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LOADING EFFECT CONTROL DEVICE AND
ORGANIC LIGHT EMITTING DISPLAY
DEVICE HAVING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2014-0149338,
filed on Oct. 30, 2014, and entitled, “Loading Effect Control
Device and Organic Light Emitting Display Device Having
the Same,” is incorporated by reference herein in its entirety.

BACKGROUND

[0002] 1.Field

[0003] Oneormore embodiments described hereinrelate to
a loading effect control device and an organic light emitting
display device with a loading effect control device.

[0004] 2. Description of the Related Art

[0005] A variety of flat panel displays have been developed.
Examples include liquid crystal displays, field emission dis-
plays, plasma display panels, and organic light emitting dis-
plays. These displays are lighter and thinner than cathode-ray
tube displays.

[0006] OLED displays have recently been the subject of
particular attention. These displays are thin, low power con-
sumption devices that have a wide viewing angle and rapid
response speed. However, in operation, an OLED display
may experience a voltage drop that is based on resistance
associated with one or more power supply lines and a loading
effect. For example, the voltage drop may change based on
changes in the loading effect. This may have an adverse
influence on gamma voltages that are used to generate
images. As a result, display quality may be significantly
degraded.

SUMMARY

[0007] In accordance with one or more embodiments, a
loading effect control device includes a detecting line coupled
to a first power supply line in a display panel, the first power
supply line to provide a first power voltage; a detector to
measure the first power voltage in the display panel through
the detecting line, to detect an amount of a load ofthe display
panel by comparing the measured first power voltage with a
predetermined first reference voltage, and to output a first
voltage corresponding to the detected amount of the load; a
load controller to determine a control amount of the load
based on the detected load amount and a loading effect setting
and to output a second voltage corresponding to the deter-
mined control amount of the load; and a gamma reference
voltage generator to control a gamma reference voltage based
on the determined control amount of the load.

[0008] The detector may measure the first power voltage of
the first power supply line at a position in which a voltage
drop occurs. The first voltage may be based on a difference
between the first power voltage and the first reference voltage.
The predetermined first reference voltage may be based on
the first power voltage measured when a white image is dis-
plaved on the display panel.

[0009] The load controller may include a first decoder to
determine a magnitude of the control amount of the load
based on the detected load amount and the loading effect
setting; and a second decoder to determine a polarity of the
control amount of the load based on the loading effect setting.
The first decoder may generate divided voltages by dividing
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the first voltage based on a predetermined ratio, and output
one of the divided voltages as a third voltage based on the
loading effect setting. The second decoder may include an
inverter to reverse a polarity of the third voltage; and a buffer
to maintain the polarity of the third voltage. The first decoder
may be selectively coupled to the inverter or the buffer. The
gamma reference voltage generator may include an opera-
tional amplifier to add the second voltage corresponding to
the control amount of the load to a second reference voltage.

[0010] Inaccordance withone or more other embodiments,
an organic light emitting display device includes a display
panel including a plurality of pixels; a power supplier to
provide a first power voltage and a second power voltage to
the display panel; a loading effect controller to calculate a
difference between the first power voltage measured from the
display panel and a predetermined first reference voltage, the
difference corresponding to a detected amount of a load of the
display panel, determine a control amount of the load based
on the detected load amount and a loading effect setting, and
to control a gamma reference voltage based on the determined
control amount of the load; a data driver to provide a data
signal to the display panel; a scan driver to provide a scan
signal to the display panel; and a timing controller to generate
a control signal to control the data driver and the scan driver.

[0011] The loading effect controller may include a detect-
ing line coupled a first power supply line in the display panel,
the first power supply line to provide a first power voltage; a
detector to measure the first power voltage in the display
panel through the detecting line, to detect to the amount of the
load of the display panel by comparing the measured first
power voltage to with a predetermined first reference voltage,
and to output a first voltage corresponding to the detected
amount of the load; a load controller to determine the control
amount of the load based on the detected load amount and the
loading effect setting and to output a second voltage corre-
sponding to the determined control amount of the load; and a
gamma reference voltage generator to control the gamma
reference voltage based on the determined control amount of
the load.

[0012] The detector may measure the first power voltage of
the first power supply line at a position in which a voltage
drop occurs. The detector may include a comparator to output
the first voltage based on a difference between the first power
voltage and the predetermined first reference voltage. The
predetermined first reference voltage may be based on the
first power voltage measured when a white image is displayed
on the display panel.

[0013] The load controller may include a first decoder to
determine an a magnitude of the control amount of the load
based on the detected load amount and the loading effect
setting; and a second decoder to determine a polarity of the
control amount of the load based on the loading effect setting.
The first decoder may generate divided voltages by dividing
the first voltage based on a predetermined ratio, and output
one of the divided voltages as a third voltage based on the
loading effect setting. The second decoder may include an
inverter to reverse a polarity of the third voltage; and a buffer
to maintain the polarity of the third voltage. The first decoder
may be selectively coupled to the inverter or the buffer.

[0014] The gamma reference voltage generator may
include an operational amplifier to add the second voltage
corresponding to the control amount of the load to a prede-
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termined second reference voltage. The loading effect con-
troller may be included in a timing controller or is coupled to
the timing controller.

[0015] Inaccordance with one or more other embodiments,
an apparatus includes an output and a controller to determine
a control amount of a load of a display panel based on a
detected amount of the load of the display panel and a loading
effect setting, and to output a voltage corresponding to the
control amount of the load, wherein the voltage is to be sent
through the output to a gamma reference voltage generator to
control a gamma reference voltage. The controller may mea-
sure a power voltage at a predetermined position in the dis-
play panel and to detect the amount of the load of the display
panel by comparing the measured first power voltage with a
reference voltage.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Features will becomeapparent to those of skill in the
art by describing in detail exemplary embodiments with ref-
erence to the attached drawings in which:

[0017] FIG.1 illustrates an embodiment of a loading effect
control device;
[0018] FIG. 2illustrates an example of a detecting line and

a detecting device;

[0019] FIG.3illustrates an embodiment of a detecting unit;
[0020] FIG. 4 illustrates an embodiment of a load control-
ling unit;

[0021] FIG. Sillustrates an embodiment of a first decoder;
[0022] FIGS. 6A and 6B illustrate an embodiment of a

second decoder;

[0023] FIG. 7 illustrates an embodiment of a gamma refer-
ence voltage generating unit;

[0024] FIG. 8 illustrates an embodiment of an organic light
emitting display device;

[0025] FIG. 9 illustrates an embodiment of an electronic

device; and

[0026] FIG. 10 illustrates an embodiment of a smart phone.
DETAILED DESCRIPTION

[0027] Example embodiments are described more fully

hereinafter with reference to the accompanying drawings;
however, they may be embodied in different forms and should
not be construed as limited to the embodiments set forth
herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully
convey exemplary implementations to those skilled in the art.
In the drawings, the dimensions of layers and regions may be
exaggerated for clarity of illustration. Like reference numer-
als refer to like elements throughout.

[0028] During operation of adisplay device, a phenomenon
known as “loading effect” may cause gamma voltages to
deviate from predetermined values. This deviation may
change the brightness of grayscale values in an image. In one
case, the deviation in gamma voltages may change an on-
pixel ratio of the image, which may adversely affect display
quality. In accordance with one or more embodiments, a
device is provided for controlling the loading effect in a
display device, in order to improve display quality.

[0029] FIG. 1 illustrates an embodiment of a loading effect
control device 100, and FIG. 2 illustrates an example of a
detecting line and a detecting device, which, for example,
may be included in the loading effect control device of FIG. 1.
As will be explained in greater detail, the loading effect
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control device 100 calculates a load amount based on a first
power voltage ELVDD and then controls a gamma reference
voltage Vreg based on a value determined by the load amount
and/or one or more loading effect settings.

[0030] Referring to FIGS. 1 and 2, the loading effect con-
trol device 100 includes a detecting unit 120, a load control-
ling unit 140, a gamma reference voltage (Vreg) generating
unit, and a detecting line 180.

[0031] The detecting line 180 may be coupled to a first
power supply line 135 in a display panel 130. A first power
voltage ELVDD may be supplied through the first power
supply line 135. The first power voltage ELVDD may be, for
example, a high power voltage provided to the display panel
130. The first power voltage ELVDD is generated in a power
supply unit 150, and may be provided to each of pixels of the
display panel 130 through the first power supply line 135.
Here, the first power voltage ELVDD may experience a volt-
age drop based on an internal resistance of a line that couples
the power supply unit 150 to the display panel 130 and/or an
internal resistance of the first power supply line 135.

[0032] The detecting line 180 may be coupled to the first
power supply line 135 at a predetermined position relative to
(e.g., relatively far from) the power supply unit 150 that
supplies the first power voltage ELVDD. The detecting unit
120 measures the first power voltage ELVDD of the first
power supply line 135 at which a voltage drop occurs through
the detecting line 180. When the display panel 130 has a
relatively low resolution, the detecting line 180 may be
formed in a straight line across a display area DA of the
display panel 130. When the display panel 130 has a relatively
high resolution, the detecting line 180 may be formed in a
straight line along a non-display area NA of the display panel
130, because a plurality of lines and a plurality of pixels are
arranged in the display area DA of the display panel 130. In
another embodiment, the predetermined position may be at an
intermediate position relative to the power supply unit. The
intermediate location may be one that experiences a voltage
drop, albeit perhaps not as significant as an outermost posi-
tion. The predetermined position may be determined, for
example, based on the intended application or tolerances
generating an improved quality image

[0033] The detecting unit 120 measures the first power
voltage ELVDD in the display panel 130 through the detect-
ing line 180, detects an amount of a load of the display panel
130 by comparing the measured first power voltage ELVDD
with a predetermined first reference voltage, and outputs a
first voltage V1 corresponding to the detected amount of the
load. The detecting unit 120 may measure the first power
voltage ELVDD of'the first power supply line 135 at which the
voltage drop occurs through the detecting line 180, because
the detecting line 180 is coupled to the first power supply line
135 at the position far from the power supply unit 150.

[0034] The detecting unit 120 may detect the amount of
load of the display panel 130 by comparing the measured first
power voltage ELVDD with the predetermined first reference
voltage. The detecting unit 120 may output the first voltage
V1 corresponding to the detected load amount. The first ref-
erence voltage may be the first power voltage ELVDD when
a white image is displayed on the display panel 130. The
amount of voltage drop of the first power voltage ELVDD
may be a maximum when the white image is displayed
because the on-pixel ratio of the display panel 130 is 100% at
this time. The detecting unit 120 may include a comparator
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that outputs a difference between the first power voltage
ELVDD and the first reference voltage as the first voltage V1.
[0035] The load controlling unit 140 determines a control
amount of the load based on the detected load amount and a
loading effect setting provided from a timing controller. The
load controlling unit 140 outputs a second voltage V2 corre-
sponding to the determined control amount of the load. The
loading effect setting may determine a magnitude and a polar-
ity of the control amount of the load. The loading effect
setting may be stored, for example, in the timing controller
during a manufacturing process.

[0036] The loading effect setting may be set based on a
product usage environment and/or based on a user selection.
The loading effect setting may be input to the timing control-
ler when the display device is driven. In one embodiment, the
load effect setting may be determined so that the control
amount of the load has a positive value, for example, when the
display device is used in outside environment or under one or
more predetermined first environmental conditions. The
loading effect setting may be determined so that the control
amount of the load has a negative value, for example, when
the display device is used indoors or under one or more
predetermined second environmental conditions. The first
and second environmental conditions may differ, for
example, based on differences in temperature, humidity,
glare, lighting conditions, or other conditions or parameters.
[0037] The load controlling unit 140 may include a first
decoder and a second decoder. The first decoder determines
the magnitude of the control amount of the load based on the
detected load amount and the loading effect setting. The
second decoder determines the polarity of the control amount
of the load based on the loading effect setting.

[0038] In one embodiment, the first decoder generates
divided voltages by dividing the first voltage V1 based on a
predetermined ratio and outputs one of the divided voltages as
athird voltage based on the loading effect setting. The second
decoder may include an inverter that reverses the polarity of
the third voltage and a buffer that maintains the polarity of the
third voltage. The first decoder may be selectively coupled to
the inverter of the second decoder or the buffer of the second
decoder according to the loading effect setting. The load
controlling unit 140 outputs the second voltage V2 corre-
sponding to the control amount of the load with a magnitude
and polarity determined in the first decoder and the second
decoder.

[0039] The gamma reference voltage generating unit 160
controls a gamma reference voltage Vreg according to the
determined control amount of the load. The gamma reference
voltage Vreg may be provided to a gamma voltage generating
unit. The gamma voltage generating unit generates a plurality
of gamma voltages based on the gamma reference voltage
Vreg. The gamma reference voltage generating unit 160 may
increase or decrease the gamma reference voltage Vreg
according to the control amount of the load. In one embodi-
ment, the gamma reference voltage generating unit 160
includes an operational amplifier that adds the second voltage
V2, corresponding to the control amount of the load, to a
predetermined second reference voltage. The second refer-
ence voltage may generate the gamma voltages to correspond
to a predetermined gamma curve.

[0040] The gamma reference voltage generating unit 160
may generate the gamma reference voltage Vreg to be higher
than the second reference voltage when the second voltage V2
has a positive value. In this case, an outside visibility of the
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display device may be improved by increasing the voltage
levels of the gamma voltages generated in the gamma voltage
generating unit.

[0041] The gamma reference voltage generating unit 160
may generate the gamma reference voltage Vreg to be lower
than the second reference voltage when the second voltage V2
has a negative value. In this case, the color accuracy of the
display device may be improved by decreasing the voltage
levels of the gamma voltages generated in the gamma voltage
generating unit. The display device includes the display panel
130.

[0042] Thus, the loading effect control device 100 mea-
sures the first power voltage ELVDD in the display panel
through the detecting line 180, calculates the amount of load
of the display panel by comparing the measured first power
voltage ELVDD with the first reference voltage, and gener-
ates the gamma reference voltage Vreg by determining the
control amount of the load based on the calculated load
amount and the loading effect setting. Thus, the color accu-
racy of the display panel 130 and the visibility of the display
panel 130 may be improved.

[0043] FIG. 3 illustrates an embodiment of the detecting
unit 200, which, for example, may be included in the loading
effect control device of FIG. 1. The detecting unit 200 mea-
sures the first power voltage ELVDD in the display panel
through a detecting line, detects an amount of load of the
display panel by comparing the measured first power voltage
ELVDD with a predetermined first reference voltage Vrefl,
and outputs a first voltage corresponding to the detected
amount of the load.

[0044] Referring to FIG. 3, the detecting unit 200 includes
a comparator 250, a first resistor R1, a second resistor R2, a
third resistor R3, and a fourth resistor R4. The comparator
250 includes a first input terminal, a second input terminal,
and an output terminal. The first resistor R1 may be coupled
between the detecting line and the first input terminal of the
comparator 250. The second resistor R2 may be coupled
between the first input terminal of the comparator 250 and the
output terminal of the comparator 250. The third resistor R3
may be coupled between a first reference voltage source and
the second input terminal of the comparator 250. The fourth
resistor R4 may be coupled between the second input termi-
nal and a ground connection.

[0045] The comparator 250 outputs a difference between
the first power voltage ELVDD, that is provided to the first
input terminal through the detecting line, and the first refer-
ence voltage Vrefl provided to the second terminal from a
first reference voltage source. The first reference voltage may
be the first power voltage measured, for example, when a
white image is displayed on the display panel. The first volt-
age V1 may be provided to a load controlling unit.

[0046] FIG. 4 illustrates an embodiment of the load con-
trolling unit 300 in the loading effect control device of FIG. 1.
FIG. 5 illustrates an embodiment of first decoder in the load
controlling unit 300 of FIG. 4. FIGS. 6 A and 6B illustrate an
embodiment of a second decoder in the load controlling unit
300 of FIG. 4.

[0047] Referring to FIG. 4, the load controlling unit 300
includes a first decoder 320 and a second decoder 340. The
first decoder 320 determines the magnitude of a control
amount of a load based on a detected amount of the load and
the loading effect setting.

[0048] Referring to FIG. 5, the first decoder 320 generates
divided voltages by dividing a first voltage V1 based on a
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predetermined ratio and outputs one of the divided voltages as
athird voltage V3. For example, the first decoder 320 includes
a first through a tenth resistor R1 thorough R10 and generates
a plurality of divided voltages SV1 through SV10 based on
the first voltage V1. One of the divided voltages SV1 through
SV10 may be selected according to the loading effect setting
and may be provided to the second decoder 340 as the third
voltage V3.

[0049] In one example embodiment, the first decoder 320
includes a multiplexer which selects one of the divided volt-
ages SV1 through SV10 based on the loading effect setting
and which provides the selected divided voltage to the second
decoder 340 as the third voltage V3. In another example
embodiment, each of output terminals of divided voltages
SV1 through SV10 of the first decoder 320 include a switch
that couples the corresponding output terminal of the divided
voltages SV1 through SV10 to the second decoder 340. The
switches may turn on or turn off according to a control signal
from a switch control unit. The switch control unit may turn
on one of the switches to couple a corresponding one of the
output terminals of the divided voltages SV1 through SV10 to
the second decoder 340 based on the loading effect setting.
[0050] The second decoder 340 may determine the polarity
of the control amount of the load according to the loading
effect setting. Referring to FIGS. 6A and 6B, the second
decoder 340 may include an inverter 342 and a buffer 344.
The third voltage V3 output from first decoder 320 may be
selectively provided to the inverter 342 or the buffer 344
based on the loading effect setting. The inverter 342 may
reverse a polarity of the third voltage V3. The inverter 342
may output the third voltage V3 that has a positive value as a
second voltage V2 that has a negative value by reversing the
polarity of the third voltage V3. The inverter 342 may output
the third voltage V3 that has a negative value as the second
voltage V2 that has a positive value by reversing the polarity
of the third voltage V3. The buffer 344 may maintain the
polarity of the third voltage V3, e.g., the buffer 344 may
output the third voltage V3 equal to the second voltage V2.
[0051] Theload controlling unit 300 may output the second
voltage (corresponding to the control amount of the load)
having an amount and polarity determined in the first decoder
320 and the second decoder 340.

[0052] FIG. 7 illustrating an embodiment of a gamma ref-
erence voltage generating unit 400 in the loading effect con-
trol device of FIG. 1. Referring to FIG. 7, the gamma refer-
ence voltage generating unit 400 controls the gamma
reference voltage Vreg based on the second voltage V2 from
a load controlling unit.

[0053] Referring to FIG. 7, the gamma reference voltage
generating unit 400 includes an operational amplifier 450, a
first resistor R1, a second resistor R2, a third resistor R3, a
fourth resistor R4, and a fifth resistor R5.

[0054] The operational amplifier 450 may include a first
input terminal, a second input terminal, and an output termi-
nal. The first resistor R1 is coupled between a load controlling
unit and the first input terminal. The second resistor R2 is
coupled between the first input terminal and the output ter-
minal. The third resistor R3 is coupled between a second
reference voltage source and the second input terminal. The
fourth resistor R4 is coupled between the second input termi-
nal and a ground connection. The fifth resistor R5 is coupled
between the output terminal and the ground connection.
[0055] The second voltage from the load controlling unit
may have a negative value or a positive value. The operational
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amplifier 450 may control the gamma reference voltage Vreg
by adding the second voltage V2 to a predetermined second
reference voltage Vref2. The second reference voltage Vref2
may generate gamma voltages corresponding to a predeter-
mined gamma curve.

[0056] The gamma reference voltage generating unit 400
generates gamma reference voltage Vreg to be higher than the
second reference voltage Vref2, for example, when the sec-
ond voltage V2 has a positive value. In this case, outside
visibility of the display device (or in an otherwise high glare
or adverse lighting environment) may be improved by
increasing the voltage levels of the gamma voltages generated
in the gamma voltage generating unit.

[0057] The gamma reference voltage generating unit 400
generates the gamma reference voltage Vreg to be lower than
the second reference voltage, for example, when the second
voltage V2 has a negative value. In this case, the color accu-
racy of the display may be improved by decreasing the volt-
age levels of the gamma voltages generated in the gamma
voltage generating unit.

[0058] FIG. 8 illustrates an embodiment of an organic light
emitting display device 500 which includes a display panel
510, a power supplier 520, a loading effect controller 530, a
data driver 540, a scan driver 550, and a timing controller 560.
The loading effect controller 530 may correspond to any of
the aforementioned embodiments.

[0059] The display panel 510 includes a plurality of pixels.
Each pixel has a pixel circuit which includes, for example, a
driving transistor and an organic light emitting diode. The
pixel circuit controls current flowing through the organic light
emitting diode based on a data signal provided via a data line
DLm based on a scan signal provided via a scan line SLn. The
organic light emitting diode emits light based on the current.
[0060] A detecting line may be formed in the display panel
510. The detecting line may be coupled to a first power supply
line in the display panel 510. A first power voltage ELVDD
may be supplied through the first power supply line. For
example, the first power voltage ELVDD may be a high power
voltage provided to the display panel 510. The first power
voltage ELVDD is generated in a power supplier 520, and is
provided to each of pixels of the display panel 510 through the
first power supply line. The detecting line may be coupled to
the first power supply line at a position far from the voltage
supplier 520 that supplies the first power voltage ELVDD.
The loading effect controller 530 measures the first power
voltage ELVDD of the first power supply line which experi-
ences a voltage drop through the detecting line.

[0061] The power supplier 520 provides the first power
voltage ELVDD and a second power voltage ELVSS to drive
the pixels of the display panel 510.

[0062] Theloading effect controller530 calculates a differ-
ence between the first power voltage ELVDD measured from
the display panel 510 and a predetermined first reference
voltage. This difference may correspond to a detected amount
of load of the display panel 510. The loading effect controller
530 determines a control amount of a load based on the
detected amount of the load and a loading effect setting, and
controls a gamma reference voltage based on the determined
control amount of the load.

[0063] The loading effect controller 530 includes, for
example, a detecting unit, a load controlling unit, a gamma
reference voltage generating unit, and the detecting line. The
detecting line may be coupled to the first power supply line in
the display panel. The first power voltage ELVDD may be
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supplied through the first power supply line. The detecting
unit may measure the first power voltage ELVDD in the
display panel 510 through the detecting line, detect the
amount of load of the display panel 510 by comparing the
measured first power voltage ELVDD with a predetermined
first reference voltage, and output a first voltage correspond-
ing to the detected load amount.

[0064] The detecting unit measures the first power voltage
of the first power supply line having a voltage drop that occurs
through the detecting line, because the detecting line is
coupled to the first power supply line at a position far from the
voltage supplier 520.

[0065] The detecting unit detects the amount of load of the
display panel 510 by comparing the first power voltage
ELVDD with the predetermined first reference voltage. The
detecting unit outputs the first voltage corresponding to the
detected load amount. The predetermined first reference volt-
age may be the first power voltage ELVDD measured, for
example, when a white image is displayed on the display
panel 510. The detecting unit may include a comparator that
outputs the difference between the first power voltage
ELVDD and the predetermined first reference voltage as the
first voltage.

[0066] The load controlling unit determines a control
amount of the load based on the detected amount of the load
and the loading effect setting from the timing controller 560.
The load controlling unit outputs a second voltage corre-
sponding to the determined control load amount. The loading
effect setting may determine, for example, the magnitude
and/or polarity of the control load amount. The loading effect
setting may be stored in the timing controller 560 during a
manufacturing process and/or may be input to the timing
controller 560 when the display device is driven.

[0067] Theload controlling unit may include a first decoder
and a second decoder. The first decoder determines the mag-
nitude of the control amount of the load based on the detected
load amount and the loading effect setting. The second
decoder determines the polarity of the control amount of the
load based on the loading effect setting. The first decoder
generates divided voltages by dividing the first voltage based
on a predetermined ratio, and outputs one of the divided
voltages as a third voltage based on the loading effect setting.
[0068] The second decoder may include inverter that
reverses the polarity of the third voltage and a buffer that
maintains the polarity of the third voltage. The first decoder
may be selectively coupled to the inverter of the second
decoder or the buffer of the second decoder according to the
loading effect setting. The load controlling unit outputs the
second voltage corresponding to the control amount of the
load having the magnitude and polarity determined by the
first decoder and the second decoder.

[0069] The gamma reference voltage generating unit con-
trols the gamma reference voltage Vreg based on the control
amount of the load determined by the load controlling unit.
The gamma reference voltage Vreg is provided to a gamma
voltage generating unit, which, for example, may be included
in or coupled to the timing controller 560. The gamma voltage
generating unit generates a plurality of gamma voltages based
on the gamma reference voltage Vreg.

[0070] The gamma reference voltage generating unit may
include an operational amplifier that adds the second voltage
corresponding to the control amount of the load to a prede-
termined second reference voltage. The second reference
voltage may generate the gamma voltages corresponding to a
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predetermined gamma curve. The gamma reference voltage
generating unit generates the gamma reference voltage Vreg
to be higher than the second reference voltage when the
second voltage has a positive value. In this case, outside
visibility of the display device (that includes the display panel
510) may be improved by increasing the voltage levels of the
gamma voltages generated in the gamma voltage generating
unit.

[0071] The gamma reference voltage generating unit gen-
erates the gamma reference voltage Vreg to be lower than the
second reference voltage when the second voltage has a nega-
tive value. In this case, color accuracy of the display device
(that includes the display panel 510) may be improved by
decreasing the voltage levels of the gamma voltages gener-
ated in the gamma voltage generating unit. The loading effect
controller 530 may, for example, be included in or coupled to
the timing controller 560. An example of the loading effect
controller 530 that is coupled to the timing controller 560 is
described with reference to FIG. 8.

[0072] The scan driver 550 provides a scan signal to the
pixels via the scan lines SLn. The data driver 540 provides a
data signal to the pixels via the data lines DLm according to
the scan signal. The timing controller 560 generate one or
more control signals that controls the data driver 540 and the
scan driver 550.

[0073] Thus, the organic light emitting display device 500
includes the loading effect controller 530 that controls the
gamma reference voltage based on the amount of load and the
loading effect setting. The loading effect controller 530 mea-
sures the first power voltage ELVDD in the display panel 510
through the detecting line, calculates the amount of the load
of the display panel 510 by comparing the measured first
power voltage ELVDD with the first reference voltage, and
generates the gamma reference voltage Vreg by determining
the control amount of the load based on the amount of load
and the loading effect setting. Thus, the color accuracy and
visibility of the display panel 530 may be improved.

[0074] FIG. 9 illustrates an embodiment of an electronic
device 600 that includes the organic light emitting display
device of FIG. 8, and FIG. 10 illustrates an example embodi-
ment of the electronic device in FIG. 9 in the form of a smart
phone.

[0075] Referring to FIGS. 9 and 10, the electronic device
600 includes a processor 610, a memory device 620, a storage
device 630, an input/output (I/O) device 640, a power supply
650, and a display device 660. The display device 660 may
correspond to the organic light emitting display device 500 of
FIG. 8. In addition, the electronic device 600 may include a
plurality of ports for communicating a video card, a sound
card, a memory card, a universal serial bus (USB) device,
other electronic device, etc. Although FIG. 10 illustrates the
electronic device 600 as a smart-phone 700, the electronic
device 600 may alternatively be or include a tablet, personal
computer, television, or another device.

[0076] The processor 610 may perform various computing
functions. The processor 610 may be a microprocessor, a
central processing unit (CPU), or another processing device.
The processor 610 may be coupled to other components via
an address bus, a control bus, a data bus, etc. In one embodi-
ment, the processor 610 may be coupled to an extended bus
suich as peripheral component interconnect (PCI) bus.
[0077] The memory device 620 may store data for opera-
tions of the electronic device 600. For example, the memory
device 620 may include at least one non-volatile memory
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device such as an erasable programmable read-only memory
(EPROM) device, an electrically erasable programmable
read-only memory (EEPROM) device, a flash memory
device, a phase change random access memory (PRAM)
device, a resistance random access memory (RRAM) device,
a nano floating gate memory (NFGM) device, a polymer
random access memory (PoORAM) device, a magnetic random
access memory (MRAM) device, a ferroelectric random
access memory (FRAM) device, etc, and/or at least one vola-
tile 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 630 may be a solid state drive (SSD) device, a hard
disk drive (HDD) device, a CD-ROM device, etc.

[0078] The I/O device 640 may be an input device such as
a keyboard, a keypad, a touchpad, a touch-screen, a mouse,
etc., and an output device such as a printer, a speaker, etc. In
one example embodiment, the display device 660 may be
included in the I/O device 640. The power supply 650 may
provide a power for operations of the electronic device 600.
The display device 660 may communicate with other com-
ponents via the buses or other communication links. As
described above, the display device 660 may include a display
panel, a power supplier, a loading effect controller, a data
driver, a scan driver, and a timing controller.

[0079] A detecting line may be formed in the display panel.
The detecting line may be coupled to a first power supply line
in the display panel. A first power voltage may be supplied
through the first power supply line. The first power voltage
generated in a power supplier may be provided to each pixel
of the display panel through the first power supply line. The
detecting line may be coupled to the first power supply line at
a predetermined position relative to (e.g., one far from) the
voltage supplier that supplies the first power voltage.

[0080] Theloading effect controller may correspond to any
of the aforementioned embodiments. The loading effect con-
troller calculates an amount of the load of the display panel
based ona difference between the first power voltage detected
from the display panel and a predetermined first reference
voltage, determines a control amount of a load based on the
calculated amount of the load and a loading effect setting, and
controls a gamma reference voltage based on the determined
control amount of the load.

[0081] The loading effect controller may include, for
example, a detecting unit, a load controlling unit, a gamma
reference voltage generating unit, and the detecting line. The
detecting unit measures the first power voltage in the display
panel through the detecting line. The detecting unit measures
the first power voltage of the first power supply line which
experiences a voltage drop through the detecting line,
because the detecting line is coupled to the first power supply
line at the predetermined position relative to (e.g., an inter-
mediate position or far from or even an outermost position
relative to) the voltage supplier.

[0082] The detecting unit detects the amount of load of the
display panel by comparing the first power voltage with the
predetermined first reference voltage. The detecting unit out-
puts the first voltage corresponding to the detected amount of
the load. The load controlling unit determines a control
amount of the load based on the detected amount of load and
the loading effect setting from the timing controller, and
outputs a second voltage corresponding to the determined
control amount of the load.
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[0083] The loading effect setting may determine, for
example, the magnitude and/or polarity of the control amount
of the load. The loading effect setting may, for example, be
stored in the timing controller during a manufacturing pro-
cess and/or may be input to the timing controller when the
display device is driven.

[0084] Theload controlling unit may include a first decoder
and a second decoder. The first decoder determines the mag-
nitude of the control amount of the load based on the detected
amount of the load and the loading effect setting. The second
decoder determines a polarity of the control amount of the
load based on the loading effect setting.

[0085] The gamma reference voltage generating unit con-
trols the gamma reference voltage based on the control
amount of the load determined by the load controlling unit.
The gamma reference voltage generating unit generates the
gamma reference voltage to be higher than the second refer-
ence voltage when the second voltage has a positive value. In
this case, outside visibility of the display device may be
improved by increasing the voltage levels of the gamma volt-
ages generated by the gamma voltage generating unit. The
gamma reference voltage generating unit generates the
gamma reference voltage to be lower than the second refer-
ence voltage when the second voltage has a negative value. In
this case, color accuracy of the display device may be
improved by decreasing the voltage levels of the gamma
voltages that are generated in the gamma voltage generating
unit.

[0086] The scan driver provides a scan signal to the pixels
via scan lines SLn. The data driver may provide a data signal
to the pixels via data lines DL.m according to the scan signal.
The timing controller generates a control signal to control the
data driver and the scan driver.

[0087] Theelectronic device 600 of FIG. 9 may include the
display device 660 that controls the gamma reference voltage
according to the amount of load and the loading effect setting.
The display device 660 measures the first power voltage in the
display panel through the detecting line, calculates the
amount of the load of the display panel by comparing the
measured first power voltage with the first reference voltage,
and generates the gamma reference voltage by determining
the control amount of the load based on the amount of load
and the loading effect setting. Thus, color accuracy and vis-
ibility of the display panel may be improved.

[0088] The aforementioned embodiments may be applied
to an organic light emitting display device and an electronic
device having the organic light emitting display device. In
addition to a smart phone, examples of the electronic device
include a computer monitor, a laptop, a digital camera, a
cellular phone, a smart pad, a television, a personal digital
assistant (PDA), a portable multimedia player (PMP), a MP3
playet, a navigation system, a game console, a video phone,
etc.

[0089] In accordance with another embodiment, a control-
ler determines a control amount of a load of a display panel
based on a detected amount of the load of the display panel
and a loading effect setting, and to output a voltage corre-
sponding to the control amount of the load. The voltage is to
be sent through the output to a gamma reference voltage
generator to control a gamma reference voltage. The control-
ler may measure a power voltage at a predetermined position
in the display panel and to detect the amount of the load of the
display panel by comparing the measured first power voltage
with a reference voltage. The controller may correspond, for
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example, to one or more of the detecting unit 120, load con-
trolling unit 140, or the gamma reference voltage generating
unit 160 in FIG. 1. The controller may be embodiment in an
integrated circuit chip. The output may correspond to an
output port of the chip, a signal line, or another type of
interface.

[0090] The controllers, detectors, generators, decoders,
and other processing features of the invention may be imple-
mented in logic which, for example, may include hardware,
software, or both. When implemented at least partially in
hardware, the controllers, detectors, generators, decoders,
and other processing features may be, for example, any one of
a variety of integrated circuits including but not limited to an
application-specific integrated circuit, a field-programmable
gate array, a combination of logic gates, a system-on-chip, a
microprocessor, or another type of processing or control cir-
cuit.

[0091] When implemented in at least partially in sofiware,
the controllers, detectors, generators, decoders, and other
processing features may include, for example, a memory or
other storage device for storing code or instructions to be
executed, for example, by a computer, processor, micropro-
cessor, controller, or other signal processing device. The com-
puter, processor, microprocessor, controller, or other signal
processing device may be those described herein or one in
addition to the elements described herein. Because the algo-
rithms that form the basis of the methods (or operations of the
computer, processor, microprocessor, controller, or other sig-
nal processing device) are described in detail, the code or
instructions for implementing the operations of the method
embodiments may transform the computer, processor, con-
troller, or other signal processing device into a special-pur-
pose processor for performing the methods described herein.

[0092] By way of summation and review, in operation, a
display may experience a voltage drop that is based on resis-
tance associated with one or more power supply lines and a
loading effect. For example, the voltage drop may change
based on changes in the loading effect. This may have an
adverse influence on gamma voltages that are used to gener-
ate images. As a result, display quality may be significantly
degraded.

[0093] In accordance with one or more of the aforemen-
tioned embodiments, a loading effect control device mea-
sures a power voltage in a display panel through a detecting
(monitoring) line, calculates an amount of load of the display
panel by comparing the measured power voltage to a refer-
ence voltage, and generates a gamma reference voltage by
determining a control amount of the load based on the amount
of the load and a loading effect setting.

[0094] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as would
be apparent to one of skill in the art as of the filing of the
present application, features, characteristics, and/or elements
described in connection with a particular embodiment may be
used singly or in combination with features, characteristics,
and/or elements described in connection with other embodi-
ments unless otherwise indicated. Accordingly, it will be
understood by those of skill in the art that various changes in
form and details may be made without departing from the
spirit and scope of the present invention as set forth in the
following claims.
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What is claimed is:

1. A loading effect control device, comprising:

a detecting line coupled to a first power supply line in a
display panel, the first power supply line to provide a
first power voltage;

a detector to measure the first power voltage in the display
panel through the detecting line, to detect an amount of
a load of the display panel by comparing the measured
first power voltage with a predetermined first reference
voltage, and to output a first voltage corresponding to the
detected amount of the load;

aload controller to determine a control amount of the load
based on the detected load amount and a loading effect
setting and to output a second voltage corresponding to
the determined control amount of the load; and

a gamma reference voltage generator to control a gamma
reference voltage based on the determined control
amount of the load.

2. The control device as claimed in claim 1, wherein the
detector is to measure the first power voltage of the first power
supply line at a position in which a voltage drop occurs.

3. The control device as claimed in claim 1, wherein the
first voltage is based on a difference between the first power
voltage and the first reference voltage.

4. The control device as claimed in claim 1, wherein the
predetermined first reference voltage is based on the first
power voltage measured when a white image is displayed on
the display panel.

5. The control device as claimed in claim 1, wherein the
load controller includes:

a first decoder to determine a magnitude of the control
amount of the load based on the detected load amount
and the loading effect setting; and

a second decoder to determine a polarity of the control
amount of the load based on the loading effect setting.

6. The control device as claimed in claim 5, wherein the
first decoder is to:

generate divided voltages by dividing the first voltage
based on a predetermined ratio, and

output one of the divided voltages as a third voltage based
on the loading effect setting.

7. The control device as claimed in claim 6, wherein the

second decoder includes:

an inverter to reverse a polarity of the third voltage; and

a buffer to maintain the polarity of the third voltage.

8. The control device as claimed in claim 7, wherein the
first decoder is to be selectively coupled to the inverter or the
buffer.

9. The control device as claimed in claim 1, wherein the
gamma reference voltage generator includes an operational
amplifier to add the second voltage corresponding to the
control amount of the load to a second reference voltage.

10. An organic light emitting display device, comprising:

a display panel including a plurality of pixels;

a power supplier to provide a first power voltage and a
second power voltage to the display panel;

aloading effect controller to calculate a difference between
the first power voltage measured from the display panel
and a predetermined first reference voltage, the differ-
ence corresponding to a detected amount of a load of the
display panel, determine a control amount of the load
based on the detected load amount and a loading effect
setting, and to control a gamma reference voltage based
on the determined control amount of the load;
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a data driver to provide a data signal to the display panel;

a scan driver to provide a scan signal to the display panel;
and

a timing controller to generate a control signal to control
the data driver and the scan driver.

11. The display device as claimed in claim 10, wherein the

loading effect controller includes:

a detecting line coupled a first power supply line in the
display panel, the first power supply line to provide a
first power voltage;

a detector to measure the first power voltage in the display
panel through the detecting line, to detect to the amount
of the load of the display panel by comparing the mea-
sured first power voltage to with a predetermined first
reference voltage, and to output a first voltage corre-
sponding to the detected amount of the load;

a load controller to determine the control amount of the
load based on the detected load amount and the loading
effect setting and to output a second voltage correspond-
ing to the determined control amount of the load; and

a gamma reference voltage generator to control the gamma
reference voltage based on the determined control
amount of the load.

12. The display device as claimed in claim 11, wherein the
detector is to measure the first power voltage of the first power
supply line at a position in which a voltage drop occurs.

13. The display device as claimed in claim 11, wherein the
detector includes a comparator to output the first voltage
based on a difference between the first power voltage and the
predetermined first reference voltage.

14. The display device as claimed in claim 11, wherein the
predetermined first reference voltage is based on the first
power voltage measured when a white image is displayed on
the display panel.

15. The display device as claimed in claim 11, wherein the
load controller includes:

a first decoder to determine an a magnitude of the control

amount of the load based on the detected load amount
and the loading effect setting; and
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a second decoder to determine a polarity of the control
amount of the load based on the loading effect setting.

16. The display device as claimed in claim 15, wherein the
first decoder is to:

generate divided voltages by dividing the first voltage
based on a predetermined ratio, and

output one of the divided voltages as a third voltage based
on the loading effect setting.

17. The display device as claimed in claim 16, wherein the
second decoder includes:

an inverter to reverse a polarity of the third voltage; and
a buffer to maintain the polarity of the third voltage.

18. The display device as claimed in claim 17, wherein the
first decoder is to be selectively coupled to the inverter or the
buffer.

19. The display device as claimed in claim 11, wherein the
gamma reference voltage generator includes an operational
amplifier to add the second voltage corresponding to the
control amount of the load to a predetermined second refer-
ence voltage.

20. An apparatus, comprising:
an output; and

a controller to determine a control amount of a load of a
display panel based on a detected amount of the load of
the display panel and a loading effect setting, and to
output a voltage corresponding to the control amount of
the load,

wherein the voltage is to be sent through the output to a
gamma reference voltage generator to control a gamma
reference voltage, and

wherein the controller is to measure a power voltage at a
predetermined position in the display panel and to detect
the amount of the load of the display panel by comparing
the measured first power voltage with a reference volt-
age.
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