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POWER SUPPLY DEVICE, ORGANIC LIGHT
EMITTING DISPLAY DEVICE HAVING THE
SAME, AND METHOD OF SUPPLYING
POWER

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional of U.S. application
Ser. No. 13/492,596, filed Jun. 8, 2012, which claims priority
to Korean Patent Application No. 10-2012-0014532 filed on
Feb. 13, 2012, the contents of which are herein incorporated
by reference in their entireties.

BACKGROUND

[0002] 1.Field

[0003] This disclosure relates to a power supply device that
supplies a variable power voltage, and that controls a voltage
level of the variable power voltage at a first stage of an electric
transformer.

[0004] 2. Description of the Related Technology

[0005] According to a sequential emission method among a
plurality of methods for driving an organic light emitting
display (OLED) device, data may be scanned by each scan-
line in response to a scan signal that is sequentially applied.
Then, organic light emitting diodes may emit light by each
scan-line in response to an emission signal that is sequentially
applied. However, when a stereoscopic image (such as for
example, a3D image) is implemented by the sequential emis-
sion method, a crosstalk may be generated, which may cause
dizziness to a user of the display device. In order to overcome
this problem, a simultaneous emission method has been sug-
gested.

[0006] The simultaneous emission method is suitable for
implementing a stereoscopic image (such as for example a 3D
image). According to the simultaneous emission method, all
organic light emitting diodes may simultaneously emit light
based on a power voltage in an emission period, the power
voltage cyclically varying as the OLED device operates
after all data are scanned by each scan-line in response to a
scan signal that is sequentially applied in a scan period. How-
ever, the simultaneous emission method may result in high
power consumption for generating the variable power volt-
age.

SUMMARY OF CERTAIN INVENTIVE ASPECTS

[0007] Some embodiments disclosed herein provide a
power supply device capable of supplying a power voltage of
which a voltage level varies according to a magnitude of an
image load, capable of eliminating a DC-DC converter
coupled to a second stage of an electric transformer, and
capable of controlling a voltage level of the power voltage at
a first stage of the electric transformer.

[0008] Some embodiments provide an organic light emit-
ting display (OLED) device having the power supply device
capable of supplying a variable power voltage.

[0009] Some embodiments provide a method of supplying
power capable of supplying a variable power voltage, and
capable of controlling a voltage level of the power voltage
without a DC-DC converter.

[0010] According to some embodiments, a power supply
device may include a switching mode power supply (SMPS)
circuit unit including an electric transformer having a first
stage and a second stage, the SMPS circuit unit configured to
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generate a second stage output voltage by using the electric
transformer, a power switching unit that receives the second
stage output voltage, and further configured to switch the
second output voltage to generate a first power voltage that
has a logic high level and a logic low level in one frame, and
a pulse width modulation (PWM) control unit that controls a
voltage level of the second stage output voltage by providing
a control signal to the first stage of the electric transformer.
The first power voltage may be simultaneously provided to a
plurality of pixels included in a display panel, and a magni-
tude of a logic low level of the first power voltage may be
determined according to a magnitude of an image load, where
the magnitude of the image load is determined by a color and
a gradation level of an image to be displayed in a next frame.

[0011] A period of a logic high level of the first power
voltage may correspond to a period in which the pixels are
sequentially scanned, and a period of a logic low level of the
first power voltage may correspond to a period in which
organic light emitting diodes of the pixels simultaneously
emit light.

[0012] The PWM control unit may include a timing con-
troller that generates a PWM signal, a digital-to-analog con-
verter that receives the PWM signal, and converts the PWM
signal to generate a feed-forward voltage signal, and an out-
put voltage controller that generates the control signal based
on the feed-forward voltage signal, and provides the control
signal to the first stage of the electric transformer.

[0013] A magnitude of a logic high level of the feed-for-
ward voltage signal may be proportional to the on-duty ratio
of the PWM signal, and the first power voltage may be
inversely proportional to the feed-forward voltage signal.

[0014] An on-duty ratio of the PWM signal and a voltage
level of the feed-forward voltage signal may be decreased,
and a magnitude of alogic low level of the first power voltage
may be increased when a maximum gradation level of an
image that the display panel displays is high, and an on-duty
ratio of the PWM signal and a voltage level of the feed-
forward voltage signal may be increased, and a magnitude of
a logic low level of the first power voltage may be decreased
when a maximum gradation level of the image that the display
panel displays is low.

[0015] The SMPS circuit unit may include an input unit that
rectifies and filters an alternating voltage to generate a direct-
current (DC) voltage having a high voltage level, a control
unit that receives the DC voltage from the input unit, receives
the control signal from the PWM control unit, and generates
a first stage output voltage from the DC voltage based on the
control signal, a transformation unit that receives the first
stage output voltage from the control unit, and converts the
first stage output voltage to generate the second stage output
voltage, and an output unit that filters the second stage output
voltage.

[0016] The PWM control unit may receive the second stage
output voltage as a feedback voltage signal, and may generate
the control signal based on the feedback voltage signal to
stabilize the second stage output voltage.

[0017] The power supply device may further include an
opto-coupler that is coupled between an output terminal of
the SMPS circuit unit and the PWM control unit.

[0018] Theopto-coupler may decouple the first stage of the
SMPS circuit unit from the second stage of the SMPS circuit
unit when the PWM control unit receives the feedback volt-
age signal.
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[0019] The power supply device may further include a
memory unit that provides a pixel information signal to the
PWM control unit.

[0020] The pixel information signal may include informa-
tion related to the color and the gradation level of the image to
be displayed in the next frame.

[0021] An on-duty ratio of the PWM signal may be con-
trolled based on the pixel information signal.

[0022] According to some embodiments, an organic light
emitting display device may include a display panel having a
plurality of pixels, a scan driver that sequentially provides a
scan signal to the pixels via a plurality of scan-lines, a data
driver that provides a data signal to the pixels viaa plurality of
data-lines based on the scan signal, a first power supply
device that generates a first power voltage to simultaneously
provide the first power voltage to the pixels, the first power
voltage having a logic high level and a logic low level in one
frame, a magnitude of a logic low level of the first power
voltage being determined according to a magnitude of an
image load, where the magnitude of the image load is deter-
mined by a color and a gradation level of an image to be
displayed in a next frame, a second power supply device that
generates a second power voltage to simultaneously provide
the second power voltage to the pixels, the second power
voltage having a logic high level and a logic low level in one
frame, and a timing controller that controls the scan driver, the
data driver, the first power supply device, and the second
power supply device.

[0023] A period of a logic high level may correspond to a
period in which the pixels are sequentially scanned, and a
period of a logic low level may correspond to a period in
which organic light emitting diodes of the pixels simulta-
neously emit light.

[0024] The organic light emitting display device may fur-
ther include a memory unit that provides a pixel information
signal to the first power supply device.

[0025] The pixel information signal may include informa-
tion related to the color and the gradation level of the image to
be displayed in the next frame.

[0026] The first power supply device may generate a PWM
signal based on the pixel information signal, and the magni-
tude of a logic low level of the first power voltage may be
controlled based on an on-duty ratio of the PWM signal.

[0027] According to some embodiments, a method of sup-
plying power may include a step of generating a pixel infor-
mation signal based on a color and a gradation level of an
image to be displayed by a plurality of pixels in a next frame,
a step of generating a PWM signal having an on-duty ratio
that is determined according to the pixel information signal, a
step of generating a feed-forward voltage signal as an analog
signal by converting the PWM signal, a step of generating a
control signal based on the feed-forward voltage signal, the
control signal controlling a second stage output voltage of an
electric transformer included in a switching mode power
supply (SMPS) circuit unit, a step of providing the control
signal to a first stage of the electric transformer, a step of
generating the second stage output voltage based on the con-
trol signal, a step of generating a first power voltage by
switching the second stage output voltage, the first power
voltage having a logic high level and a logic low level in one
frame, and a step of simultaneously providing the first power
voltage to the pixels in an emission period.
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[0028] Organic light emitting diodes included in the pixels
may simultaneously emit light based on the first power volt-
age.

[0029] Therefore, embodiments of a power supply device

may reduce power consumption by supplying a power volt-
age of which a voltage level varies according to a magnitude
of an image load. In addition, the power supply device may
eliminate a DC-DC converter coupled to a second stage of an
electric transformer, and may control a voltage level of the
power voltage at a first stage of the electric transformer. Thus,
a circuit structure may be simplified, and a power loss due to
additional power change operations of the DC-DC converter
may be prevented.

[0030] In addition, embodiments of an organic light emit-
ting display (OLED) device may have a simplified circuit
structure, and may operate with low power consumption.
[0031] Further, embodiments of a method of supplying
power may reduce power consumption by supplying a power
voltage of which a voltage level varies according to a magni-
tude of an image load.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] Illustrative, non-limiting embodiments will be more
clearly understood from the following detailed description
taken in conjunction with the accompanying drawings.
[0033] FIG. 1 is a block diagram illustrating an embodi-
ment of a power supply device.

[0034] FIG. 2 is a circuit diagram illustrating an embodi-
ment of a switching mode power supply (SMPS) circuit unit
in the embodiment of a power supply device of FIG. 1.
[0035] FIG. 3 is a circuit diagram illustrating an embodi-
ment of a power switching unit in the embodiment of a power
supply device of FIG. 1.

[0036] FIG. 4 is a block diagram illustrating an embodi-
ment of a pulse width modulation (PWM) control unit in the
embodiment of a power supply device of FIG. 1.

[0037] FIG. 5 is a timing diagram illustrating a relation
between a first power voltage and a feed-forward voltage
signal generated by the embodiment of a power supply device
of FIG. 1.

[0038] FIG. 6 is a flow chart illustrating an embodiment of
a method of supplying power.

[0039] FIG. 7 s a timing diagram illustrating the embodi-
ment of a method of supplying power shown in FIG. 6.
[0040] FIG. 8 is a diagram illustrating a first power voltage
changed by the embodiment of a method of supplying power
shown in FIG. 6.

[0041] FIG. 9 is a block diagram illustrating an embodi-
ment of an organic light emitting display (OLED) device.
[0042] FIG. 10 is a block diagram illustrating an embodi-
ment of an electric device having the embodiment of an
organic light emitting display (OLED) device of FIG. 9.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

[0043] Various embodiments will be described more fully
hereinafter with reference to the accompanying drawings, in
which some embodiments are shown. The present inventive
concepts may, however, be embodied in many 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 the scope of the present inventive concepts to those
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skilled in the art. In the drawings, the sizes and relative sizes
of layers and regions may be exaggerated for clarity. Like
numerals generally refer to like elements throughout.

[0044] It will be understood that, although the terms first,
second, third etc. may be used herein to describe various
elements, these elements should not be limited by these
terms. These terms are used to distinguish one element from
another. Thus, a first element discussed below could be
termed a second element without departing from the teach-
ings of the present inventive concepts. As used herein, the
term “and/or” includes any and all combinations of one or
more of the associated listed items.

[0045] It will be understood that when an element is
referred to as being “connected” or “coupled” to another
element, it can be directly connected or coupled to the other
element or intervening elements may be present. In contrast,
when an element is referred to as being “directly connected”
or “directly coupled” to another element, there are no inter-
vening elements present. Other words used to describe the
relationship between elements should be interpreted in a like
fashion (e.g., “between” versus “directly between,” “adja-
cent” versus “directly adjacent,” etc.).

[0046] The terminology used herein is for the purpose of
describing particularembodiments only and is not intended to
be limiting of the present inventive concepts. As used herein,
the singular forms “a,” “an” and “the” are intended to include
the plural forms as well, unless the context clearly indicates
otherwise. It will be further understood that the terms “com-
prises” and/or “comprising,” when used in this specification,
specify the presence of stated features, integers, steps, opera-
tions, elements, and/or components, but do not preclude the
presence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof.

[0047] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this inventive concept belongs. It will be further under-
stood that terms, such as those defined in commonly used
dictionaries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0048] FIG. 1 is a block diagram illustrating an embodi-
ment of a power supply device.

[0049] Referring to F1G. 1, the power supply device 10 may
include a switching mode power supply (SMPS) circuit unit
100, a power switching unit 200, and a pulse width modula-
tion (PWM) control unit 300.

[0050] In some embodiments, the SMPS circuit unit 100
may include an electric transformer having a first stage, 1st,
and a second stage, 2nd. The SMPS circuit unit 100 may
generate a second stage output voltage VOUT by using the
electric transformer. In addition, the SMPS circuit unit 100
may receive a control signal VCON at the first stage 1st of the
electric transformer, and may control a voltage level of the
second stage output voltage VOUT based on the control sig-
nal VCON.

[0051] The power switching unit 200 may receive the sec-
ond stage output voltage VOUT from the SMPS circuit unit
100, and may generate a first power voltage ELVDD by
switching the second stage output voltage VOUT. The first
power voltage ELVDD may havea logic high level and alogic
low level in one frame. In some embodiments, the first power
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voltage ELVDD may only have a logic high level or a logic
low level in one frame. A period of a logic high level of the
first power voltage ELVDD may correspond to a period (for
example, a scanperiod) in which a plurality of pixels included
in adisplay panel are sequentially scanned. A period ofa logic
low level of the first power voltage ELVDD may correspond
to a period (for example, an emission period) in which a
plurality of organic light emitting diodes included in the
pixels simultaneously emit light. The logic high level and the
logic low level of the first power voltage ELVDD may corre-
spond to other periods in other embodiments. In some
embodiments, for example, a period of alogic low level of the
first power voltage ELVDD may correspond to the scan
period, and a period of a logic high level of the first power
voltage ELVDD may correspond to the emission period.
[0052] The PWM control unit 300 may generate the control
signal VCON, and may provide the control signal VCON to
the first stage 1st of the electric transformer. In some embodi-
ments, the power supply device 10 may further include a
memory unit (such as for example, a frame memory) 400. The
memory unit 400 may generate a pixel information signal
SIG_PIX by analyzing a color and a gradation level of an
image to be displayed by a display panel in a next frame, and
may provide the pixel information signal SIG_PIX to the
PWM control unit 300. Then, the PWM control unit 300 may
generate the control signal VCON based on the pixel infor-
mation signal SIG_PIX. In addition, the SMPS circuit unit
100 and the power switching unit 200 may generate the first
power voltage ELVDD of which a voltage level is determined
based on the control signal VCON. Hence, the power supply
device 10 may generate the first power voltage ELVDD that is
determined (and/or changed) according to a magnitude of an
image load (i.e., aload on a plurality of pixels included in the
display panel). For example, when the display panel displays
a white color image having a high gradation, the image load
may be great (i.e., a great load on the pixels). On the other
hand, when the display panel displays a red color image
having a low gradation or a black color image having a low
gradation, the image load may be small (i.e., a small load on
the pixels). The pixel information signal SIG_PIX may be
generated based on a magnitude of the image load. A process
for controlling a voltage level of the first power voltage
ELVDD based on a magnitude of the image load will be
described in further detail referring to FIGS. 5 and 6 below.
[0053] In some embodiments, the PWM control unit 300
may receive the second stage output voltage VOUT as a
feedback voltage signal VFB. The PWM control unit 300 may
stabilize the second stage output voltage VOUT by generating
the control signal VCON based on the feedback voltage signal
VFB.

[0054] In some embodiments, the power supply device 10
may further include opto-coupler 500 that is coupled between
an output terminal of the SMPS circuit unit 100 and the PWM
control unit 300. The opto-coupler 500 may be a photo-
coupler. The opto-coupler 500 may decouple the first stage
1st of the SMPS circuit unit 100 from the second stage 2nd of
the SMPS circuit unit 100 when the PWM control unit 300
receives the feedback voltage signal VFB. Thus, the control
signal VCON may be more stabilized.

[0055] Conventional power supply devices employing a
simultaneous emission method need to include an additional
DC-DC converter. A control unit included in the additional
DC-DC converter controls a power voltage so that a variable
power voltage may be generated. That is, a variable power
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voltage (i.e., a power voltage for organic light emitting
diodes) may be generated after an output of the SMPS circuit
unit passes through the DC-DC converter. As aresult, a power
loss due to additional power change operations may be
caused. Therefore, embodiments disclosed herein may sim-
plify a structure of the power supply device, and may reduce
power consumption by eliminating an additional DC-DC
converter from the power supply device, and by including a
control unit 120 (shown in FIG. 2) for controlling a variable
power voltage at the first stage 1st of the SMPS circuit unit
100.

[0056] FIG. 2 is a circuit diagram illustrating an embodi-
ment of a SMPS circuit unit in the embodiment of a power
supply device of FIG. 1. Referring to FIG. 2, the SMPS circuit
unit 100 may include an input unit 110, a control unit 120, a
transformation unit 130, and an output unit 140.

[0057] The input unit 110 may rectify and filter an alternat-
ing voltage to generate a direct-current (DC) voltage having a
high voltage level. In some embodiments, the input unit 110
may include a bridge rectifier and a power factor correction
(PFC) circuit. In addition, although not illustrated in FIG. 2,
the input unit 110 may further include a fuse and a line filter
between an alternating voltage input stage and the bridge
rectifier. The fuse may operate as a safety device that opens
and protects a circuit when a current exceeding a critical value
flows during a specific period. In some embodiments, the line
filter may be a low-pass electro-magnetic interference (EMI)
filter. The line filter may prevent signal interferences by
reducing a high frequency current that may flow into the
alternating voltage input stage in the SMPS circuit unit 100.

[0058] The bridge rectifier may convert a bipolar alternat-
ing voltage into a unipolar pulsating voltage. The bridge
rectifier may have a structure in which a plurality of diodes are
coupled in a bridge form, and may provide an output voltage
having the same polarity (for example, a positive polarity or a
negative polarity) as an input voltage.

[0059] The PFC circuit may improve power efficiency by
compensating a power-factor of the output voltage. The PFC
circuit may reduce power consumption, and may prevent a
temperature rise due to a heat generated by currents. Thus, the
input unit 110 rectifies the alternating voltage to generate the
DC voltage having a high voltage level.

[0060] The control unit 120 may receive the DC voltage
from the input unit 110. In addition, the control unit 120 may
receive the control signal VCON from the PWM control unit
300 (shown in FIG. 1). The control unit 120 may generate a
first stage output voltage from the DC voltage based on the
control signal VCON. That is, a voltage level of the first stage
output voltage may be determined (and/or changed) accord-
ing to a voltage level of the control signal VCON.

[0061] The transformation unit 130 may receive the first
stage output voltage from the control unit 120, and may
generate the second stage output voltage VOUT by stepping-
down the first stage output voltage. Then, the second stage
output voltage VOUT may be filtered by the output unit 140.
In addition, the second stage output voltage VOUT may be
output (and/or fedback) from the output unit 140 to the PWM
control unit 300 (shown in FIG. 1) as a feedback voltage
signal VFB. Thus, the power supply device 10 may control a
voltage level ofthe power voltage at the first stage 1st (and not
at the second stage 2nd) of the transformation unit 130
included in the SMPS circuit unit 100.
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[0062] FIG. 3 is a circuit diagram illustrating an embodi-
ment of a power switching unit in the embodiment of a power
supply device of FIG. 1.

[0063] Referring to FIG. 3, the power switching unit 200
may include a plurality of transistors. The power switching
unit 200 may receive the second stage output voltage VOUT,
and may generate the first power voltage ELVDD based on
the transistors that periodically turn-on and turn-off. Thus, the
first power voltage ELVDD may have a logic high level and a
logic low level in one frame. In some embodiments, a switch-
ing cycle of the transistors may be about 8.3 ms (i.e., 120 Hz).
Thus, a cycle of the first power voltage ELVDD may be about
8.3 ms (i.e., 120 Hz).

[0064] In some embodiments, the first power voltage
ELVDD may be simultaneously provided to a plurality of
pixels included in a display panel. Hence, organic light emit-
ting diodes included in the pixels may simultaneously emit
light.

[0065] FIG. 4 is a block diagram illustrating an embodi-
ment of a PWM control unit in the embodiment of a power
supply device of FIG. 1.

[0066] Referring to FIG. 4, the PWM control unit 300 may
include a timing controller (T-CON) 330, a digital-to-analog
converter (DAC) 320, and an output voltage controller 310.
[0067] The timing controller 330 may generate a PWM
signal PWM. In some embodiments, the timing controller
330 may receive the pixel information signal SIG_PIX from
the memory unit 400 of FIG. 1, and may generate the PWM
signal PWM based on the pixel information signal SIG_PIX.
An on-duty ratio of the PWM signal PWM may be controlled
based on the pixel information signal SIG_PIX. An on-duty
ratio may be a ratio of an on-period (i.e., a period having a
logic high level) of the PWM signal PWM to a period corre-
sponding to one frame.

[0068] The digital-to-analog converter 320 may receive a
PWM signal PWM from the timing controller 330, and may
generate a feed-forward voltage signal VEF by converting the
PWM signal PWM. In some embodiments, a magnitude of a
logic high level of the feed-forward voltage signal VFF may
be proportional to an on-duty ratio of the PWM signal PWM.
[0069] The output voltage controller 310 may receive the
feed-forward voltage signal VFF from the digital-to-analog
converter 320, and may generate the control signal VCON
based on the feed-forward voltage signal VFF. As described
above, the control signal VCON may be applied to the first
stage 1st of the SMPS circuit unit 100 of FIG. 1. Thus, a
voltage level of the second stage output voltage VOUT and a
voltage level of the first power voltage ELVDD may be con-
trolled at the first stage 1st of the SMPS circuit unit 100. In
some embodiments, the output voltage controller 310 may
receive the second stage output voltage VOUT as the feed-
back voltage signal VFB. The output voltage controller 310
may stabilize the second stage output voltage VOUT by gen-
erating the control signal VCON based on the feedback volt-
age signal VFB.

[0070] FIG. § is a timing diagram illustrating a relation
between a first power voltage and a feed-forward voltage
signal generated by the embodiment of a power supply device
of FIG. 1.

[0071] Referring to FIGS. 4 and 5, when a maximum gra-
dation level of an image displayed by the display panel is
high, the related information may be included in the pixel
information signal SIG_PIX, and an on-duty ratio of the
PWM signal PWM may be decreased based on the pixel
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information signal SIG_PIX. Here, since a magnitude of a
logic high level of the feed-forward voltage signal VFF is
proportional to an on-duty ratio of the PWM signal PWM, a
magnitude of the feed-forward voltage signal VFF may be
decreased. As illustrated in FIG. 5, the first power voltage
ELVDD may be inversely proportional to the feed-forward
voltage signal VFF. Thus, as a magnitude of the feed-forward
voltage signal VFEF is decreased, a magnitude of a logic low
level of the first power voltage ELVDD may be increased. As
a result, a voltage difference between the first power voltage
ELVDD and a second power voltage ELVSS may be
increased in an emission period, and thus an image having a
high gradation may be displayed.

[0072] When a maximum gradation level of an image dis-
played by the display panel is low, the related information
may be included in the pixel information signal SIG_PIX, and
an on-duty ratio of the PWM signal PWM may be increased
based on the pixel information signal SIG_PIX. A magnitude
of the feed-forward voltage signal VFF may be increased, and
a magnitude of a logic low level of the first power voltage
ELVDD may be decreased. As a result, a voltage difference
between the first power voltage ELVDD and the second
power voltage ELVSS may be decreased in an emission
period, and thus an image having a low gradation may be
displayed.

[0073] FIG. 6 is a flow chart illustrating an embodiment of
a method of supplying power. FIG. 7 is a timing diagram
illustrating the embodiment of a method of supplying power
shown in FIG. 6.

[0074] Referring to FIGS. 1 and 6, the pixel information
signal SIG_PIX may be generated based on a color and a
gradation level of an image to be displayed by a display panel
in a next frame (Block S10). Then, the PWM signal PWM
having an on-duty ratio that is determined based on the pixel
information signal SIG_PIX may be generated (Block S20).
Next, the feed-forward voltage signal VFF as an analog signal
may be generated by converting the PWM signal (Block S30).

[0075] Referring to FIG. 7, an (n)th frame may correspond
to a period in which an image having a relatively high grada-
tion is displayed, and an (n+1)th frame (i.e., a next frame)
may correspond to a period in which an image having a
relatively low gradation is displayed. Thus, the PWM signal
PWM may have an on-duty ratio of about 50% in the (n)th
frame, and the PWM signal PWM may have an on-duty ratio
of about 75% in the (n+1)th frame. As described above, a
magnitude of a logic high level of the feed-forward voltage
signal VFF may be proportional to an on-duty ratio of the
PWM signal PWM. Thus, a magnitude of alogic high level of
the feed-forward voltage signal VFF may be relatively greater
in the (n+1)th frame (i.e., a next frame).

[0076] Referring back to FIG. 6, based on the feed-forward
voltage signal VFF, a control signal VCON for controlling the
second stage output voltage VOUT ofthe electric transformer
included in the SMPS circuit unit 100 may be generated
(Block S40). In addition, the control signal VCON may be
provided to the first stage 1st of the electric transformer
(Block S50). Then, an output voltage (i.e., the second stage
output voltage VOUT) may be generated based on the control
signal VCON (Block S60). As illustrated in FIG. 7, a voltage
level of the output voltage VOUT may be proportional to a
magnitude of a logic high level of the feed-forward voltage
signal VFF. Hence, a voltage level of the output voltage
VOUT may be relatively high in the (n)th frame.
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[0077] The first power voltage ELVDD having a logic high
level and a logic low level in one frame may be generated by
switching the output voltage VOUT (Block S70). As
described above, since the first power voltage ELVDD 1is
inversely proportional to the feed-forward voltage signal
VFF, and the first power voltage ELVDD is proportional to
the output voltage VOUT, a magnitude of a logic low level of
the first power voltage ELVDD may be relatively greater in
the (n)th frame. At this time, a logic high level and a logic low
level of the second power voltage ELVSS may be maintained
(i.e., may not be changed) in all frames. Therefore, a voltage
difference between the first power voltage ELVDD and the
second power voltage ELVSS is relatively great in an emis-
sion period EMISSION of the (n)th frame, and thus an image
having a high gradation may be displayed. Likewise, a volt-
age difference between the first power voltage ELVDD and
the second power voltage ELVSS is relatively small in an
emission period EMISSION of the (n+1)th frame, and thus an
image having a low gradation may be displayed. As shown in
FIG. 7, a point at which the first power voltage ELVDD is 0V
within a small time in every frame exists. The point means
that the first power voltage ELVDD is reset.

[0078] Although it is illustrated in FIG. 7 that the first
power voltage ELVDD has a voltage level that varies accord-
ing to a magnitude of an image load (i.e., a variable voltage
level) in an emission period EMISSION, and that the second
power voltage ELVSS has a constant voltage level in an
emission period EMISSION, it is not limited thereto. In some
embodiments, for example, the second power voltage ELVSS
may have a variable voltage level in an emission period
EMISSION.

[0079] Returning to FIG. 6, then, the first power voltage
ELVDD and the second power voltage ELVSS may be simul-
taneously provided to the pixels in an emission period EMIS-
SION (Block S80). As a result, organic light emitting diodes
included in the pixels may simultaneously emit light.

[0080] FIG. 8 is a diagram illustrating a first power voltage
changed by an embodiment of the method shown in FIG. 6.

[0081] Referring to FIG. 8, a logic high level and a logic
low level of the second power voltage ELVSS may be main-
tained (i.e., may not be changed) regardless of a color or a
gradation level of an image that a display panel displays. The
first power voltage ELVDD may have different logic low
levels according to a coloror a gradation level of an image that
the display panel displays. For example, in case of a normal
period NORMAL, the first power voltage ELVDD having the
highest voltage level may be provided in an emission period
EMISSION. Thus, a voltage difference between the first
power voltage ELVDD and the second power voltage ELVSS
is relatively great, and thus an image having a high gradation
may be displayed. Since any color may be displayed in the
normal period NORMAL, the first power voltage ELVDD
may correspond to a white color WHITE having the highest
gradation.

[0082] On the other hand, when a black color image FULL
BLACK is displayed by the display panel, the first power
voltage ELVDD having the lowest voltage level may be pro-
vided in an emission period EMISSION. Thus, a voltage
difference between the first power voltage ELVDD and the
second power voltage ELVSS is relatively small, and thus an
image having a low gradation may be displayed. As described
above, the power supply device according to some embodi-
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ments may generate the first power voltage ELVDD that is
determined (and/or changed) according to a magnitude of an
image load.

[0083] FIG. 9 is a block diagram illustrating an embodi-
ment of an organic light emitting display device.

[0084] Referring to FIG. 9, the organic light emitting dis-
play device 900 may includea display panel 910, a scan driver
930, a data driver 940, a first power (ELVDD) supply device
10, a second power (ELVSS) supply device 950, and a timing
controller 920.

[0085] The display panel 910 may include a plurality of
pixels. The scan driver 930 may sequentially provide a scan
signal to the pixels via a plurality of scan-lines 81 .. . Sn. The
data driver 940 may provide a data signal to the pixels via a
plurality of data-lines D1 . . . Dn in response to the scan signal
thatis sequentially provided. The first power supply device 10
may generate a first power voltage (ELVDD) to simulta-
neously provide the first power voltage ELVDD to the pixels.
The first power voltage ELVDD may have a logic high level
and a logic low level in one frame. In addition, a magnitude of
alogic low level of the first power voltage may be determined
(and/or changed) according to a magnitude of an image load.
The second power supply device 950 may generate a second
power voltage (ELVSS) to simultaneously provide the second
power voltage ELVSS to the pixels. The second power volt-
age ELVSS may have a logic high level and a logic low level
in one frame. The timing controller 920 may control the scan
driver 930, the data driver 940, the first power (ELVDD)
supply device 10, and the second power (ELVSS) supply
device 950.

[0086] FIG. 10 is a block diagram illustrating an embodi-
ment of an electric device having an embodiment of the
organic light emitting display device shown in FIG. 9.
[0087] Referring to FIG. 10, the electric device 1000 may
include a processor 1100, a memory device 1200, an input/
output (I/O) device 1300, and a display device 900.

[0088] The processor 1100 may perform various comput-
ing functions. For example, the processor 1100 may be a
micro processor, a central processing unit (CPU), and the like.
The processor 1100 may be coupled to other components via
abus 1001. For example, the processor 1100 may be coupled
to the memory device 1200 and the display device 900 via an
address bus, a control bus, a data bus, and the like. Further, the
processor 1100 may be coupled to an extended bus such as a
peripheral component interconnection (PCI) bus.

[0089] The memory device 1200 may include at least one
non-volatile memory device and at least one volatile memory
device. For example, the non-volatile memory device may
correspond to an erasable programmable read-only memory
(EPROM) device, an electrically erasable programmable
read-only memory (EEPROM) device, a flash memory
device, and the like. In addition, the volatile memory device
may correspond to a dynamic random access memory
(DRAM) device, a static random access memory (SRAM)
device, and the like. The memory device 1200 may store
software that is performed by the processor 1100. In some
embodiments, the processor 1100 and the memory device
1200 may analyze and handle a color and a gradation level of
an image that the display panel 910 displays. In other embodi-
ments, a memory unit included in the display device 900 may
perform the functions (i.e., analyze and handle a color and a
gradation level of an image).

[0090] The I/O device 1300 may be an input device such as
a keyboard, a keypad, a mouse, a touch screen, and the like,
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and/or an output device such as a printer, a speaker, and the
like. The I/O device 1300 may be coupled to the bus 1001. The
processor 1100 may control operations of the 1/Q device
1300.

[0091] The display device 900 may be coupled to the pro-
cessor 1100 via the bus 1001. The display device 900 may
include the display panel 910 and the first power supply
device 10. As described above, the first power supply device
10 may simultaneously provide a power voltage of which a
voltage level is changed according to a magnitude of an image
load for the display panel 910. In addition, a voltage level of
the power voltage may be controlled at a first stage of an
electric transformer included in the first power supply device
10.

[0092] The present inventive concepts may be applied to an
electric device having a display device. For example, the
present inventive concepts may be applied to an electric
device such as a cellular phone, a smart phone, a smart pad, a
personal digital assistant (PDA), a portable multimedia
player (PMP), a digital camera, a computer, a laptop, a digital
television, a MP3 player, and the like. The foregoing is illus-
trative of certain embodiments and is not to be construed as
limiting thereof. Although a few embodiments have been
described, those skilled in the art will readily appreciate that
many modifications are possible in the embodiments without
materially departing from the novel teachings and advantages
ofthe present inventive concepts. Accordingly, all such modi-
fications are intended to be included within the scope of the
present inventive concepts as defined in the claims. There-
fore, it is to be understood that the foregoing is illustrative of
various embodiments and is not to be construed as limited to
the specific embodiments disclosed, and that modifications to
the disclosed embodiments, as well as other embodiments,
are intended to be included within the scope of the appended
claims.

What is claimed is:

1. An organic light emitting display device comprising:

a display panel having a plurality of pixels;

a scan driver configured to sequentially provide a scan
signal to the pixels via a plurality of scan-lines;

a data driver configured to provide a data signal to the
pixels via a plurality of data-lines based on the scan
signal;

a first power supply device configured to generate a first
power voltage to simultaneously provide the first power
voltage to the pixels, the first power voltage having a
logic high level and a logic low level in one frame, a
magnitude of a logic low level of the first power voltage
being determined according to a magnitude of an image
load, wherein the magnitude of the image load is deter-
mined by a color and a gradation level of an image to be
displayed in a next frame;

a second power supply device configured to generate a
second power voltage to simultaneously provide the sec-
ond power voltage to the pixels, the second power volt-
age having a logic high level and a logic low level in one
frame; and

atiming controller configured to control the scan driver, the

data driver, the first power supply device, and the second
power supply device.

2. The device of claim 1, wherein a period of a logic high

level corresponds to a period in which the pixels are sequen-
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tially scanned, and a period ofa logic low level corresponds to
aperiod in which organic light emitting diodes of the pixels
simultaneously emit light.

3. The device of claim 2, further comprising:

a memory unit configured to provide a pixel information

signal to the first power supply device.

4. The device of claim 3, wherein the pixel information
signal

includes information related to the color and the gradation

level of the image to be displayed by the pixels in a next
frame.

5. The device of claim 4, wherein the first power supply
device generates a PWM signal based on the pixel informa-
tion signal, and

wherein the magnitude of a logic low level of the first

power voltage is controlled based on an on-duty ratio of
the PWM signal.

I I T T
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