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(57)  An organic light emitting display which includes
a display panel having a pixel cell formed in a region
defined by gate lines and data lines perpendicularly
crossing each other, a power supply which supplies cur-
rent to the display panel, a scan driver which supplies a
scan signal to a gate line, a data driver which supplies a
data voltage to a data line, a timing controller which sup-
plies a control signal to the scan driver and the data driver

and an converted pixel data signal to the data driver, a
gradation converter which converts a gradation of a pixel
data signal inputted and supplies the converted pixel data
signal to the timing controller, and a scale parameter gen-
erator which generates a scale parameter through the
converted pixel data signal and supplies the scale pa-
rameter to the gradation converter, when the next pixel
data signal is inputted to the gradation converter.
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Description

[0001] This application claims priority to Korean Patent Application No. 10-2007-0001523, filed on January 5, 2007,
all the benefits accruing there from under 35 U.S.C. §119, the contents of which in its entirety is incorporated herein by
reference.

BACKGROUND OF THE INVENTION
1. Field of the Invention

[0002] The present invention relates to an organic light emitting display device and a method of driving the same.
More particularly, to an organic light emitting display device in which an aperture ratio and lifespan are improved.

2. Description of the Related Art

[0003] An organic light emitting display device is a type of a flat panel display device which uses an electroluminescent
phenomenon of an organic material. A conventional organic light emitting display device includes an anode and a cathode
having an organic light emitting layer injected there between. When an electrical current is applied to the anode and the
cathode, electrons and holes are transferred to the organic emitting layer and are recombined, so that light is emitted
by recombination energy of electrons and holes.

[0004] Unlike a non-emissive type display device such as a liquid crystal display ("LCD") device, an organic light
emitting display device does not require a light source and is small in volume and light in weight. An organic light emitting
display device is driven with low electrical power, and thus, energy efficiency is high. For these advantages, the organic
light emitting device is employed in various electronic devices such as a portable terminal and a large-scale television
due to merits of high brightness and high response speed.

[0005] An organic light emitting display device is an emissive-type display device and requires a signal line for driving
an organic light emitting display panel (hereinafter, "display panel") and a current supplying line for supplying an electrical
current for an emission of light. The current supplying line may undergo a voltage drop caused by internal resistance
due to a supplied electrical current and may generate high heat since a voltage drop becomes more serious when a
high electrical current is applied.

[0006] In order to resolve the above problems, a current supplying line for a display panel should have a relatively
wide width. However, there is a problem in that an aperture ratio is reduced. If light is emitted with high brightness to
compensate a reduced aperture ratio, its lifespan is also reduced.

[0007] Further, an area size which a current supplying line and other signal lines overlap is increased, and thus, due
to signal interference, a charge state may be poor and spots may appear. Further, a circuit board is attached to an outer
region of a display panel to supply a current supplying line with an electrical current, and in order to apply a high electrical
current, the attached area size should be larger. Therefore, an outer region of a display panel should be larger, leading
to long attaching processing time and high manufacturing costs.

BRIEF SUMMARY OF THE INVENTION

[0008] The present invention has made an effort to solve the above stated problems and aspects of the present
invention provide an organic light emitting display device and a method of driving the same in which an electrical current
supplied to a display panel is restricted based on a reference current value, thereby reducing the width of a current
supplying line, leading to a high aperture ratio and a lengthy lifespan.

[0009] In an exemplary embodiment, the present invention provides an organic light emitting display device which
includes a display panel having gate lines, data lines and pixel cells, a power supply which supplies an electrical current
to the display panel, a scan driver which supplies a scan signal to a gate line, a data driver which supplies a data voltage
to a data line, a timing controller which supplies a control signal to the scan driver and the data driver, respectively and
an converted pixel data signal to the data driver, a gradation converter which converts a gradation of a pixel data signal
inputted from an external portion and supplies the converted pixel data signal to the timing controller, and a scale
parameter generator which generates a scale parameter through the converted pixel data signal and supplies the scale
parameter to the gradation converter when the next pixel data signal is inputted to the gradation converter.

[0010] According to an exemplary embodiment, the display panel further includes first and second current supplying
lines which are formed respectively parallel with the gate lines and data lines, are electrically connected to each other,
and which supply an electrical current from the power supply.

[0011] According to an exemplary embodiment, the line width of the first and second current supplying lines includes
a range of approximately 12 pm to approximately 67 um.
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[0012] According to an exemplary embodiment, each pixel cell includes a first transistor which is electrically connected
to the gate and data lines and is turned on whenever the scan signal is applied, a storage capacitor which is electrically
connected to the first transistor and the current supplying line and charges a data voltage supplied from the first transistor,
and a second transistor which is electrically connected to the storage capacitor and the current supplying line and controls
the amount of an electrical current supplied from the current supplying line according to the data voltage discharged
from the storage capacitor.

[0013] According to an exemplary embodiment, the gradation converter multiplies the pixel data signal inputted from
an external portion by the scale parameter supplied from the scale parameter generator to supply the converted pixel
data signal.

[0014] According to an exemplary embodiment, the scale parameter generator includes a current calculator which
adds a total sum of the gradation-converted pixel data signals inputted from the gradation converter to supply a total
current value, a current comparator which compares the total current value of the current calculator to a reference current
value, a first scale parameter output portion which outputs a scale parameter which includes a smaller value than a
scale parameter calculated from previous frame data when the total current value is larger than the reference current
value, and a second scale parameter output portion which outputs a scale parameter which includes a larger value than
a scale parameter calculated from previous frame data when the total current value is smaller than the reference current
value.

[0015] According to an exemplary embodiment, the scale parameter generator includes a current calculator which
adds a total sum of the gradation-converted pixel data signals inputted from the gradation converter to supply a total
current value, a first current comparator which compares the total current value to an upper limit reference current value
having a larger value than the reference current value at a boundary of the reference current value, a second current
comparator which compares the total current value to a lower limit reference current value having a lower value than
the reference value at a boundary of the reference current value, a first scale parameter output portion which outputs a
scale parameter which has a smaller value than the scale parameter when the total current value is larger than the upper
limit reference current value, a second scale parameter output portion for outputting a scale parameter which has a
larger value than the scale parameter when the total current value is smaller than the lower limit reference current value,
and a third scale parameter output portion for outputting the scale parameter when the total current value includes a
value between the upper and lower limit reference current values.

[0016] According to an exemplary embodiment, the reference current value includes a value of approximately 15%
to approximately 80% of a maximum value of the pixel data signal inputted from the external portion.

[0017] According to an exemplary embodiment, the organic light emitting display device further includes a second
gradation converter which is formed between the gradation converter and the timing controller which converts the pixel
data signal converted in the gradation converter to a pixel data signal of red, green, blue and white.

[0018] The scale parameter generator generates the scale parameter through the pixel data signal of red, green, blue
and white supplied from the second gradation converter and supplies the scale parameter to the gradation converter.
[0019] The gradation converter multiplies the pixel data signal inputted from the external portion by the scale parameter
supplied from the scale parameter generator to output the converted pixel data signal.

[0020] The scale parameter generator includes a current calculator which adds a total sum of the gradation-converted
pixel data signals inputted from the gradation converter, to supply a total current value, a current comparator which
compares the total current value of the current calculator to a reference current value, a first scale parameter output
portion which outputs a scale parameter which includes a smaller value than a scale parameter calculated from previous
frame data when the total current value is larger than the reference current value, and a second scale parameter output
portion which outputs a scale parameter which includes a larger value than a scale parameter calculated from previous
frame data when the total current value is smaller than the reference current value.

[0021] The scale parameter generator includes a current calculator which adds a total sum of the gradation-converted
pixel data signals inputted from the gradation converter to supply a total current value, a first current comparator which
compares the total current value to an upper limit reference current value having a larger value than the reference current
value at a boundary of the reference current value, a second current comparator which compares the total current value
to a lower limit reference current value having a lower value than the reference value at a boundary of the reference
current value, a first scale parameter output portion which outputs a scale parameter which includes a smaller value
than the scale parameter if the total current value is larger than the upper limit reference current value, a second scale
parameter output portion which outputs a scale parameter which includes a larger value than the scale parameter when
the total current value is smaller than the lower limit reference current value, and a third scale parameter output portion
which outputs the scale parameter when the total current value includes a value between the upper and lower limit
reference current values.

[0022] In another exemplary embodiment, the present invention provides a method for driving an organic light emitting
display device, the method includes, multiplying, via a gradation converter, a pixel data signal inputted from an external
portion by a scale parameter generated through a pixel data signal of a previous frame and supplying a gradation-
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converted pixel data signal to a timing controller, generating a scale parameter through the converted pixel data signal
supplied from the gradation converter, supplying the gradation-converted pixel data signal to a data driver, via the timing
controller, converting, via the data driver, a data voltage of the gradation-converted pixel data signal and supplying the
data voltage to a display panel when a scan signal is supplied from a scan driver, supplying, via a power supply, a power
signal to first and second current supplying lines, and supplying the power signal to an organic light emitting diode of
the display panel.

[0023] According to an exemplary embodiment, generating the scale parameter includes adding a total sum of the
gradation-converted pixel data signals from the gradation converter, to generate a total current value, comparing the
total current value to a reference current value, supplying a scale parameter having a smaller value than the scale
parameter of the previous frame to the gradation converter when the total current value is larger than the reference
current value, and supplying a scale parameter having a larger value than the scale parameter of the previous frame to
the gradation converter when the total current value is smaller than the reference current value.

[0024] According to an exemplary embodiment, the method for driving an organic light emitting display device further
includes setting an upper limit reference current value which is larger than the reference current value and a lower limit
reference current value which is smaller than the reference current value, at a boundary of the reference current value,
comparing the total current value to the upper limit reference current value, supplying the scale parameter having a
smaller value than the scale parameter of the previous frame to the gradation converter when the total current value is
larger than the upper limit reference current value, and comparing the total current value to the lower limit reference
current value when the total current value is smaller than the upper limit reference current value, and supplying the scale
parameter having a larger value than the scale parameter of the previous frame to the gradation converter when the
total current value is smaller than the lower limit reference current value, and supplying the scale parameter of the
previous frame to the gradation converter when the total current value is larger than the lower limit reference current value.
[0025] According to an exemplary embodiment, the method for driving an organic light emitting display device further
includes converting, via the gradation converter, the gradation-converted pixel data signal to a pixel data signal of red,
green and blue.

[0026] According to an exemplary embodiment, the method for driving an organic light emitting display device further
includes supplying the pixel data signal of red, green and blue to the scale parameter generator.

[0027] According to an exemplary embodiment, generating the scale parameter includes adding a total sum of the
gradation-converted pixel data signals from the gradation converter to generate a total current value, comparing the
total current voltage to a reference current value, supplying a scale parameter having a smaller value than the scale
parameter of the previous frame to the gradation converter when the total current value is larger than the reference
current value, and supplying a scale parameter having a larger value than the scale parameter of the previous frame to
the gradation converter when the total current value is smaller than the reference current value.

[0028] According to an exemplary embodiment, the method for driving an organic light emitting display device further
includes setting an upper limit reference current value which is larger than the reference current value and a lower limit
reference current value which is smaller than the reference current value, at a boundary of the reference current value,
comparing the total current value to the upper limit reference current value, supplying the scale parameter having a
smaller value than the scale parameter of the previous frame to the gradation converter when the total current value is
larger than the upper limit reference current value, and comparing the total current value to the lower limit reference
current value when the total current value is smaller than the upper limit reference current value, and supplying the scale
parameter having a larger value than the scale parameter of the previous frame to the gradation converter when the
total current value is smaller than the lower limit reference current value, and supplying the scale parameter of the
previous frame to the gradation converter when the total current value is larger than the lower limit reference current value.
[0029] According to an exemplary embodiment, the reference current value is set to approximately 15% to approxi-
mately 80% of a maximum consumption current value of the display panel.

[0030] According to an exemplary embodiment, the upper limit reference current value includes a value between the
reference current value and a value which is 20% larger than the reference current value, and the lower limit reference
current value includes a value between the reference current value and a value which is 20% smaller than the reference
current value.

[0031] According to an exemplary embodiment, the scale parameter includes a value between 0 and 1.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] The above and/or other aspects, features and advantages of the present invention will become more apparent
from the following detailed description when taken in conjunction with the accompanying drawings, in which:

FIG. 1 is a block diagram illustrating an exemplary embodiment of an organic light emitting display device according
to the present invention;
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FIG. 2 is a plan view illustrating an exemplary embodiment of a display panel of the organic light emitting display
device of FIG. 1, according to the present invention;

FIG. 3 is a circuit diagram illustrating an exemplary embodiment of an equivalent circuit of a pixel cell of the organic
light emitting display device of FIG. 2, according to the present invention;

FIG. 4 is a block diagram illustrating an exemplary embodiment of a scale parameter generator according to the
present invention;

FIG. 5 is a block diagram illustrating another exemplary embodiment of a scale parameter generator according to
the present invention; and

FIG. 6 is a block diagram illustrating another exemplary embodiment of an organic light emitting display device
according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0033] The presentinvention will now be described more fully hereinafter with reference to the accompanying drawings,
in which embodiments of the invention are shown. This invention 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 invention to those skilled in
the art. In the drawings; the size and relative sizes of layers and regions may be exaggerated for clarity. It will be
understood that when an element is referred to as being "on" another element, it can be directly on the other element
or intervening elements may be present therebetween. In contrast, when an element is referred to as being "directly on"
another element, there are no intervening elements present. As used herein, the term "and/or" includes any and all
combinations of one or more of the associated listed items.

[0034] It will be understood that, although the terms first, second, third etc. may be used herein to describe various
elements, components, regions, layers and/or sections, these elements, components, regions, layers and/or sections
should not be limited by these terms. These terms are only used to distinguish one element, component, region, layer
or section from another element, component, region, layer or section. Thus, a first element, component, region, layer
or section discussed below could be termed a second element, component, region, layer or section without departing
from the teachings of the present invention.

[0035] The terminology used herein is for the purpose of describing particular embodiments only and is not intended
to be limiting of the invention. 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 "comprises"
and/or "comprising," or "includes" and/or "including" when used in this specification, specify the presence of stated
features, regions, integers, steps, operations, elements, and/or components, but do not preclude the presence or addition
of one or more other features, regions, integers, steps, operations, elements, components, and/or groups thereof.
[0036] Spatially relative terms, such as "beneath", "below", "lower", "above", "upper" and the like, may be used herein
for ease of description to describe one element or feature’s relationship to another element(s) or feature(s) as illustrated
in the figures. It will be understood that the spatially relative terms are intended to encompass different orientations of
the device in use or operation in addition to the orientation depicted in the figures. For example, if the device in the
figures is turned over, elements described as "below" or "beneath" other elements or features would then be oriented
"above" the other elements or features. Thus, the exemplary term "below" can encompass both an orientation of above
and below. The device may be otherwise oriented (rotated 90 degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

[0037] Unless otherwise defined, all terms (including technical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to which this invention belongs. It will be further understood
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 the present disclosure, and will not be interpreted in
an idealized or overly formal sense unless expressly so defined herein.

[0038] Exemplary embodiments of the present invention are described herein with reference to cross section illustra-
tions that are schematic illustrations of idealized embodiments of the present invention. As such, variations from the
shapes of the illustrations as a result, for example, of manufacturing techniques and/or tolerances, are to be expected.
Thus, embodiments of the present invention should not be construed as limited to the particular shapes of regions
illustrated herein but are to include deviations in shapes that result, for example, from manufacturing. For example, a
region illustrated or described as flat may, typically, have rough and/or nonlinear features. Moreover, sharp angles that
are illustrated may be rounded. Thus, the regions illustrated in the figures are schematic in nature and their shapes are
not intended to illustrate the precise shape of a region and are not intended to limit the scope of the present invention.
[0039] Hereinafter, the present invention will be described in detail with reference to the accompanying drawings.
[0040] FIG. 1 is a block diagram illustrating an exemplary embodiment of an organic light emitting display device
according to the present invention, FIG. 2 is a plan view illustrating an exemplary embodiment of a display panel of the
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organic light emitting display device of FIG 1, and FIG. 3 is a circuit diagram illustrating an exemplary embodiment of
an equivalent circuit of one pixel cell of the organic light emitting display device of FIG. 2.

[0041] Referring to FIGS. 1 through 3, the organic light emitting display device according to an exemplary embodiment
of the present invention includes a display panel 10, a scan driver 20, a data driver 30, a gradation converter 60, a timing
controller 50, a scale parameter generator 70.

[0042] The display panel 10, as shown in FIG. 2, includes gate lines GL arranged in a transverse direction, data lines
DL arranged in a vertical direction substantially perpendicular to the gate lines GL, a plurality of pixel cells 80 arranged
at crossing points of the gate lines GL and the data lines DL, and a plurality of first and second current supplying lines
PL1 and PL2 which supply an electrical current to the pixel cells 80.

[0043] The gate line GL applies a scan signal supplied from the scan driver 20 to the pixel cell 80.

[0044] The data line DL is formed to cross the gate line GL and applies a data voltage supplied from the data driver
30 to the pixel cell 80.

[0045] The first current supplying line PL1 is arranged parallel with the gate line GL, and the second current supplying
line PL2 is arranged parallel with the data line DL. That is, the first and second current supplying lines PL1 and PL2 are
formed to cross each other and are electrically connected to each other at crossing points. The pixel cell 80 is supplied
with an electrical current through a plurality of current supplying channels such as the first and second current supplying
lines PL1 and PL2. Therefore, even if the line width of the first and second current supplying lines PL1 and PL2 is
reduced, a voltage drop which may occur in the first and second current supplying lines PL1 and PL2 can be prevented.
[0046] In an exemplary embodiment, the first and second current supplying lines PL1 and PL2 include a line width of
approximately 12 um to 67 pm. When the first and second current supplying lines PL1 and PL2 include a line width of
approximately 12 wm, an electrical current supplied from a power supply 40 is restricted to approximately 1.9 Ampere
(A), whereas when the first and second current supplying lines PL1 and PL2 include a line width of approximately 67
wm, an electrical current supplied from the power supply 40 is restricted to approximately 10.2 Ampere (A).

[0047] According to an exemplary embodiment, the pixel cell 80, as shown in FIG. 3, includes an organic light-emitting
diode OLED, first and second transistors TR1 and TR2 which control the organic light-emitting diode OLED, and a
storage capacitor Cst which charges a data voltage supplied to the first transistor TR1.

[0048] According to an exemplary embodiment, the first transistor TR1 is turned on in response to a scan signal
supplied to the gate line GL to supply a data voltage supplied from the data line DL to a first node N1. The storage
capacitor Cst charges a data voltage supplied to the first node N1. The second transistor TR2 is in an ON state until a
data voltage charged in the storage capacitor Cst is discharged to supply a power signal VDD supplied from the first
and second current supplying lines PL1 and PL2 to the organic light-emitting diode OLED. In an exemplary embodiment,
the first and second transistors TR1 and TR2 are formed of any one of NMOS and PMOS transistors.

[0049] According toanexemplary embodiment, the organic light-emitting diode OLED includes an anode and a cathode
having an organic light emitting layer (not shown) interposed therebetween. According to an exemplary embodiment,
the anode is formed on a substrate of the display panel 10 and is made of an opaque conductive material or an opaque
metal. The cathode is formed, opposite to the anode, and is made of a transparent conductive material. The organic
light emitting layer includes light-emitting materials to generate red light, green light and blue light. The organic light
emitting layer further includes a hole injecting layer (not shown), a hole transporting layer (not shown), a light-emitting
layer (not shown), an electron transporting layer (not shown), and an electron injecting layer (not shown), which are
stacked over the anode, consecutively, in order in which they are mentioned above. The organic light emitting diode
OLED generates light such that the cathode supplies electrons to the light emitting layer through the electron injecting
layer and the electron transporting layer, the anode supplies holes to the light emitting layer through the hole injecting
layer and the hole transporting layer, and the electrons and the holes are recombined in the light emitting layer which
emits light. The anode is electrically connected to an output of the second transistor TR2, and the cathode is electrically
connected to a ground voltage VSS or a power voltage VSS which includes a lower voltage than a voltage supplied to
the anode.

[0050] That is, the organic light emitting diode OLED emits light by an electrical current ’'I' controlled by the second
transistor TR2 according to a data voltage supplied from the first transistor TR1.

[0051] According to an exemplary embodiment, the power supply 40 supplies a gate on voltage Von and a gate off
voltage Voff to the scan driver 20 and supplies an analog driving voltage AVDD to the data driver 30. The power supply
40 supplies a power signal VDD to the first and second current supplying lines PL1 and PL2. In an exemplary embodiment,
the power supply 40 supplies an electrical current of approximately 1.8A or 10.2A based on the line width of the first
and second current supplying lines PL1 and PL2. The power supply 40 controls the amount of an electrical current
supplied according to areference current value set by the scale parameter generator 70 which controls a total consumption
power or consumption current.

[0052] The scan driver 20 is synchronized with a gate control signal GCS supplied from the timing controller 50, to
sequentially supply a scan signal to the gate line GL.

[0053] The data driver 30 converts pixel data signals R’, G’ and B’ supplied from the timing controller 50 into analog
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voltages and supplies them to the data line DL.

[0054] As mentioned above, the timing controller 50 also supplies the gate control signal GCS to the scan driver 20
to control an output timing of a scan signal. Further, the timing controller 50 supplies a data control signal DCS to the
data driver 30. The timing controller 50 supplies pixel data signals R’, G’ and B’ converted by the gradation converter
60 to the data driver 30 with timing.

[0055] The gradation converter 60 multiplies the pixel data signals R, G and B inputted from an external portion (not
shown) by a scale parameter S supplied from the scale parameter generator 70 to convert their gradation. That is, the
gradation converter 60 multiplies the pixel data signals R, G and B of a present frame by a scale parameter S’ generated
from a pixel data signal of a previous frame by the scale parameter generator 70 to convert gradation of the pixel data
signals of the present frame.

[0056] The scale parameter generator 70 adds the pixel data signals R’, G’ and B’, compares them with a reference
current value and supplies them to the gradation converter 60 when the pixel data signals R, G and B of the present
frame are inputted.

[0057] FIG. 4 is a block diagram illustrating an exemplary embodiment of the scale parameter generator 70 according
to the present invention.

[0058] Referring to FIG. 4, the scale parameter generator 70 includes a current calculator 170, a current comparator
180, and first and second scale parameter output portions 190 and 200.

[0059] The current calculator 170 adds a total sum of the current values included in the data signals R’, G’ and B’
converted by the gradation converter 60 to obtain a total current value (XI).

[0060] The consumption current or power of the display panel 10 is in proportion to an electrical current supplied to
the organic light emitting diode OLED, and an electrical current supplied to the organic light emitting diode OLED is
identical to a gamma conversion of a gradation included in the inputted pixel data signals.

[0061] Therefore, the current calculator 170 calculates a total current value (ZI) consumed in the display panel 10 by
using one of the following mathematical formulas 1 and 2. For example, one pixel includes pixel cells 80 of red, green
and blue, and each pixel cell 80 includes one organic light emitting diode. A total current value (ZI) consumed in the
pixel cells 80 of the display panel 10 during one frame can calculated by adding all gradation information of the pixel
cells 80 by using the mathematical formula 1:

ZI:R’+G’+B7

Formula 1

, where y denotes a constant having the range of approximately 1.8 to 3.

[0062] In the display panel 10, there may be a case where it is difficult to calculate the amount of an electrical current
when the constant y includes a value other than an integer, for example 2.2. Also, there may be a case where a gamma
curve is not driven exactly according to an exponential function when a black and a white of the display panel 10 are
driven. For this reason, the total current value (ZI) consumed in the display panel 10 can be calculated by a sum of
gamma functions by using the mathematical formula 2:

Y I1=T(R)+I(G)+I(B)

Formula 2.

According to an exemplary embodiment, the total current value (ZI) calculated by the formula 1 or 2 is stored in a memory
(not shown) in the form of a lookup table. The lookup table is formed such that a gradation value of a pixel is matched
with a current value.

[0063] The current comparator 180 compares the total current value (ZI) calculated by the current calculator 170 to a
reference current value (Zlth) which is previously set. According to an exemplary embodiment, the reference current
value (ZIth) is set to a lower value than a maximum consumption current value, which is set when the display panel 10
is designed. In an exemplary embodiment, the reference current value (Zlth) includes a value of approximately 15% to
approximately 80% of the maximum consumption current value.

[0064] When the total current value (ZI) is larger than the reference current value (Zlth), the scale parameter S is
outputted from the first scale parameter output portion 190. The scale parameter S outputted from the first scale parameter
output portion 190 includes a lower value than the scale parameter S’ calculated from previous frame data. For example,
the scale parameter S outputted from the first scale parameter output portion 190 is scaled-down before outputted, by
a mathematical formula 3:
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N Formula 3.

[0065] When the total current value (XI) is smaller than the reference current value (Zlth), the scale parameter S is
outputted from the second scale parameter output portion 200. The scale parameter S outputted from the second scale
parameter output portion 200 is scaled-up before outputted, by a mathematical formula 4:

S:S'+—1—
N

Formula 4.

[0066] For example, when a data signal of a high gradation is inputted as two-step previous frame data, a data signal
of a low gradation as one-step previous frame data, and a data signal of a low gradation as present frame data, an
electrical current is applied having a very low value even in a low gradation since the scaled-down data are inputted as
the present frame data, so that brightness is lowered. Therefore, when the total current value (ZI) is smaller than the
reference current value (Zlth), a scale parameter S which is sequentially scaled-up is supplied to thereby prevent bright-
ness from being lowered in a low gradation. Here, the scale parameter S is adjusted to be larger than "0" and equal to
or less than 1.

[0067] In the formulas 3 and 4, N is a constant. According to an exemplary embodiment, when a driving frequency of
the organic light emitting display device is 60Hz, N includes a value between 32(=25) and 1024(=210). According to
another exemplary embodiment, when the driving frequency of the organic light emitting display device is increased
twice, for example to 120Hz, a range of an N value is increased twice. That is, when the driving frequency of the organic
light emitting display device is 120Hz, N is set to a value between 64(=26) and 2048(=2""). Hereinafter, it is assumed
that the organic light emitting display device is driven at a frequency of 60Hz. Here, when N is less than 32, the scale
parameter S is changed to a very large value for each frame, and it affects the display quality. If N is larger than 1024,
a variation of the scale parameter S becomes very small, so that it is difficult to sufficiently control the amount of an
electrical current used in the display panel 10. For this reason, according to an exemplary embodiment, N is set to a
value between 32 and 1024. According to the current exemplary embodiment, N is set to 256(=28). For example, when
N is set to 256 and the total current value (ZI) in the display panel 10 is larger than the reference current value (Zlth), a
value obtained by subtracting 1/256 from a previous scale parameter S’ is outputted as the scale parameter S. Therefore,
the scale parameter S does not change steeply but steadily, thereby preventing a sudden change of brightness of the
display panel 10 and display inferiority such as flickering.

[0068] Even though an electrical current larger than the reference current value (Zlth) is momentarily supplied so that
an electrical current is increased in the organic light-emitting diode OLED, the amount of an electrical current is naturally
controlled by internal resistances of the first and second current supplying lines PL1 and PL2 formed in the display panel
10. At this time, heat is generated in the first and second current supplying lines PL1 and PL2, but the amount of an
electrical current becomes smaller than the reference current value (Zlth) in the next frame or later, whereby heat
generation does not last.

[0069] Meanwhile, when in the process of generating the scale parameter S, the total current value () is at a boundary
of the reference current value (ZIth) and a noise exists in the display panel, the scale parameter S may unnecessarily
change in each frame. If the scale parameter S unnecessarily changes, a moving picture which is artificially produced
may be unstably played. In order to prevent this phenomenon, as shown in FIG. 5, the reference current value (Zlth)
includes an upper limit and a lower limit, and the fixed scale parameter S is outputted.

[0070] FIG. 5 is a block diagram illustrating another exemplary embodiment of the scale parameter generator 70
according to the present invention.

[0071] Referringto FIG. 5, the scale parameter generator 70 includes a current calculator 170, first and second current
comparators 181 and 182, and first, second and third scale parameter output portions 190, 200 and 210.

[0072] The scale parameter generator 70 compares the total current value (ZI) inputted from the current calculator
170 with the upper limit (2Ith,U) of the reference current value (Zlth) through the first comparator 181. When the total
current value (ZI) is larger than the upper limit (ZIth,U) of the reference current value (Zlth), the first comparator 181
outputs the scale parameter S calculated by using the formula 3 through the first scale parameter output portion 190.
However, when the total current value (Zl) is not larger than the upper limit (ZIth,U) of the reference current value (ZIth),
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the second comparator 182 compares the total current value (ZI) to the lower limit (ZIth, L) of the reference value (Zlth).
[0073] When the total current value (XI) is smaller than the lower limit (2Ith,L) of the reference current value (Zlth),
the second comparator 182 outputs the scale parameter S calculated by using the formula 3 through the second scale
parameter output portion 200. On the other hand, when the total current value (Xl) is not smaller than the lower limit
(ZlIth,L) of the reference current value (XIth), the second comparator 182 outputs the scale parameter S’ of the previous
frame "as is" through the third scale parameter output portion 210.

[0074] The scale parameter generator 70 supplies the scale parameter S’ of the previous frame "as is" to the gradation
converter 60 when the inputted total current value (ZI) is between the upper limit (ZIth,U) of the reference current value
(ZIth) and the lower limit (ZIth,L) of the reference current value (ZIth). Therefore, it is possible to prevent the scale
parameter S from unnecessarily changing.

[0075] In an exemplary embodiment, the upper limit (Zlth,U) of the reference current value (Zlth) is set based on the
reference current value (Zlth) and is set to within a value which is approximately 20% larger than the reference current
value (Zlth), and the lower limit (Zlth,L) of the reference current value (Zlth) is set based on the reference current value
(ZIth) and is set to within a value which is approximately 20% smaller than the reference current value (Xlth). According
to the current exemplary embodiment, the upper limit (ZIth,U) is set to within a value which is approximately 5% larger
than the reference current value (Zlth), and the lower limit (Zlth,L) is set to within a value which is approximately 5%
smaller than the reference current value (Zlth). The upper and lower limits (ZIth,U) and (ZIth,U) may are set according
to the amplitude of a noise component of the display panel.

[0076] Inthe current exemplary embodiment, the first and second comparators 181 and 182 and the first, second and
third scale parameter output portions 190, 200 and 210 may be realized by an operator of a single process operator or
a block of a software program.

[0077] According to an exemplary embodiment, the organic light emitting display device controls an electrical current
supplied to the display panel 10 to reduce the line width of the first and second current supplying lines PL1 and PL2.
The amount of an electrical current supplied from the power supply 40 to the first and second current supplying lines
PL1 and PL2 is decreased to reduce the power consumption of the display panel 10. Also, since the line width of the
first and second current supplying lines PL1 and PL2 is reduced, an aperture ratio is increased, and since the amount
of an electrical current supplied to the organic light-emitting diode OLED is reduced, a lifespan is increased.

[0078] FIG. 6 is a block diagram illustrating another exemplary embodiment of an organic light emitting display device
according to the present invention.

[0079] The organic light emitting display device disclosed in FIG. 6 is different from that of FIG. 1, in that the organic
light emitting display device of FIG. 6 includes a first gradation converter 60, and a second gradation converter 90 which
converts pixel data signals R’, G’ and B’ of red, green and blue into pixel data signals R", G", B" and W" of red, green,
blue and white. In FIGS. 1 and 6, like reference numerals denote like parts, and thus duplicated descriptions on those
parts are omitted.

[0080] Referring to FIG. 6, the organic light emitting display device according to the current exemplary embodiment
of the present invention includes a display panel 10 having an organic light-emitting diode OLED, a scan driver 20 which
drives a gate line GL, a data driver 30 which drives a data line DL, a first gradation converter 60 which multiplies pixel
data signals R, G and B inputted from an external portion (not shown) by a scale parameter S supplied from the scale
parameter generator 70, to be converted to pixel data signals R’, G’ and B’, the second gradation converter 90 converts
the pixel data signals R’, G’ and B’ of red, green and blue into pixel data signals R", G", B" and W" of red, green, blue
and white, a timing controller 50 which supplies a gate control signal GCS and data control signal DCS to the scan driver
20 and the data driver 30, respectively, and supplies the pixel data signals R", G", B" and W" supplied from the second
gradation portion 90 to the data driver 30, and the scale parameter generator 70 generates a scale parameter S through
the pixel data signals R", G", B" and W" of the previous frame supplied from the second gradation converter 90.
[0081] The second gradation converter 90 generates the pixel data signals R", G", B" and W" of red, green, blue and
white through the pixel data signals R’, G’ and B’ of red, green and blue whose gradations are converted by the first
gradation converter 60. The second gradation converter 90 supplies the pixel data signals R", G", B" and W" of red,
green, blue and white to the timing controller 50 and the scale parameter generator 70.

[0082] The timing controller 50 supplies the pixel data signals R", G", B" and W" supplied from the second gradation
converter 90 to the data driver 30 according to the data control signal DCS.

[0083] The scale parameter generator 70 calculates a total current value (Zl) of one frame through the pixel data
signals R", G", B" and W" of red, green, blue and white supplied from the second gradation converter 90 and compares
it with a reference current value (Zlth) to generate a scale parameter S to be supplied to the first gradation converter
60. In the current embodiment, a current calculator 170 of the scale parameter generator 70 calculates the total current
value (ZI) of the display panel 10 by using mathematical formulas 5 and 6. The formulas 5 and 6 additionally have
parameters for a white pixel data signal W" compared to the formulas 1 and 2, and thus duplicated descriptions are
omitted. In an exemplary embodiment, the current calculator 170 calculates the total current to be consumed in the
display panel by using the formula 6.
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YI=R+G" +B +W"’

Formula 5.

Y I=T(R)+T(G)+I(B)+I (W)

-——-—=Formula 6.

[0084] The scale parameter generator 70 of FIG. 6 includes a similar or same configuration as that of FIGS. 4 and 5,
and therefore a description thereof is omitted.

[0085] The organic light emitting display devices according to the exemplary embodiments of the present invention
include low current consumption and an improved aperture ratio as shown in Table 1 below.

[0086] Table 1 illustrates a maximum supply current | to be supplied from the power supply 40, the line width of the
first and second current supplying lines PL1 and PL2, a ratio (%) of the display area size of the display panel 10 to the
area size of the first and second current supplying lines PL1 and PL2, an aperture ratio (%), and a lifespan improvement
(%) which are obtained when the reference current value (Zlth) is changed to a value of approximately 15% to approx-
imately 80% of the maximum consumption current.

[Table 1]
Reference Maximum Line width of Areasizeratioof | Aperture ratio Lifespan
current value supply current PL1 and PL2 PL1and PL2 (%) | (%) improvement (%)
(%) (A) (rm)
100 12.5 83 16.3 43 0
80 10 66.4 13.0 46.3 16
50 6.25 41.5 8.1 51.1 41
25 3.125 20.75 4.1 55.4 65
15 1.875 12.45 24 56.8 75

[0087] Referring to Table 1, when the reference current value is restricted to 80% of the total consumption current of
the display panel 10, the maximum supply current is 10A, whereby the line width of the first and second current supplying
lines PL1 and PL2 is reduced from 80 nm to 66.4 um. As a result, the area size ratio that the first and second current
supplying lines PL1 and PL2 occupy in the display panel 10 is reduced from 16.3% to 13%, whereby the aperture ratio
is increased from 43% to 46.3%. Also, the lifespan can be improved about 16% by restricting the current ’I’ supplied to
the organic light-emitting diode. Here, if the reference current value (Zlth) is equal to or more than 80% of the maximum
consumption current, the maximum supply current supplied from the power supply 40 to the first and second current
supplying lines PL1 and PL2 is equal to or more than 10A, so that the effect of the aperture ratio and lifespan improvement
is not large since the line width of the first and second current supplying lines PL1 and PL2 is increased. Therefore, in
the current exemplary embodiment, the reference current value (ZIth) is equal to or less than 80% of the total consumption
current of the display panel 10.

[0088] When the reference current value is restricted to 15% of the total consumption current, the maximum supply
current is 1.875A, whereby the line width of the first and second current supplying lines PL1 and PL2 is reduced from
83 pmto 12.45 um. As a result, the area size ratio that the first and second current supplying lines PL1 and PL2 occupy
in the display panel 10 is reduced from 16.3% to 2.4%, whereby the aperture ratio is increased from 43% to 56.8%.
Also, the lifespan can be improved about 75% by restricting the current | supplied to the organic light-emitting diode
OLED. Therefore, since the amount of an electrical current used in the display panel 10 is reduced, the power consumption
is reduced. However, if the reference current value (Zlth) is lowered to less than 15% of the maximum consumption
current, an electrical current supplied to the first and second current supplying lines PL1 and PL2 is so small, that the
whole brightness of the display panel 10 is reduced. Therefore, according to the current exemplary embodiment, the
reference current value includes a value between 15% and 80% of the total consumption current of the display panel 10.

10



10

15

20

25

30

35

40

45

50

55

EP 1 942 485 A2

[0089] As described above, according to an exemplary embodiment, an electrical current supplied to the display panel
10 is restricted to less than the reference current value (Zlth) which is in a range of 15% to 80% of the maximum
consumption current of the display panel 10, thereby reducing the line width of the current supplying line PL2 which
supplies a driving voltage of the organic light-emitting diode OLED and improving the aperture ratio. Also, since the line
width of the current supplying line PL2 is reduced, the contact area size between the current supplying line PL2 and the
circuit board (not shown) is reduced, whereby the process for contacting the current supplying line PL2 and the circuit
board is simplified, leading to a low manufacturing cost.

[0090] Furthermore, since an electrical current used in the display panel 10 is reduced, the power consumption is low.
Besides, since the amount of an electrical current supplied to the organic light-emitting diode OLED is reduced, the
calorific value of the organic light-emitting diode OLED is reduced, thereby improving the lifespan.

[0091] While the present invention has been shown and described with reference to some exemplary embodiments
thereof, it should be understood by those of ordinary skill in the art that various changes in form and details may be
made therein without departing from the spirit and the scope of the present invention as defined in the appending claims.

Claims
1. An organic light emitting display device, comprising:

a display panel which comprises gate lines, data lines, and pixel cells;

a power supply which supplies an electrical current to the display panel;

a scan driver which supplies a scan signal to the gate line;

a data driver which supplies a data voltage to the data line;

a timing controller which supplies a control signal to the scan driver and the data driver, respectively, and an
converted pixel data signal to the data driver;

a gradation converter which converts a gradation of a pixel data signal inputted from an external portion and
supplies the converted pixel data signal to the timing controller; and

a scale parameter generator which generates a scale parameter through the converted pixel data signal and
supplies the scale parameter to the gradation converter when a next pixel data signal is inputted to the gradation
converter.

2. The organic light emitting display device of claim 1, wherein the display panel further comprises first and second
current supplying lines which are formed respectively parallel with the gate lines and data lines, are electrically
connected to each other, and supply an electrical current from the power supply.

3. The organic light emitting display device of claim 2, wherein a line width of the first and second current supplying
lines comprises a range of approximately 12 um to approximately 67 pm.

4. The organic light emitting display device of claim 3, wherein each pixel cell comprises:

a first transistor which is electrically connected to the gate lines and data lines and is turned on when the scan
signal is applied;

a storage capacitor which is electrically connected to the first transistor and the current supplying line and
charges a data voltage supplied from the first transistor; and

a second transistor which is electrically connected to the storage capacitor and the current supplying line and
controls an amount of an electrical current supplied from the current supplying line according to the data voltage
discharged from the storage capacitor.

5. The organic light emitting display device of claim 4, wherein the gradation converter multiplies the pixel data signal
inputted from the external portion by the scale parameter supplied from the scale parameter generator, to thereby
supply the converted pixel data signal.

6. The organic light emitting display device of claim 5, wherein the scale parameter generator comprises:
a current calculator which adds a total sum of the gradation-converted pixel data signals inputted from the
gradation converter, to supply a total current value;

a current comparator which compares the total current value of the current calculator to a reference current value;
a first scale parameter output portion which outputs a scale parameter having a smaller value than a scale

11



10

15

20

25

30

35

40

45

50

55

7.

10.

11.

12,

13.

EP 1 942 485 A2

parameter calculated from previous frame data when the total current value is larger than the reference current
value; and

a second scale parameter output portion which outputs a scale parameter having a larger value than a scale
parameter calculated from previous frame data when the total current value is smaller than the reference current
value.

The organic light emitting display device of claim 5, wherein the scale parameter generator comprises:

a current calculator which adds a total sum of the gradation-converted pixel data signals inputted from the
gradation converter, to supply a total current value;

a first current comparator which compares the total current value to an upper limit reference current value having
a larger value than the reference current value at a boundary of the reference current value;

a second current comparator which compares the total current value to a lower limit reference current value
having a lower value than the reference value at a boundary of the reference current value;

a first scale parameter output portion which outputs a scale parameter having a smaller value than the scale
parameter calculated when the total current value is larger than the upper limit reference current value;

a second scale parameter output portion which outputs a scale parameter which has a larger value than the
scale parameter when the total current value is smaller than the lower limit reference current value; and

a third scale parameter output portion which outputs the scale parameter when the total current value includes
a value between the upper and lower limit reference current values.

The organic light emitting display device of claim 7, wherein the reference current value comprises a value of
approximately 15% to approximately 80% of a maximum value of the pixel data signal inputted from the external
portion.

The organic light emitting display device of claim 8, wherein the scale parameter is larger than 0 and less than 1.
The organic light emitting display device of claim 1, further comprising:

a second gradation converter which is formed between the gradation converter and the timing controller, which
converts the pixel data signal converted in the gradation converter to a pixel data signal of red, green, blue and
white.

The organic light emitting display device of claim 10, wherein the scale parameter generator generates the scale
parameter through the pixel data signal of red, green, blue and white supplied from the second gradation converter,
and supplies the scale parameter to the gradation converter.

The organic light emitting display device of claim 11, wherein the gradation converter multiplies the pixel data signal
inputted from the external portion by the scale parameter supplied from the scale parameter generator, to output
the converted pixel data signal.

The organic light emitting display device of claim 12, wherein the scale parameter generator comprises

a current calculator which adds a total sum of the gradation-converted pixel data signals inputted from the gradation
converter, to supply a total current value;

a current comparator which compares the total current value of the current calculator to a reference current value;
afirst scale parameter output portion which outputs a scale parameter having a smaller value than a scale parameter
calculated from previous frame data when the total current value is larger than the reference current value; and

a second scale parameter output portion which outputs a scale parameter having a larger value than a scale
parameter calculated from previous frame data when the total current value is smaller than the reference current
value.

14. The organic light emitting display device of claim 12, wherein the scale parameter generator comprises:

a current calculator which adds a total sum of the gradation-converted pixel data signals inputted from the
gradation converter, to supply a total current value;

a first current comparator which compares the total current value to an upper limit reference current value having
a larger value than the reference current value at a boundary of the reference current value;

a second current comparator which compares the total current value to a lower limit reference current value
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having a lower value than the reference value at a boundary of the reference current value;

a first scale parameter output portion which outputs a scale parameter having a smaller value than the scale
parameter when the total current value is larger than the upper limit reference current value;

a second scale parameter output portion which outputs a scale parameter includes a larger value than the scale
parameter when the total current value is smaller than the lower limit reference current value; and

a third scale parameter output portion which outputs the scale parameter when the total current value comprises
a value between the upper and lower limit reference current values.

15. The organic light emitting display device of claim 14, wherein the scale parameter is larger than 0 and less than 1.

16. A method for driving an organic light emitting display device, the method comprising:

17.

18.

19.

20.

21.

22,

multiplying, via a gradation converter, a pixel data signal inputted from an external portion by a scale parameter
generated through a pixel data signal of a previous frame and supplying a gradation-converted pixel data signal
to a timing controller;

generating a scale parameter through the converted pixel data signal supplied from the gradation converter;
supplying, via the timing controller the gradation-converted pixel data signal to a data driver;

converting, via the data driver, a data voltage of the gradation-converted pixel data signal and supplying the
data voltage to a display panel whenever a scan signal is supplied from a scan driver;

supplying, via a power supply, a power signal to first and second current supplying lines; and

supplying the power signal to an organic light emitting diode of the display panel.

The method of claim 16, wherein generating the scale parameter comprises:

adding a total sum of the gradation-converted pixel data signals from the gradation converter, to generate a
total current value;

comparing the total current value to a reference current value;

supplying a scale parameter having a smaller value than the scale parameter of a previous frame to the gradation
converter when the total current value is larger than the reference current value; and

supplying a scale parameter having a larger value than the scale parameter of the previous frame to the gradation
converter when the total current value is smaller than the reference current value.

The method of claim 16, further comprising:

setting an upper limit reference current value which is larger than the reference current value and a lower limit
reference current value which is smaller than the reference current value, at a boundary of the reference current
value;

comparing the total current value to the upper limit reference current value;

supplying the scale parameter having a smaller value than the scale parameter of the previous frame to the
gradation converter when the total current value is larger than the upper limit reference current value, and
comparing the total current value to the lower limit reference current value when the total current value is smaller
than the upper limit reference current value; and

supplying the scale parameter having a larger value than the scale parameter of the previous frame to the
gradation converter when the total current value is smaller than the lower limit reference current value, and
supplying the scale parameter of the previous frame to the gradation converter when the total current value is
larger than the lower limit reference current value.

The method of claim 18, wherein the reference current value is set to approximately 15% to approximately 80% of
a maximum consumption current value of the display panel.

The method of claim 19, wherein the scale parameter comprises a value between 0 and 1.
The method of claim 16, further comprising:

converting, via the gradation converter, the gradation-converted pixel data signal to a pixel data signal of red,
green and blue.

The method of claim 21, further comprising:

13



10

15

20

25

30

35

40

45

50

55

EP 1 942 485 A2

supplying the pixel data signal of red, green and blue to the scale parameter generator.

23. The method of claim 22, wherein generating the scale parameter comprises:

adding a total sum of the gradation-converted pixel data signals from the gradation converter, to generate a
total current value;

comparing the total current value to a reference current value;

supplying a scale parameter having a smaller value than the scale parameter of the previous frame to the
gradation converter when the total current value is larger than the reference current value; and

supplying a scale parameter having a larger value than the scale parameter of the previous frame to the gradation
converter when the total current value is smaller than the reference current value.

24. The method of claim 21, further comprising:

setting an upper limit reference current value which is larger than the reference current value and a lower limit
reference current value which is smaller than the reference current value, at a boundary of the reference current
value;

comparing the total current value to the upper limit reference current value;

supplying the scale parameter having a smaller value than the scale parameter of the previous frame to the
gradation converter when the total current value is larger than the upper limit reference current value, and
comparing the total current value to the lower limit reference current value when the total current value is smaller
than the upper limit reference current value; and

supplying the scale parameter having a larger value than the scale parameter of the previous frame to the
gradation converter when the total current value is smaller than the lower limit reference current value, and
supplying the scale parameter of the previous frame to the gradation converter when the total current value is
larger than the lower limit reference current value.

25. The method of claim 24, wherein the reference current value is set to approximately 15% to approximately 80% of

26.

a maximum consumption current value of the display panel.

The method of claim 25, wherein the upper limit reference current value comprises a value between the reference
current value and a value which is 20% larger than the reference current value, and the lower limit reference current
value comprises a value between the reference current value and a value which is 20% smaller than the reference
current value.

27. The method of claim 26, wherein the scale parameter comprises a value between 0 and 1.
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