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displayed.

' RECEINVE INPUT IMAGE DATA

el

SEY A FIRGT LOAD VALLE T0 A
LARGEST DHE OF LOAD VALLES FOR
SUB-PIREL COLORS

{

CALCOLATE A FIRST CORRECTION FACTOR

BI5G-

SUAL) o

COLOH BATA 7

—TRRT HWABE DATA = %

i,

e

CALCILATE. 4 SECONE LOM) VALUE BASED DM
{HAGE DATA FOR THE JUB-PIXEL COLORS
AND CHRRENT CONTRIBUTION YEIGHTS

!
DERIVE A GLUOHD THRESHILD
LG8 VALUE
:
E CALCULATE A BECCHD CORRECTION FACTOR '»WSE’Z{}

i

3260

]

COMVERT THE [NPUT IMAGE DATA NI QUTPUT ITHMAGE
DATA RASED ON DUTPUT CORRECTION FACTUR

- 5280

i

GISPLAY AN IMABE CORRESPONDING TO THE DUTRUT

5280

IMAGE DATA

{ END )



Jun. 8,2017 Sheet 1 of 9 US 2017/0162098 A1

Patent Application Publication

00 -

ANV AYTdSIG

P S 209
L

]

o
&

068 -

HIAHOE YIYO

-

YT TIMINGD
TG ONIKLL

A

0001

e
O

oay

L Ol

IO

HALSIY

/
f
004



Jun. 8,2017 Sheet 2 of 9 US 2017/0162098 A1

Patent Application Publication

YL

s
il
i

v

|

/

HOLVHINIS YIVO |

SOVAL

1400

24S {HDTLIZHEOD (OND

HOLY NSO oL

£,
S

2090

HOLOH135

450

| HOLO3HHO0 |

HALY

WY HLS

1A% 1 NOTIOTHHOD 15841

HOLY NI W
HUWA
Q0T N5

(Y0

oY
HIWA

91 15414

/

| 025
¥OOS

¢ 9ld

Big

Y193



Patent Application Publication  Jun. 8,2017 Sheet 3 of 9

FIG. 3

US 2017/0162098 A1

RECEIVE INPUT IMAGE DATA

8110

MAM*NWMEMM%?MWN__
LOAD VALUES FOR SUB-PIXEL COLORS |

CALCULATE A FIRST CURRECTION FACTR

CALCULATE & SEZSQNS LOAD YALLE BAGED O
FMARE &MA DR THE SUB-PIXEL COLORS AND
CURRENT CONTRIBUTION BEIGHTS

DERIVE A SECOND THRESHOLD LOAD VALUE

CALCULATE A SECOND CORRECTION FACTOR

SELECT ONF OF THE FIRST CORRECTION FACTOR |
AND THE SECOND CORRECTION FACTOR A5 Ay @'
QUTPUT CORRECTION FACTOR

4

- CONVERT THE INPUT 1A
- IMAGE DATA 8& SED OGN T
FACTOR

it DATA

C

T QUTRLT
HE DUTPUT CORRECT ION

8180

DISPLAY AN IMAGE CORRESPOMDIN
WAGE TIAT

5150




Patent Application Publication  Jun. 8,2017 Sheet 4 of 9 US 2017/0162098 A1

FIG. 4

i i S b [ 3
0 10 20 30 40 50 60 0 B0 S0 100 LOAD(Y)

FIG. 5

SUM_ODATA

A

5

/’

T

£

S

&

¥

L

v

f

¥

‘ 3

i H

e :

- §.

3 &

N i ! t ! ; ; i {

R t
010 20 30 40 50 60 7D B0 80 100 LOAD(Y)

<,



Patent Application Publication  Jun. 8,2017 Sheet 5 of 9 US 2017/0162098 A1

FIG. 6

4l

H 3 ® i i I

£ F ¥
O 10 20 30 40 A0 B0 70 8D 80 100 LDADOW

o b e st

T R




Jun. 8,2017 Sheet 6 of 9 US 2017/0162098 A1

Patent Application Publication

FIG. 8

e S i

D COLOR

.

Wi

a0

L0

L1

L 4t

FIG. 9

5
H

LE COLOR

NG

A
3y

IXED COLOR

i
b

¥

L AL A4 N R A2, R IR B

s s et S

e

Ld



Jun. 8,2017 Sheet 7 of 9 US 2017/0162098 A1

Patent Application Publication

YLV

095 ¥ 08y 505
M ; = m
! e LY T WO |
! HOLY WO HOLOVA] i ;
; 235 TNOTLOTHHOD ONODIS | 20901 | s o ;

HOLYE N30 Yivd

gyl INding

145

HOLY WG
MO LT 30E00

HOL YA

¥01 ONODES

1Sdid | el

o

LY

HAZATYNY
yivd HOval

YA

i’ ? 7
; % %
Doy 15

BO0Y

Ol

014

¥y



Jun. 8,2017 Sheet 8 of 9 US 2017/0162098 A1

Patent Application Publication

EEFAT

0528~

Yi¥G J09vR1

104100 3HL DL ONIGHOJSTHY0D 3091 NY AYIdE 1D

i

209H1 LNING OIN

HOLOY- NOTIOIHHOD 1NdIN0 NO GISvE VIV
YI¥Q 39VRI ANAND M HIANDD

i

HOLOYd NOELOZHHOD GROTES Y ZLYINDTVO

;

YA WU
OHSEEHT QNS ¥ 3A1H30

_,

SIHGIAR MO NS HINGD INZHEI (NY
SHOTOD 3 d-805 3L 804 YiYE J0vHl
EQ 3598 3NTYA 00T ONODES ¥ ALVTHDTwWo

45

4 HOLLOZHYOD 1844 YV AUV

!

{5

SHOTG X G-808
HO4 SFTYA 4900 40 N0 1530dYT
¥ 0L AYA CY0T aummw ¥ 145

”,<)\\ C?\N.

Yiva HOWD

= _IIENIS = VIO TOVAL 1NN

£ e 2 .}fi..rm.tr s
0228 ;sfs;;szﬁ\sx\xxx\x

BLEG Yiva JOVKI 10dNT FAISDH




Patent Application Publication  Jun. 8,2017 Sheet 9 of 9 US 2017/0162098 A1

FIG. 12

, B
144 ;

,\ / :
139 !j f.f G
P A o
B / /’/ g .

i
L4 L3 L2 4 LOAD



US 2017/0162098 A1l

ORGANIC LIGHT EMITTING DISPLAY
DEVICE AND METHOD OF DRIVING THE
SAME

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority under 35 U.S.C.
§119 to Korean patent Application No. 10-2015-0173829,
filed on Dec. 8, 2015, the disclosure of which is hereby
incorporated by reference herein in its entirety.

TECHNICAL FIELD

[0002] Example embodiments of the present inventive
concept relate to display devices. More particularly, example
embodiments of the present inventive concept relate to an
organic light emitting display device and method for driving
the organic light emitting display device.

DISCUSSION OF THE RELATED ART

[0003] An organic light emitting diode (OLED) display
device is a display device that generates images using
organic light emitting diodes (OLEDs). The organic light
emitting diode includes an organic layer disposed between
two electrodes, namely, an anode and a cathode. The holes
from the anode may be combined with the electrons from the
cathode within the organic layer that is disposed between the
anode and the cathode. As the holes combine with the
electrons, light is emitted.

[0004] The power consumption of the organic light emit-
ting display device increases as a size or a resolution of the
display device increases. In this case, a magnitude of a
driving current flowing through a display panel can sharply
increase as a load value of image data increases. Accord-
ingly, methods of restricting the driving current of the
organic light emitting display device by adjusting the input
image data have been developed. However, the luminance of
the display device might be excessively decreased when the
magnitude of the driving current is restricted.

SUMMARY

[0005] A method of driving an organic light emitting
display device includes receiving input image data repre-
senting an image comprising a plurality of pixels, each of the
plurality of pixels comprising a plurality of sub-pixels. A
load value is determined for each of the plurality of sub-
pixels for each of the plurality of pixels based on the
received input image data. A first load value is set as equal
to a largest one of the load values determined for each of the
plurality of sub-pixels for each of the plurality of pixels. A
first correction factor is calculated that decreases as the first
load value increases, when the first load value is greater than
a first threshold load value. A second load value is calculated
based on the input image data representing the plurality of
sub-pixels of the plurality of pixels and current contribution
weights for the plurality of sub-pixels. A second correction
factor is calculated that decreases as the second load value
increases, when the second load value is greater than a
second threshold load value. Either the first correction factor
or the second correction factor is selected as an output
correction factor. The input image data is converted into
output image data based on the output correction factor. An
image corresponding to the output image data is displayed.
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[0006] An organic light emitting display device includes a
display panel including a plurality of pixels. A scan driver is
configured to provide a scan signal to each of the plurality
of pixels. A data driver is configured to provide a data signal
to each of the plurality of pixels. A data adjuster is config-
ured to set an output correction factor such that a constant
driving current flows through the display panel when a load
value of input image data provided thereto is greater than a
first threshold load value, and configured to convert the input
image data into output image data based on the output
correction factor. A timing controller is configured to control
the scan driver and the data driver to display an image
corresponding to the output image data on the display panel.
[0007] A method for driving an organic light emitting
display device includes receiving image data. Image driving
data is generated for displaying the received image data on
a plurality of pixels. Pixel load values are determined from
the generated image driving data. Two different correction
factors are calculated for reducing the pixel load values
when the pixel load values exceed two different predeter-
mined thresholds, respectively. The two different correction
factors are switched between based on whether the image
data is single-color image data or multi-color image data.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] A more complete appreciation of the present dis-
closure and many of the attendant aspects thereof will be
readily obtained as the same becomes better understood by
reference to the following detailed description when con-
sidered in connection with the accompanying drawings,
wherein:

[0009] FIG. 1 is a block diagram illustrating an organic
light emitting display device according to exemplary
embodiments of the present invention;

[0010] FIG. 2 is a block diagram illustrating a data
adjuster included in an organic light emitting display device
of FIG. 1, according to exemplary embodiments of the
present invention;

[0011] FIG. 3 is a flow chart illustrating a method of
driving an organic light emitting display device by a data
adjuster of FIG. 2, according to exemplary embodiments of
the present invention;

[0012] FIGS. 4 through 6 are graphs illustrating a driving
current being restricted in a maximum load manner, accord-
ing to exemplary embodiments of the present invention;
[0013] FIG. 7is a graph illustrating a driving current being
restricted in a current contribution manner, according to
exemplary embodiments of the present invention;

[0014] FIGS. 8 and 9 are graphs illustrating a driving
current being restricted according to input image data,
according to exemplary embodiments of the present inven-
tion;

[0015] FIG. 10 is a block diagram illustrating a data
adjuster included in an organic light emitting display device
of FIG. 1, according to exemplary embodiments of the
present invention;

[0016] FIG. 11 is a flow chart illustrating a method of
driving an organic light emitting display device performed
by a data adjuster of FIG. 10, according to exemplary
embodiments of the present invention; and

[0017] FIG. 12 is a graph illustrating the restriction of a
driving current according to input image data, according to
exemplary embodiments of the present invention.
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DESCRIPTION OF EMBODIMENTS

[0018] Exemplary embodiments will be described more
fully hereinafter with reference to the accompanying draw-
ings, in which various embodiments are shown.

[0019] FIG. 1 is a block diagram illustrating an organic
light emitting display device according to exemplary
embodiments of the present invention.

[0020] Referring to FIG. 1, the organic light emitting
display device 1000 may include a display panel 100, a scan
driver 200, a data driver 300, a timing controller 400, and a
data adjuster 500.

[0021] The display panel 100 may be connected to the
scan driver 200 via scan lines SL1 through SLn. The display
panel 100 may be connected to the data driver 300 via data
lines DL1 through DLm. The display panel 100 may include
n*m pixels that are arranged at locations corresponding to
crossing points of the scan lines SL1 through SLn and the
data lines DL1 through DLm.

[0022] The scan driver 200 may provide a scan signal to
the pixels via the scan lines SL through SLn based on a
second control signal CTL2.

[0023] The data driver 300 may provide a data signal to
the pixels via the data lines DL1 through DLm based on a
first control signal CTL1.

[0024] The data adjuster 500 may set an output correction
factor such that a constant driving current flows through the
display panel 100 when a load value of input image data
IDATA is greater than a threshold load value. The data
adjuster 500 may convert the input image data IDATA into
output image data ODATA based on the output correction
factor.

[0025] In one exemplary embodiment of the present
invention, the data adjuster 500 may restrict a current
flowing into the display panel 100 using the output correc-
tion factor that is either a first correction factor derived by
a maximum load manner or a second correction factor
derived by a current contribution manner. In the maximum
load manner, the correction factor (e.g., the first correction
factor) may be calculated based on a maximum value of load
values for sub-pixel colors of the input image data IDATA.
In the current contribution manner, the correction factor
(e.g., the second correction factor) may be calculated based
on a load value derived by applying current contribution
weights to image data for the sub-pixel colors of the input
image data IDATA.

[0026] In one exemplary embodiment of the present
invention, when the input image data IDATA correspond to
single color data, the data adjuster 500 may generate the
output image data ODATA using the first correction factor
derived by the maximum load manner. When the input
image data IDATA correspond to mixed color data, the data
adjuster 500 may generate the output image data ODATA
using the second correction factor derived by the current
contribution manner. Here, the single color may be one of
the colors generated by sub-pixels of each pixel. For
example, when each pixel includes a red color sub-pixel, a
green color sub-pixel, a blue color sub-pixel, and a white
color sub-pixel, the single color can correspond to red,
green, blue, or white.

[0027] Hereinafter, a structure of data adjuster 500 will be
described in more detail with reference to the FIGS. 2 and
10.

[0028] The timing controller 400 may generate the first
control signal CTL1 and the second control signal CTL2 and
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may control the scan driver 200 and the data driver 300 to
display an image corresponding to the output image data
ODATA.

[0029] In addition, the organic light emitting display
device 1000 may further include a power supply providing
high power voltage and low power voltage to the display
panel 100, an emission driver providing an emission control
signal to the pixels, etc.

[0030] Therefore, the organic light emitting display device
1000 may set the output correction factor using the maxi-
mum load manner or the current contribution marner
according to a type of the input image data IDATA. Accord-
ingly, when the organic light emitting display device 1000
displays images corresponding to the mixed color, the
organic light emitting display device 1000 may prevent
overcurrent flowing through the display panel 100, thereby
preventing the deterioration of pixels and reducing the
power consumption of the display panel 100. In addition,
when the organic light emitting display device 1000 displays
images corresponding to the single color, the organic light
emitting display device 1000 can reduce the luminance
degradation and increase the visibility of the display device
by setting the threshold load value to a different value for
each of the sub-pixel colors.

[0031] Although the example embodiments of FIG. 1
describe that the data adjuster 500 may adjust the input
image data IDATA and provide the output image data
ODATA to the timing controller 400, the data adjuster 500
can adjust the image data in various locations. For example,
the data adjuster may be included in the timing controller or
the data driver.

[0032] FIG. 2is a block diagram illustrating an example of
a data adjuster 500 included in an organic light emitting
display device of FIG. 1. FIG. 3 is a flow chart illustrating
one example of a method of driving an organic light emitting
display device performed by a data adjuster of FIG. 2,
according to exemplary embodiments of the present inven-
tion.

[0033] Referring to FIGS. 2 and 3, the data adjuster 500A
may include a first load value calculator 510, a first correc-
tion factor calculator 520, a second load value calculator
530, a second correction factor calculator 540, a correction
factor selector 550, and an output image data generator 560.
[0034] The data adjuster 500A may receive input image
data IDATA (S110).

[0035] The first load value calculator 510 may set a first
load value LOADI to a largest load value of the load values
for sub-pixel colors of the input image data IDATA (5120).
For example, each pixel may include a red color sub-pixel,
a green color sub-pixel, a blue color sub-pixel, and a white
color sub-pixel. The first load value calculator 510 may
calculate the first load value LOAD1 according to [Equation

1.

Z Rin [Equation 1]
LOAD! =MAX{| —=—|,
{[SUM(Rmax)]
> Gin > Bin > Win
SUM(Gmax) | | SUM(Bmax) [ | SUM(Wmax) |[°

[0036] wherein Rin, Gin, Bin, and Win respectively indi-
cate red color image data, green color image data, blue color
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image data, and white color image data included in the input
image data. SUM(Rmax), SUM(Gmax), SUM(Bmax), and
SUM(Wmax) respectively indicate a first total sum of maxi-
mum values for red color image data, a second total sum of
maximum values for green color image data, a third total
sum of maximum values for blue color image data, and a
fourth total sum of maximum values for white color image
data. For example, the first load value LOAD1 may be
greater than or equal to 0, and lesser than or equal to 1.
[0037] The first correction factor calculator 520 may cal-
culate a first correction factor SF1 that decreases as the first
load value increases when the first load value LOAD] is
greater than a first threshold load value (S130). Here, the
first threshold load value and the first correction factor SF1
are greater than or equal to 0, and lesser than or equal to 1.
The first correction factor calculator 520 may set the first
correction factor SF1 such that a constant driving current
flows through the display panel when the first load value
LOADI1 is greater than the first threshold load value. In one
exemplary embodiment of the present invention, the first
correction factor SF1 may be set to 1 when the first load
value LOADI is lesser than or equal to the first threshold
load value. The first correction factor SF1 may be set to a
value derived by dividing the first threshold load value by
the first load value LOAD1 when the first load value
LOADL1 is greater than the first threshold load value.
[0038] The second load value calculator 530 may calculate
a second load value based on image data for the sub-pixel
colors of the input image data IDATA and current contribu-
tion weights for the sub-pixel colors (S140). Here, each
current contribution weight indicates a degree to which each
sub-pixel color contributes to the driving current. For
example, the second load value calculator 530 may calculate
the second load value LOAD2 according to [Equation 2].

[Equation 2]

(Wrs > Rin) + (Wgs )" Gin)+
(Wb )" Bin)+ (Wws ) Win)

LOAD2 = .
(Wr + Wg + Wb + Wn)(SUM (max))

[0039] wherein Rin, Gin, Bin, and Win respectively indi-
cate red color image data, green color image data, blue color
image data, and white color image data included in the input
image data. Wr, Wg, Wb, and Ww respectively indicate a
first current contribution weight for red color, a second
current contribution weight for green color, a third current
contribution weight for blue color, a fourth current contri-
bution weight for white color, and SUM(max) indicates a
total sum of maximum value of image data.

[0040] The second correction factor calculator 540 may
derive a second threshold load value corresponding to a
threshold current value (S150) and may calculate a second
correction factor SF2 that decreases as the second load value
LOAD?2 increases, when the second load value LOAD2 is
greater than a second threshold load value (S160). In one
exemplary embodiment of the present invention, the second
correction factor SF2 may be set to 1 when the second load
value LOAD?2 is smaller than or equal to the second thresh-
old load value and the second correction factor SF2 may be
set to a value derived by dividing the second threshold load
value by the second load value LOAD2 when the second
load value LOAD?2 is greater than the second threshold load
value.
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[0041] A magnitude of the driving current flowing through
the display panel may be restricted based on the threshold
current value. The second threshold load value may be set to
aload value corresponding to a point at which the magnitude
of the driving current reaches the threshold current value. In
one exemplary embodiment of the present invention, the
second threshold load value may be determined such that a
first ratio of the threshold current value to an estimated
current value corresponding to the first threshold load value
is substantially the same as a second ratio of the second
threshold load value to the first threshold load value.
[0042] The correction factor selector 550 may select either
the first correction factor SF1 or the second correction factor
SF2 as the output correction factor SOF (S170). In one
exemplary embodiment of the present invention, the correc-
tion factor selector 550 may select a smaller one of the first
correction factor SF1 and the second correction factor SF2
as the output correction factor OSF. In this case, the over-
current occurring when the image data correspond to mixed
color data (e.g., cyan, magenta, yellow, etc.) can be pre-
vented, thereby reducing deterioration of pixels.

[0043] The output image data generator 560 may convert
the input image data IDATA into the output image data
ODATA based on the output correction factor OSF (S180).
In one exemplary embodiment of the present invention, the
output image data generator 560 may generate the output
image data ODATA by multiplying the input image data
IDATA by either the first correction factor SF1 or the second
correction factor SF2 (e.g., the output correction factor
OSD).

[0044] The display panel may display an image corre-
sponding to the output image data ODATA (5190). For
example, the timing controller may generate control signals
for displaying the output image data ODATA and may
provide the control signals to the scan driver and the data
driver.

[0045] FIGS. 4 through 6 are graphs illustrating a driving
current restricted in a maximum load manner, according to
exemplary embodiments of the present invention.

[0046] Referring to FIGS. 4 through 6, in the maximum
load manner, the first load value may be set to a largest load
value for sub-pixel colors of the input image data. There-
after, a first correction factor may be calculated based on the
first load value and the first threshold load value that is
predetermined. When the first load value is greater than the
first threshold load value, a magnitude of the driving current
flowing through the display panel may be uniform regardless
of the first load value.

[0047] As shown in FIG. 4, the first correction factor SF
may be calculated using the maximum load manner. When
the first load value LOAD is greater than the first threshold
load value, the first correction factor may be set such that a
constant driving current flows through the display panel. For
example, when the first load value LOAD is lesser than the
first threshold load value (e.g., 30%), the first correction
factor SF may be set to 1. When the first load value LOAD
is greater than the first threshold load value (e.g., 30%), the
first correction factor SF may be calculated by dividing the
first threshold load value by the first load value LOAD.
[0048] As shown in FIG. 5, in the maximum load manner,
the output image data may be generated by adjusting the
input image data using the first correction factor. When a
sum of the input image data linearly increases as the load
value LOAD increases, a relationship between the load
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value LOAD and the sum SUM_ODATA of the output
image data that is generated by applying the correction
factor to the input image data, for example, as is described
in FIG. 5. In one exemplary embodiment of the present
invention, the output image data may be generated by
multiplying the input image data IDATA by the first correc-
tion factor. For example, when the first load value LOAD is
lesser than the first threshold load value (e.g., 30%), the first
correction factor may be setto 1, and the sum SUM_ODATA
of the output image data may increase as the first load value
LOAD increases. In addition, when the first load value
LOAD is greater than the first threshold load value (e.g.,
30%), the first correction factor is in inversely proportional
to the first load value LOAD and the sum SUM_ODATA of
the output image data may be maintained at a substantially
constant value.

[0049] As shown in FIG. 6, the driving current ID flowing
through the display panel may be proportional to the sum
SUM_ODATA of the output image data. For example, when
the first load value LOAD is lesser than the first threshold
load value 30%, the driving current ID flowing through the
display panel may increase as the first load value LOAD
increases because the sum SUM_ODATA of the output
image data increases in proportion to the first load value
LOAD. When the first load value LOAD is greater than the
first threshold load value 30%, the first correction factor is
inversely proportional to the first load value LOAD and the
magnitude of the driving current ID may be maintained at a
uniform value. Because the maximum load manner does not
consider the efficiency difference among sub-pixel colors,
the magnitudes of the driving currents ID for each sub-pixel
colors are different from each other. For example, efficien-
cies of sub-pixel colors are higher in the order of “a white
sub-pixel (W)>a green sub-pixel (G)>a red sub-pixel (R)>a
blue sub-pixel (B)”. In this case, the magnitude of the
driving current ID is the greatest when the image data
correspond to the blue color data is in the same load value
condition. Also, the magnitude of the driving current ID is
the smallest when the image data correspond to the white
color data is in the same load value condition.

[0050] Therefore, if the input image data is adjusted using
the maximum load manner without considering the effi-
ciency difference among sub-pixel colors, the driving cut-
rent can be restricted at the same threshold load value
regardless a type of sub-pixel color. Accordingly, the lumi-
nance of the display device can decrease because the current
is restricted even when the image data correspond to white
color data or green color data of which efliciencies are
relatively high and to which a current restriction operation is
not needed.

[0051] FIG. 7 is a graph illustrating a driving current
restricted in a current contribution manner, according to
exemplary embodiments of the present invention.

[0052] Referring to FIG. 7, in the current contribution
manner, the second load value LOAD may be calculated by
applying current contribution weights to image data for the
sub-pixel colors. Because the driving current ID is restricted
at the threshold current value ITH in current contribution
manner, the second threshold load value corresponding to
the threshold current value ITH may be calculated according
to the input image data. For example, when the input image
data correspond to the white color data (W) of which
emission efficiency is relatively high, the second threshold
load value may be set to the first threshold value L.1. When
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the input image data correspond to the green color data (G),
the second threshold load value may be set to the second
threshold value L2 that is less than the first threshold value
L1. When the input image data correspond to the magenta
color data (M) of which emission efficiency is relatively low,
the second threshold load value may be set to the third
threshold value L3 that is less than the second threshold
value L2.

[0053] In the current contribution manner, the driving
current may be restricted at the same threshold current value
ITH regardless of the input image data. Thus, the second
threshold load value may be adjusted according to the input
image data. For example, an image having a mixed color
pattern may be displayed using red color sub-pixel, green
color sub-pixel, and blue color sub-pixel of which efficien-
cies are lower than the efficiency of white color sub-pixel. If
the image having the mixed color pattern is displayed with
relatively high luminance, the magnitude of the driving
current ID and the power consumption may increase. To
prevent this, when the image data correspond to the mixed
color data, the second threshold load value may be set to a
relatively small value in comparison when image data
correspond to the single-color data. However, when the
input image data is adjusted using the current contribution
manner without considering efficiencies of sub-pixel colors,
a first luminance corresponding to the mixed color data may
be lower than a second luminance corresponding to single
color data.

[0054] FIGS. 8 and 9 are graphs illustrating a driving
current restricted according to input image data, according to
exemplary embodiments of the present invention.

[0055] Referring to FIGS. 8 and 9, the input image data
may be adjusted using either the maximum load manner or
the current contribution manner, according to the input
image data. For example, when the input image data corre-
spond to the single-color data, the input image data may be
adjusted using the maximum load manner. When the input
image data correspond to the mixed color data, the input
image data may be adjusted using the current contribution
manner.

[0056] As shown in FIG. 8, when the input image data
correspond to the single-color data, the load value LOAD
may be calculated using the maximum load manner, and
then the first threshold load value may be set to the first
threshold value L1. Accordingly, the correction factor SF
may decrease as the load value LOAD increases when the
load value LOAD is greater than the first threshold value 1.
The input image data correspond to the mixed color data, the
load value LOAD, may be calculated using the current
contribution manner, and then the second threshold load
value may be set to the second threshold value 1.2 that is
lower than the first threshold value L1 to restrict the driving
current at the threshold current value. Accordingly, the
correction value SF may decrease as the load value LOAD
increases when the load value is greater than the second
threshold value 1.2.

[0057] As shown in FIG. 9, when the input image data
correspond to the single-color data, the driving current ID
may be restricted using the maximum load manner. There-
fore, the magnitude of the driving current ID flowing
through the display panel may be uniform (e.g., the second
current value 12) when the load value LOAD is greater than
the first threshold value L1.
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[0058] When the input image data correspond to the mixed
color data, the driving current ID may be restricted using the
current contribution manner. If the input image data corre-
spond to the mixed image data and the driving current 1D is
restricted using the maximum load manner, the maximum
magnitude of the driving current ID may be the first current
value I1 corresponding to the first threshold value L1. In this
case, the magnitude of the driving current ID is relatively
large when the image data correspond to the mixed color
data, and then the pixels can be deteriorated and/or the
power consumption can increase. To prevent this, when the
input image data correspond to the mixed color data, the
driving current ID may be restricted using the current
contribution manner, and the magnitude of the driving
current ID flowing through display panel may be the thresh-
old current value ITH when the load value LOAD is greater
than the second threshold value L2. In one exemplary
embodiment of the present invention, the second threshold
load value may be determined such that a first ratio of the
threshold current value to an estimated current value corre-
sponding to the first threshold load value is substantially the
same as a second ratio of the second threshold load value to
the first threshold load value. For example, the first ratio of
the threshold current value ITH to the first current value 11
may be substantially the same as the second ratio of the
second threshold value L2 to the first threshold value L1.

[0059] FIG. 10 is a block diagram illustrating a data
adjuster included in an organic light emitting display device
of FIG. 1 according to exemplary embodiments of the
present invention. FIG. 11 is a flow chart illustrating a
method of driving an organic light emitting display device
performed by a data adjuster of FIG. 10 according to
exemplary embodiments of the present invention.

[0060] Referring to FIGS. 10 and 11, the data adjuster
500B may include an image data analyzer 505, a first load
value calculator 510, a first correction factor calculator 520,
a second load value calculator 530, a second correction
factor calculator 540, and an output image data generator
560. The data adjuster 500B, according to an exemplary
embodiment of the present invention, is substantially the
same as the data adjuster described above with respect to
FIG. 2, except that the image data analyzer 505 is added and
the correction factor selector is excluded. Therefore, the
same reference numerals will be used to refer to the same or
like parts as those described in the previous exemplary
embodiment of FIG. 2, and any omitted explanation may be
assumed to be similar to or the same as the explanation
provided with respect to FIG. 2.

[0061] The data adjuster 500B may receive input image
data IDATA (S210).

[0062] The image data analyzer 505 may determine
whether the input image data IDATA correspond to single
color data or mixed color data (8220). For example, the
image data analyzer 505 may determine whether the input
image data IDATA correspond to red color data, green color
data, blue color data, or white color data. The image data
analyzer 505 may provide the input image data IDATA to the
first load value calculator 510 to calculate the correction
factor using the maximum load manner when the input
image data IDATA correspond to the single-color data. The
image data analyzer 505 may provide the input image data
IDATA to the second load value calculator 530 to calculate
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the carrection factor using the current contribution manner
when the input image data IDATA correspond to the mixed
color data.

[0063] When the input image data IDATA correspond to
the single-color data, the first load value calculator 510 may
set a first load value LOADI to a largest load value for
sub-pixel colors of the input image data IDATA (S230). The
first correction factor calculator 520 may calculate a first
correction factor SF1 that decreases as the first load value
increases, when the first load value LOADI is greater than
a first threshold load value (S240). A method of deriving the
first correction factor SF1 using the maximum load manner
by the first load value calculator 510 and the first correction
factor calculator 520 may be similar to the approach
described above.

[0064] When the input image data IDATA correspond to
the mixed color data, the second load value calculator 530
may calculate a second load value based on image data for
the sub-pixel colors of the input image data IDATA and
current contribution weights for the sub-pixel colors (5250).
The second correction factor calculator 540 may derive a
second threshold load value corresponding to a threshold
current value (S260) and may calculate a second correction
factor SF2 that decreases as the second load value LOAD2
increases, when the second load value LOAD?2 is greater
than a second threshold load value (5270). A method of
deriving the second correction factor SF2 using the current
contribution manner by the second load value calculator 530
and the second correction factor calculator 540 may be
similar to the approach described above.

[0065] The output image data generator 560 may convert
the input image data IDATA into the output image data
ODATA based on the first correction factor SF1 or the
second correction factor SF2 (S280).

[0066] The display panel may display an image corre-
sponding to the output image data ODATA (S290).

[0067] FIG. 12 is a graph for describing illustrating a
driving current restricted according to input image data
according to exemplary embodiments of the present inven-
tion.

[0068] Referring to FIG. 12, the first threshold load value
may be set to a different value for each of the sub-pixel
colors when the input image data correspond to the single-
color data. For example, because emission efficiencies of
white color sub-pixel (W) and green color sub-pixel (G) are
relatively high, the magnitude of the driving current ID may
be relatively small (e.g., the first current value 11 and the
second current value 12, respectively) in the same load value
when the input image data correspond to white color data or
green color data. Accordingly, to increase the visibility for
the white color pattern or green color pattern, the first
threshold load value for the white color sub-pixel (W) may
be set to the first threshold value L1 and the first threshold
load value for the green color sub-pixel (G) may be set to the
second threshold value L2, respectively. Because emission
efficiencies of red color sub-pixel (R) and blue color sub-
pixel (B) are relatively low, the magnitude of the driving
current 1D may be relatively large (e.g., the third current
value I3 and the fourth current value 14, respectively) in the
same load value when the input image data correspond to red
color data or blue color data. Accordingly, the first threshold
load value for the red color sub-pixel (R) may be set to the
third threshold value L3 and the first threshold load value for
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the blue color sub-pixel (B) may be set to the fourth
threshold value LA that is lower than the second threshold
value L2, respectively.

[0069] Therefore, when the input image data correspond
to the single-color data, the visibility for the single-color
pattern can be increased by adjusting the first threshold load
value for each sub-pixel color.

[0070] Although an organic light emitting display device
and a method of driving the organic light emitting display
device using the method, according to exemplary embodi-
ments of the present invention have been described with
reference to figures, those skilled in the art will readily
appreciate that many modifications are possible in the
example embodiments without materially departing from
the teachings and aspects of the present disclosure. For
example, although the exemplary embodiments of the pres-
ent invention describe that each pixel includes a red color
sub-pixel, a green color sub-pixel, a blue color sub-pixel,
and a white color sub-pixel, a structure of each pixel is not
limited thereto.

[0071] The present inventive concept may be applied to an
electronic device having the organic light emitting display
device. For example, the present inventive concept may be
applied to a cellular phone, a smart phore, a tablet computer,
a personal digital assistant (PDA), etc.

What is claimed is:

1. A method of driving an organic light emitting display
device, the method comprising:
receiving input image data representing an image com-
prising a plurality of pixels, each of the plurality of
pixels comprising a plurality of sub-pixels;

determining load values for each of the plurality of
sub-pixels for each of the plurality of pixels based on
the received input image data;
setting a first load value as equal to a largest one of the
load values determined for each of the plurality of
sub-pixels for each of the plurality of pixels;

calculating a first correction factor that decreases as the
first load value increases, when the first load value is
greater than a first threshold load value;

calculating a second load value based on the input image

data representing the plurality of sub-pixels of the
plurality of pixels and current contribution weights for
the plurality of sub-pixels;

calculating a second correction factor that decreases as the

second load value increases, when the second load
value is greater than a second threshold load value;
selecting either the first correction factor or the second
correction factor as an output correction factor;
converting the input image data into output image data
based on the output correction factor; and

displaying an image corresponding to the output image

data.

2. The method of claim 1, wherein the second threshold
load value is determined such that a first ratio of a threshold
current value to an estimated current value corresponding to
the first threshold load value is substantially the same as a
second ratio of the second threshold load value to the first
threshold load value.

3. The method of claim 1, wherein the output correction
factor is determined as a smaller one of the first correction
factor and the second correction factor.
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4. The method of claim 1, further comprising:

determining whether the input image data correspond to
single-color data or mixed-color data.

5. The method of claim 4, wherein the output correction
factor is determined to be equal to the first correction factor
when the input image data correspond to the single-color
data and the output correction factor is determined to be
equal to the second correction factor when the input image
data correspond to the mixed-color data.

6. The method of claim 4, wherein the first threshold load
value is set to a different value for each of the sub-pixels of
the plurality of sub-pixels of the plurality of pixels when the
input image data correspond to the single-color data.

7. The method of claim 1, wherein the first correction
factor is set to 1 when the first load value is smaller than or
equal to the first threshold load value and is set to a value
derived by dividing the first threshold load value by the first
load value when the first load value is greater than the first
threshold load value.

8. The method of claim 1, wherein the second correction
factor is set to 1 when the second load value is smaller than
or equal to the second threshold load value and is set to a
value derived by dividing the second threshold load value by
the second load value when the second load value is greater
than the second threshold load value.

9. The method of claim 1, wherein the second load value
is set to a weighted average value of image data for each of
the sub-pixels of the plurality of sub-pixels of the plurality
of pixels and the current contribution weights for the plu-
rality of sub-pixels.

10. The method of claim 1, wherein the output image data
are generated by multiplying the input image data by the
output correction factor.

11. The method of claim 1, wherein the plurality of
sub-pixels of the plurality of pixels includes red-colored
sub-pixels, green-colored sub-pixels, blue-colored sub-pix-
els, and white-colored sub-pixels.

12. An organic light emitting display device comprising:

a display panel including a plurality of pixels;

a scan driver configured to provide a scan signal to each
of the plurality of pixels;

a data driver configured to provide a data signal to each
of the plurality of pixels;

a data adjuster configured to set an output correction
factor such that a constant driving current flows
through the display panel when a load value of input
image data provided thereto is greater than a selected
one of threshold load values, and configured to convert
the input image data into output image data based on
the output correction factor; and

a timing controller configured to control the scan driver
and the data driver to display an image corresponding
to the output image data on the display panel.

13. The display device of claim 12, wherein the data

adjuster includes:

a first load value calculator configured to set a first load
value to a largest load value for sub-pixels of the input
image data;

a first correction factor calculator configured to calculate
a first correction factor that decreases as the first load
value increases when the first load value is greater than
a first threshold load value of the threshold load values;
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a second load value calculator configured to calculate a
second load value based on image data for the sub-pixel
colors of the input image data and current contribution
weights for the sub-pixels;

a second correction factor calculator configured to calcu-
late a second correction factor that decreases as the
second load value increases when the second load value
is greater than a second threshold load value of the
threshold load values; and

an output image data generator configured to generate the
output image data by multiplying the input image data
by the output correction factor, and

wherein the output correction factor is set as equal to
either the first correction factor or the second correction
factor.

14. The display device of claim 13, wherein the second
threshold load value is determined such that a first ratio of
a threshold current value to an estimated current value
corresponding to the first threshold load value is substan-
tially the same as a second ratio of the second threshold load
value to the first threshold load value.

15. The display device of claim 13, wherein the data
adjuster further includes:

a correction factor selector configured to select a smaller
one of the first correction factor and the second cor-
rection factor as the output correction factor.

16. The display device of claim 13, wherein the data

adjuster further includes:

an image data analyzer configured to determine whether
the input image data correspond to single-color data or
mixed-color data.
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17. The display device of claim 16, wherein the output
correction factor is determined as the first correction factor
when the input image data correspond to the single-color
data and is determined as the second correction factor when
the input image data correspond to the mixed color data.

18. The display device of claim 16, wherein the first
threshold load value is set to a different value for each of the
sub-pixels when the input image data correspond to the
single-color data.

19. The display device of claim 13, wherein the first
correction factor calculator sets the first correction factor to
1 when the first load value is smaller than or equal to the first
threshold load value and sets the first correction factor 1o a
value derived by dividing the first threshold load value by
the first load value when the first load value is greater than
the first threshold load value.

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

receiving image data;

generating image driving data for displaying the received

image data on a plurality of pixels;

determining pixel load values from the generated image

driving data;

calculating two different correction factors for reducing

the pixel load values when the pixel load values exceed
two different predetermined thresholds, respectively;
and

switching between the two different correction factors

based on whether the image data is single-color image
data or multi-color image data.
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