reduction in the luminance of the light increases as a differ-
ence CWR, CWG, and CWB between the target luminance
TR, TG, and TB of the logo region of the image and the
average luminance AR, AG, and AB of the logo surrounding
region of the image increases.

[0107] Inbrief, the method of FIG. 8 can efficiently reflect
pixel characteristics related to the lifetime of the display panel
by preferentially reducing the luminance of the light (e.g., the
blue color light) that is output from the pixel thatis vulnerable
to degradation (e.g., the blue color pixel) and by additionally
adjusting an amount of reduction in the luminance of the light
based on the degradation information of respective pixels
when the method of F1G. 8 reduces the luminance of the logo
region of the image displayed on the display panel to alleviate
a permanent afterimage due to a luminance difference or a
color difference between the logo region of the image and the
non-logo region of the image.

[0108] FIG. 11 is a block diagram illustrating an electronic
device according to example embodiments. FIG. 12 is a dia-
gram illustrating an example in which the electronic device of
FIG. 11 is implemented as a television.

[0109] Referring to FIGS. 11 and 12, the electronic device
500 includes a processor 510, a memory device 520, a storage
device 530, an input/output (I/O) device 540, a power supply
550, and a display device 560 which can be embodied as an
OLED display. Here, the OLED display 560 may correspond
to the OLED display 100 of FIG. 1. In addition, the electronic
device 500 can further include a plurality of ports for com-
municating with a video card, a sound card, a memory card, a
universal serial bus (USB) device, other electronic devices,
etc. In an example embodiment, as illustrated in FIG. 12, the
electronic device 500 can be implemented as a television.
However, the electronic device 500 is not limited thereto. For
example, the electronic device 500 can be implemented as a
cellular phone, a smart phone, a video phone, a smart pad, a
tablet computer, a car navigation system, a computer monitor,
a laptop, a head mounted display (HMD), etc.

[0110] The processor 510 can perform various computing
functions. The processor 510 may be a microprocessor, a
central processing unit (CPU), an application processor (AP),
etc. The processor 510 can be connected to other components
via an address bus, a control bus, a data bus, etc. Further, the
processor 510 can be connected to an extended bus such as a
peripheral component interconnection (PCI) bus. The
memory device 520 can store data for operating the electronic
device 500. For example, the memory device 520 can include
at least one non-volatile memory device such as an erasable
programmable read-only memory (EPROM) device, an elec-
trically erasable programmable read-only memory (EE-
PROM) device, a flash memory device, a phase change ran-
dom access memory (PRAM) device, a resistance random
access memory (RRAM) device, a nano-floating gate
memory (NFGM) device, a polymer random access memory
(PoRAM) device, a magnetic random access memory
(MRAM) device, a ferroelectric random access memory
(FRAM) device, etc., and/or at least one volatile memory
device such as a dynamic random access memory (DRAM)
device, a static random access memory (SRAM) device, a
mobile DRAM device, etc. The storage device 530 can be a
solid state drive (SSD) device, a hard disk drive (HDD)
device, a CD-ROM device, ete.
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[0111] Thel/O device 540 can include an input device such
as akeyboard, akeypad, a mouse device, a touchpad, a touch-
screen, etc., and an output device such as a printer, a speaker,
etc. The power supply 550 can provide power for operations
of the electronic device 500. In some example embodiments,
the OLED display 560 can be included in the /O device 540.
The OLED display 560 can be connected to other compo-
nents via the buses or other communication links. As
described above, the OLED display 560 can efficiently reflect
pixel characteristics related to a lifetime of a display panel by
preferentially reducing the luminance oflight (e.g., blue color
light) that is output from a pixel that is vulnerable to degra-
dation (e.g., blue color pixel) and by additionally adjusting an
amount of reduction in luminance of the light based on deg-
radation information of respective pixels when the OLED
display 560 reduces the luminance of a logo region of an
image displayed on the display panel 120 to alleviate a pet-
manent afterimage caused due to a luminance difference or a
color difference between the logo region of the image and a
non-logo region of the image.

[0112] To this end, the OLED display 560 can include the
display panel that displays the image including the logo
region and a display driving integrated circuit that drives the
display panel. The display panel can include a red color pixel
that outputs red color light, a green color pixel that outputs
green color light, and a blue color pixel that outputs blue color
light. The display driving integrated circuit can reduce the
luminance of the logo region of the image by reducing the
luminance of the blue color light output from the blue color
pixel located in the logo region of the image.

[0113] Inanexampleembodiment, the display driving inte-
grated circuit can further reduce the luminance of the logo
region of the image by reducing the luminance of the green
color light output from the green color pixel located in the
logo region of the image. In another example embodiment,
the display driving integrated circuit can further reduce the
luminance of the logo region of the image by reducing the
luminance of the red color light output from the red color
pixel located in the logo region of the image. In still another
example embodiment, the display driving integrated circuit
can further reduce the luminance of the logo region of the
image by reducing the luminance of the green color light
output from the green color pixel located in the logo region of
the image and the luminance of the red color light output from
the red color pixel located in the logo region of the image.
Since these embodiments are described above, duplicated
descriptions thereof will not be repeated. Although an OLED
display is suggested as a display device to describe the
described technology, the described technology is not limited
to an OLED display. For example, the described technology
can be applied to various display devices each having differ-
ent pixel characteristics related to a lifetime of a display
panel.

[0114] The described technology can be applied to an
OLED display and an electronic device including the OLED
display. For example, the described technology can be
applied to a smart watch, a cellular phone, a smart phone, a
video phone, a smart pad, a tablet computer, a car navigation
system, a television, a computer monitor, a laptop, a head
mounted display (HMD), etc.

[0115] The foregoing is illustrative of example embodi-
ments and is not to be construed as limiting thereof. Although
a few example embodiments have been described, those
skilled in the art will readily appreciate that many modifica-
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tions are possible in the example embodiments without mate-
rially departing from the novel teachings and advantages of
the inventive technology. Accordingly, all such modifications
are intended to be included within the scope of the invention
as defined in the claims. Therefore, it is to be understood that
the foregoing is illustrative of various example embodiments
and is not to be construed as limited to the specific example
embodiments disclosed, and that modifications to the dis-
closed example embodiments, as well as other example
embodiments, are intended to be included within the scope of
the appended claims.

What is claimed is:

1. An organic light-emitting diode (OLED) display, com-
prising:

a display panel configured to display an image including a
logo region, wherein the display panel comprises a plu-
rality of red, green, and blue color pixels; and

adisplay driver configured to: 1) drive the display panel and
i) reduce the luminance of blue color light emitted from
first blue color pixels located in the logo region.

2. The display of claim 1, wherein the display driver is

further configured to:

determine a logo surrounding region that surrounds the
logo region;

calculate an average luminance of the blue color light emit-
ted from second blue color pixels located in the logo
surrounding region;

determine a target luminance of the blue color light emitted
from the first blue color pixels based on the average
luminance of the blue color light emitted from the sec-
ond blue color pixels; and

reduce the luminance of the blue color light emitted from
the first blue color pixels to be substantially the same as
the target luminance.

3. The display of claim 1, wherein the display driver is
further configured to adjust an amount of reduction in the
luminance of the blue color light emitted from the first blue
color pixels based on degradation information of the first blue
color pixels.

4. The display of claim 3, wherein the display driver is
further configured to increase the amount of reduction in the
luminance of the blue color light emitted from the first blue
color pixels as a degree of degradation of the first blue color
pixels increases.

5. The display of claim 1, wherein the display driver is
further configured to:

reduce the luminance of green color light emitted from first
green color pixels located in the logo region; and

reduce the luminance of the first blue color pixels by an
amount that is greater than an amount of reduction in the
luminance of the first green color pixels.

6. The display of claim 5, wherein the display driver is

further configured to:

determine a logo surrounding region that surrounds the
logo region;

calculate an average luminance of the blue color light emit-
ted from second blue color pixels located in the logo
surrounding region and an average luminance of the
green color light emitted from second green color pixels
located in the logo surrounding region;

determine a blue target luminance of the blue color light
emitted from the first blue color pixels and a green target
luminance of the green color light emitted from the first
green color pixels based on the average luminance of the
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blue color light emitted from the second blue color pix-
els and the average luminance of the green color light
emitted from the second green color pixels; and
reduce the luminance of the blue color light emitted from
the first blue color pixels to be substantially the same as
the blue target luminance and the luminance of the green
color light emitted from the first green color pixels to be
substantially the same as the green target luminance.
7. The display of claim 5, wherein the display driver is
further configured to:
adjust the amount of reduction in the luminance of the first
blue color pixels based on degradation information of
the first blue color pixels; and
adjust the amount of reduction in the luminance of the first
green color pixels based on degradation information of
the first green color pixels.
8. The display of claim 7, wherein the display driver is
further configured to:
increase the amount of reduction in the luminance of the
first blue color pixels as a degree of degradation of the
first blue color pixels increases; and
increase the amount of reduction in the luminance of the
first green color pixels as a degree of degradation of the
first green color pixels increases.
9. The display of claim 1, wherein the display driver is
further configured to:
reduce the luminance of red color light emitted from first
red color pixels located in the logo region; and
reduce the luminance of the first blue color pixels by an
amount that is greater than an amount of reduction in the
luminance of the first red color pixels.
10. The display of claim 9, wherein the display driver is
further configured to:
determine a logo surrounding region that surrounds the
logo region;
calculate an average luminance of the blue color light emit-
ted by second blue color pixels located in the logo sur-
rounding region and an average luminance of the red
color light emitted from second red color pixels located
in the logo surrounding region;
determine a blue target luminance of the blue color light
emitted from the first blue color pixels and a target
luminance ofthe red color light emitted from the first red
color pixels based on the average luminance of the blue
color light emitted from the first blue color pixels and the
average luminance of the red color light emitted from the
first red color pixels; and
reduce the luminance of the blue color light emitted from
the first blue color pixels to be substantially the same as
the blue target luminance and the luminance of the red
color light emitted from the first red color pixels to be
substantially the same as the red target luminance.
11. The display of claim 9, wherein the display driver is
further configured to:
adjust the amount of reduction in the luminance of the first
blue color pixels based on degradation information of
the first blue color pixels, and
adjust the amount of reduction in the luminance of the first
red color pixels based on degradation information of the
first red color pixels.
12. The display of claim 11, wherein the display driver is
further configured to:
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increase the amount of reduction in the luminance of the
first blue color pixels as a degree of degradation of the
first blue color pixels increases; and

increase the amount of reduction in the luminance of the
first red color pixels as a degree of degradation of the first
red color pixels increases.

13. The display of claim 1, wherein the display driver is

farther configured to:

reduce the luminance of green color light emitted from first
green color pixels located in the logo region and lumi-
nance of red color light emitted from first red color
pixels located in the logo region,

reduce the luminance of the first blue color pixels by an
amount that is greater than an amount of reduction in the
luminance of the first green color pixels and an amount
of reduction in the luminance of the first red color pixels,
and

reduce the luminance of the first green color pixels by an
amount that is greater than the amount of reduction in the
luminance of the first red color pixels.

14. The display of claim 13, wherein the display driver is

further configured to:

determine a logo surrounding region that surrounds the
logo region;

calculate i) an average luminance of the blue color light
emitted by second blue color pixels located in the logo
surrounding region, ii) an average luminance of the
green color light emitted by second green color pixels
located in the logo surrounding region, and iii) an aver-
age luminance of the red color light emitted by second
red color pixels located in the logo surrounding region;

determine i) a blue target luminance of the blue color light
emitted from the first blue color pixels, ii) a green target
luminance of the green color light emitted from the first
green color pixels, and iii) a red target luminance of the
red color light emitted from the first red color pixels
based on the average luminance of the blue color light
emitted from the first blue color pixels, the average
luminance of the green color light emitted from the first
blue color pixels, and the average luminance of the red
color light emitted from the first blue color pixels; and

reduce i) the luminance of the blue color light emitted from
the first blue color pixels to be substantially the same as
the blue target luminance, ii) the luminance of the green
color light emitted from the first green color pixels to be
substantially the same as the green target luminance, and
111) the luminance of the red color light emitted from the
first red color pixels to be substantially the same as the
red target luminance.

15. The display of claim 13, wherein the display driver is

farther configured to:

adjust the amount of reduction in the luminance of the first
blue color pixels based on degradation information of
the first blue color pixels;

adjust the amount of reduction in the luminance of the first
green color pixels based on degradation information of
the first green color pixels; and

adjust the amount of reduction in the luminance of the first
red color pixels based on degradation information of the
first red color pixels.

16. The display of claim 15, wherein the display driver is

further configured to:
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increase the amount of reduction in the luminance of the
first blue color pixels as a degree of degradation of the
first blue color pixels increases;

increase the amount of reduction in the luminance of the
first green color pixels as a degree of degradation of the
first green color pixels increases; and

increase the amount of reduction in the luminance of the
first red colorpixels as a degree of degradation of the first
red color pixels increases.

17. The display of claim 1, wherein the display driver

comprises:

a scan driver configured to provide a plurality of scan
signals to the display panel;

a data driver configured to provide a plurality of data sig-
nals to the display panel;

a logo controller configured to generate compensated
image data by reducing the luminance of the logo region
on initial image data; and

atiming controller configured to control the scan driver, the
data driver, and the logo controller.

18. The display of claim 17, wherein the display driver

further comprises:

a memory configured to store degradation information of
each of the first blue, green, and red color pixels.

19. A method of adjusting the luminance of a logo region of
an image for display by an organic light-emitting diode
(OLED) display, the method comprising:

detecting a logo region of the image that is displayed on the
OLED display;

determining a logo surrounding region display on the
OLED display that surrounds the logo region;

calculating 1) an average luminance of blue color light
emitted by second blue color pixels located in the logo
surrounding region, i) an average luminance of green
color light emitted by second green color pixels located
in the logo surrounding region, and iii) an average lumi-
nance of red color light emitted by second red color
pixels located in the logo surrounding region;

determining i) a blue target luminance of blue color light
emitted by first blue color pixels located in the logo
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region, ii) a green target luminance of green color light
emitted by first green color pixels located in the logo
region, and iii) a red target luminance of red color light
emitted by first red color pixels located in the logo region
based on the average luminance of the blue color light
emitted by the second blue color pixels, the average
luminance of the green color light emitted by the second
green color pixels, and the average luminance of the red
color light emitted by the second blue color pixels; and

reducing i) the luminance of the blue color light emitted by
the first blue color pixels to be substantially the same as
the blue target luminance, ii) the luminance of the green
color light emitted by the first green color pixels to be
substantially the same as the green target luminance, and
iii) the luminance of the red color light emitted by the
first red color pixels to be substantially the same as the
red target luminance,
wherein an amount of reduction in luminance of the blue
color light emitted by the first blue color pixels is deter-
mined to be greater than an amount of reduction in
luminance of the green color light emitted by the first
green color pixels and an amount of reduction in lumi-
nance of the red color light emitted by the first red color
pixels, and
wherein the amount of reduction in the luminance of the
green color light emitted by the first green color pixels is
determined to be greater than the amount of reduction in
the luminance of the red color light emitted by the first
red color pixels.
20. The method of claim 19, wherein the amount of reduc-
tion in the luminance of the blue color light emitted by the first
blue color pixels increases as a degree of degradation of the
first blue color pixels increases,
wherein the amount of reduction in the luminance of the
first green color pixels increases as a degree of degrada-
tion of the first green color pixels increases, and

wherein the amount of reduction in the luminance of the
first red color pixels increases as a degree of degradation
of the first red color pixels increases.
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