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(7) ABSTRACT

An organic light emitting display device includes: a display
panel including a plurality of pixels; a controller configured
to correct input image signals supplied from the outside
according to an amount of voltage drop; a data driver
configured to supply data signals corresponding to the
corrected image signals; and a scan driver configured to
supply scan signals to scan lines. The controller includes: a
load factor calculator configured to calculate a load factor of
a panel; a horizontal block load factor calculator configured
to calculate a driving current of a plurality of horizontal
blocks formed by dividing the panel according to the scan
lines; a voltage drop amount calculator configured to cal-
culate the amount of the voltage drop based on the driving
current; and a lookup table generator configured to generate
a voltage drop correction lookup table based on the amount
of the voltage drop.

18 Claims, 9 Drawing Sheets

i

[

1

i

1
V-Position

V-LUT



US 10,276,090 B2

Page 2
(56) References Cited
U.S. PATENT DOCUMENTS
2006/0044237 A1*  3/2006 Lee ..o, G09G 3/3233
345/82
2008/0180364 Al 7/2008 Kim
2009/0147110 Al*  6/2009 Muramatsu .......... HO4N 5/3572
348/255
2010/0149162 Al 6/2010 Park et al.
2010/0171774 Al* 7/2010 Mizukoshi ........... G09G 3/3275
345/690
2011/0018787 Al*  1/2011 Nakamura ... G09G 3/3233
345/76
2012/0019506 Al* 1/2012 Hekstra ............... G09G 3/3233
345/212
2012/0026207 Al* 2/2012 Komiya ............... G09G 3/3233
345/690
2014/0062989 Al1* 3/2014 Ebisuno ... GO09G 3/3241
345/212
2016/0055791 A1*  2/2016 Kishi ...ccoovvrennn. G09G 3/3241
345/212

FOREIGN PATENT DOCUMENTS

KR 10-2010-0014106 A 2/2010
KR 10-2010-0068075 A 6/2010
KR 10-2011-0123952 A 112011

* cited by examiner



US 10,276,090 B2

Sheet 1 of 9

Apr. 30,2019

U.S. Patent

[ "DId

08T—— LINA 9FMO0d
ssAa | aaas
A 4
Ha-XdH HOXdH Ha-xdH + ¢ - HaXdH HOXd HY-XdH
| 1 1 1 )| 1
L3¢ Qw
0Tt~ : . . HARIA
NVOS
HAXIH HO XTI HEXIH » -+ - HEXdH HOXdH HE-XdH
1 1 i 1 ] I\
G- XdH HO X HIXIH + + - HE-XdH HOXdH H XA ¢1s —OFL
1 )| 3 1 | |
'ls
4
“gf Mg t™aap - - g1a| zia) 11a SO85
 VLVds
0EL——| HAATHA VIVA = «— SO
JINO
_ 20| qouIN0D [+—VIva
00t
0Ct



U.S. Patent Apr.30,2019  Sheet 2 of 9 US 10,276,090 B2

FIG. 2
DL
SL,
ELYDD
 Z S M|
g ~CIR
s |
; Cot L |
f T ||: |
I TR1 1} TR2 i
| U _——_—d
1 I
N/ OLED
ELVSS
FIG. 3
151
UPPLER POWIER UNIT
B LV DD
110
~—-ELVDD
BOTTOM POWER UNIT

152



U.S. Patent Apr.30,2019  Sheet 3 of 9 US 10,276,090 B2

FIG. 4A

\ e S i

PR AL Y AN

I
1
1
1
i
i
H
{
H
|
1
I
1
|
I
1
]
1
]
]
I
V-Position

V-LUT
FIG. 4B
3%0
_ L . 15
I P PO NCA SN S 'g
0.
>

V-LUT



U.S. Patent Apr.30,2019  Sheet 4 of 9 US 10,276,090 B2

FIG. 5A
410
s I . _ n%
>
V-LUT
FIG. 5B
420
L i
>

V-LUT



U.S. Patent Apr.30,2019  Sheet 5 of 9 US 10,276,090 B2

FIG. 6
121
2 126
)
INPUT IMAGE SIGNAL

IMAGE

» CORRECTING
SIGNAL t UNIT

e
CORRECTED
IMAGE
SIGNAL

FRAME LOAD ORIZONTAL VOLATGE DROP V_LUT

: LOCK LOAD |_ |AMOUNT GENERATING
CALULATING
SN CALCULATING UNIT
UNIT g&ﬁmm NG [oAL

1 ] ] ]

122 123 124 125



U.S. Patent Apr.30,2019  Sheet 6 of 9 US 10,276,090 B2

FIG. 7A

SN e

V-Paosition

V-LUT
FIG. 7B
520
| ( "-_" T 0
RN L . AP U SR | —'—“:'4"_'(__“"‘:""“";"—— ‘g
g
>




U.S. Patent Apr.30,2019  Sheet 7 of 9 US 10,276,090 B2

FIG. 8A
610
) _
e e - D%
-
VLUT
FIG. 8B
620
110

s e s s,k s s o s o o s sl s s s o o B i i o ot o o e T By e,

V-Position




U.S. Patent Apr.30,2019  Sheet 8 of 9 US 10,276,090 B2

FIG. 9

START

CALCULATING A LOAD FACTOR OF AN
ENTIRE SCREEN BASED ON THE INPUT —~—~81110
IMAGE SIGNALS S1110

'

DIVIDING A SCREEN INTO A PULURALITY
OF BLOCKS AND CALCULATING A LOAD ~—51120
FACTOR FOR EACH BLOCK

'

CALCULATING A VOLTAGE DROP AMOUNT —~—81130

'

GENERATING A CORRECTION LOOKUP TABLE}_§1140

|

CORRECTING THE IMAGE SIGNAL —~—8S1150

'

END




U.S. Patent Apr.30,2019  Sheet 9 of 9 US 10,276,090 B2
FIG. 10
LUMINANCE
287
CONVENTIONAL
286
285
284 —% -
283 AN
/ / JPRESENT
282 f\ o . ,\“\/ y INVENTION
28/‘ V/\V/v\v.]\v 7
280
5 10 15 20 25 30 35 40 45 50

V-Positoin



US 10,276,090 B2

1
DISPLAY DEVICE CAPABLE OF
CORRECTING VOLTAGE DROP AND
METHOD FOR DRIVING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of
Korean Patent Application No. 10-2014-0025916, filed on
Mar. 5, 2014, with the Korean Intellectual Property Office,
the disclosure of which is incorporated herein in its entirety
by reference.

BACKGROUND

1. Field

Aspects of embodiments of the present invention relate to
a display device capable of correcting image signals in order
to improve luminance variation caused by a voltage drop
depending on display patterns of the screen and a driving
method thereof.

2. Description of the Related Art

In general, a display device includes a plurality of pixels
provided in an area defined by a black matrix or a pixel
defining layer. The display device is categorized into a liquid
crystal display (LCD), a plasma display panel (PDP), an
organic light emitting display (e.g., an organic light emitting
diode (OLED) display), and the like.

As examples of methods for driving the organic light
emitting display, there are a sequential driving method of
receiving data signals in response to scan signals sequen-
tially applied to the plurality of pixels and emitting light
from the pixels in order of the data signals received, and a
digital driving method of receiving the data signals for one
frame and emitting light from all the pixels simultaneously.

The display device includes a data driving unit for sup-
plying data signals to each of the plurality of pixels. The
recent trend of large-sized and high-resolution display
devices require more pixels, and power lines for applying
power to each pixel is therefore reduced in width and
increased in length, thereby increasing resistance of the
power lines.

The voltage drop caused by the increased resistance
produces voltage variation of a driving power between
pixels adjacent to the power lines and pixels spaced apart
from the power lines. This voltage variation leads to non-
uniform luminance depending on the distance from the
power lines

In addition, depending on load centrality and display
location of a displayed image, an amount of voltage drop
varies, although images have the same load factor. There-
fore, a method of predicting the voltage drop depending on
the display location and the image pattern and correcting
image signals accordingly on a real-time basis is desired.

It is to be understood that this background section is
intended to provide useful background information for
understanding aspects of the present invention and as such,
the background section may include aspects, ideas, con-
cepts, and features that are not part of what is known or
appreciated by those skilled in the pertinent art prior to the
date the present application is filed.

SUMMARY

Aspects of embodiments of the present invention are
directed to an organic light emitting display device with high
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resolution that is improved in luminance uniformity in
consideration of display locations of images in a panel and
display patterns of images.

According to an embodiment of the present invention, an
organic light emitting display device includes: a display
panel including a plurality of pixels; a controller configured
to correct input image signals supplied from the outside
according to an amount of voltage drop, and to output the
corrected image signals, the controller including: a load
factor calculator configured to calculate a load factor of a
panel based on the input image signals; a horizontal block
load factor calculator configured to calculate a driving
current of a plurality of horizontal blocks formed by divid-
ing the panel according to a plurality of scan lines; a voltage
drop amount calculator configured to calculate the amount
of the voltage drop based on the driving current; and a
lookup table generator configured to generate a voltage drop
correction lookup table based on the amount of the voltage
drop; a data driver configured to supply data signals corre-
sponding to the corrected image signals to data lines coupled
to the pixels; and a scan driver configured to supply scan
signals in synchronization with the data signals to the scan
lines coupled to the pixels.

The horizontal block load factor calculator may be con-
figured to calculate the load factors of the plurality of
horizontal blocks based on the input image signals.

The voltage drop amount calculator may be configured to
calculate the voltage drop amounts of the horizontal blocks
based on the horizontal block driving current and a line
resistance of the panel.

The lookup table generator may be configured to generate
the voltage drop correction lookup table based on the
voltage drop amounts of the horizontal blocks.

The voltage drop correction lookup table may include
luminance correction gain values of the display panel based
on the voltage drop amounts of the plurality of horizontal
blocks.

The luminance correction gain values of the display panel
may be assigned for each scan line.

The controller may further include an image signal cor-
rector configured to correct image signals by multiplying the
luminance correction gain values of the voltage drop cor-
rection lookup table.

According to an embodiment of the present invention, a
method of driving the organic light emitting display device
includes: calculating image signal load factors of a plurality
of horizontal blocks based on input image signals; calculat-
ing driving currents of the horizontal blocks based on the
image signal load factors of the horizontal blocks; calculat-
ing voltage drop amounts of the horizontal blocks based on
the driving currents of the horizontal blocks; calculating
voltage drop correction gain values for correcting the input
image signals based on the voltage drop amounts of the
horizontal blocks; and correcting the input image signals
based on the voltage drop correction gain values.

The voltage drop correction gain values may be updated
for the input image signals on a frame-by-frame basis.

The voltage drop correction gain values may be assigned
for each scan line.

The method may further include generating a voltage drop
correction lookup table based on the voltage drop amounts
of the horizontal blocks.

The method may further include calculating an image
signal load factor of an entire panel based on the input image
signals.

According to aspects of embodiments of the present
invention, the display device may analyze the display loca-
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tion and the pattern of the image provided from the outside
for each horizontal block composed of a plurality of cells,
and correct the image signals based on the analyzed data,
thereby improving the luminance uniformity of the display
panel.

The foregoing summary is illustrative only and is not
intended to be in any way limiting. In addition to the aspects,
embodiments, and features described above, further aspects,
embodiments, and features will become apparent by refer-
ence to the drawings and the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and aspects of the present
invention will be more clearly understood from the follow-
ing detailed description taken in conjunction with the
accompanying drawings, in which:

FIG. 1 is a schematic plan view showing a display device
according to an embodiment of the present invention;

FIG. 2 is a circuit diagram showing a pixel circuit of a
display device according to an embodiment of the present
invention;

FIG. 3 is a schematic diagram illustrating a dual-bank
type display panel;

FIGS. 4A and 4B are mimetic diagrams illustrating a
method of correcting a voltage drop based on display
patterns by using an existing fixed lookup table;

FIGS. 5A and 5B are mimetic diagrams illustrating a
method of correcting a voltage drop based on display
locations by using the existing fixed lookup table;

FIG. 6 is a block diagram illustrating a voltage drop
correcting unit according to an embodiment of the present
invention;

FIGS. 7A and 7B are mimetic diagrams illustrating a
method of correcting a voltage drop based on display
patterns by using a lookup table according to an embodiment
of the present invention;

FIGS. 8A and 8B are mimetic diagrams illustrating a
method of correcting a voltage drop based on display
locations by using a lookup table according to an embodi-
ment of the present invention;

FIG. 9 is a flow chart illustrating a method of correcting
image signals according to an embodiment of the present
invention;

FIG. 10 is a graph illustrating a luminance variation of a
panel according to an embodiment of the present invention.

DETAILED DESCRIPTION

Hereinafter, embodiments of the present invention will be
described in more detail with reference to the accompanying
drawings.

Although the present invention has several embodiments
and can be modified in various manners, example embodi-
ments are illustrated in the accompanying drawings and will
be mainly described in the specification. However, the spirit
and scope of the present invention is not limited to the
example embodiments described herein, and should be
construed as including all the changes, equivalents, and
substitutions included within the spirit and scope of the
present invention.

It will be understood that, although the terms “first,”
“second,” “third,” and the like may be used herein to
describe various elements, these elements should not be
limited by these terms. These terms are only used to distin-
guish one element from another element. Thus, “a first
element” discussed below could be termed “a second ele-
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ment” or “a third element,” and “a second element” and “a
third element” can be termed likewise without departing
from the spirit and scope of the present invention. Expres-
sions such as “at least one of,” when preceding a list of
elements, modify the entire list of elements and do not
modify the individual elements of the list. Further, the use of
“may” when describing embodiments of the present inven-
tion refers to “one or more embodiments of the present
invention.”

When an element is described as “coupled” or “con-
nected” to another element, the element may be “directly
coupled” or “directly connected” to the other element, or
“indirectly coupled” or “indirectly connected” to the other
element through one or more intervening elements. In this
specification, the description of some parts which are not
necessary for a complete understanding of the present inven-
tion have been omitted, and like reference numerals refer to
like elements throughout the specification.

FIG. 1 is a schematic plan view showing a display device
according to an embodiment of the present invention.

Referring to FIG. 1, an organic light emitting display 100
includes a display panel 110 including a plurality of pixels,
a data driver 130 for applying data signals to pixel circuits
of the plurality of pixels over data lines, a scan driver 140
for applying scan signals to the pixel circuits, a power unit
150 for applying a driving power to the organic light
emitting diodes OLEDs of the pixels, and a control unit 120
(e.g., a controller) for controlling the data driver 130, the
scan driver 140, and the power unit 150.

Further, the display device 100 may further include the
power unit 150 on the display panel 110 in order to provide
a driving power ELVDD and power ground ELVSS.

The display panel 110 includes a plurality of scan lines
SL1~SLn extended in a row direction for applying scan
signals, a plurality of data lines DL1~DLm extended in a
column direction, and a plurality of pixels PX arranged in a
matrix form at crossing regions of the scan lines SL1~SLn
and the data lines DL1~DLm. The driving power ELVDD
and the power ground ELVSS are supplied to the plurality of
pixels PX from the power unit 150, and the scan signals and
the data signals are provided to the pixels PX over the scan
lines SL.1~SLn and the data lines DL.1~DLm, respectively.

FIG. 1 illustrates a single bank structure where the driving
power ELVDD is applied to only one side of the display
panel. However, in a case of a large-sized panel, voltage
drops occur depending on the length of the power lines.
Therefore, a dual bank structure may be used, where panels
are divided into two parts, and power is supplied to both
sides of the panel.

Each of the pixels PX provided in the display panel 110
includes the organic light emitting diode OLED. In a case
where the driving power ELVDD and the power ground
ELVSS are supplied, current flows through the OLED, and
thus light is emitted. However, the present invention is not
limited thereto. Thus, the display panel 110 may be other
types of display panels including a self light-emitting ele-
ment.

The display panel 110 may be driven by a digital driving
method. When the digital driving method is used, gray-scale
level is expressed by adjusting emitting time of each pixel
PX in accordance with the data signals. The pixels PX emit
light by the supplied driving power ELVDD and power
ground ELVSS. In this case, the emitting time is adjusted in
accordance with the data signals in order to express the
gray-scale level.

In a case where the digital driving method is used, an
amount of the driving power ELVDD applied to the pixels
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PX and an amount of the current flowing to the power
ground ELVSS for a unit time are concentrated, such that the
voltage drop becomes larger, thereby resulting in substan-
tially non-uniform luminance compared to the analog driv-
ing method, although the same gray-scale level is expressed.

The control unit 120 controls the data driver 130, the scan
driver 140, and the power unit 150. The control unit 120 is
configured to generate signals for controlling the data driver
130, the scan driver 140, and the power unit 150 based on
image signals DATA and control signals CS provided from
the outside. The control unit 120 transmits the generated
signals to the data driver 130, the scan driver 140, and the
power unit 150.

For example, the control signals CS may include timing
signals, such as vertical synchronization signals Vsync and
horizontal synchronization signals Hsync, clock signals
CLK, and data enable signals DE. The image signals DATA
may include digital signals expressing gray-scale levels for
light that is emitted from the pixels PX.

The data driver 130 receives data control signals DCS and
scaled image signals from the control unit 120, and supplies
data signals corresponding to the scaled image signals to the
pixels PX over data lines DL1~DLm in response to the data
control signals DCS.

The scan driver 140 receives scan control signals SCS
from the control unit 120, and generates the scan signals.
Further, the scan driver 140 may transmit the generated scan
signals to the pixels PX over the scan lines SL1~SLn. The
pixels PX of each row are sequentially selected in response
to the scan signals, and the data signals may be provided
thereto.

The power unit 150 generates the driving power ELVDD
and the power ground ELVSS, and applies the generated
powers to the display panel 110. The driving power ELVDD
and the power ground ELVSS are applied to the plurality of
pixels PX of the display panel 110, such that the pixels PX
can emit light. An amount of current flowing through the
pixels PX during an emission period can be determined in
accordance with the voltage value of the driving power
ELVDD and the power ground ELVSS. Provided that the
pixels PX emit light, and that the amount of current flowing
through the pixels PX, for example the driving current, is
changed, luminance may be changed, although the same
gray-scale level is displayed.

A single bank structure is illustrated in FIG. 1, where the
power unit is disposed only at the bottom portion of the
display device. However, the dual bank structure (e.g., refer
to FIG. 3) may also be used, where two power units are
disposed respectively at the upper and bottom portions of the
display device, in order to reduce the length of the power
lines between the pixels PX and the power units, such that
the voltage drop can be reduced.

FIG. 2 is a circuit diagram showing a pixel circuit of a
display device according to an embodiment of the present
invention. In more detail, FIG. 2 illustrates a pixel circuit of
an orgaric light emitting display. For ease of description, a
pixel circuit connected to the data line DLm and the scan
line SLn is illustrated.

Referring to FIG. 2, the pixels PX may include the organic
light emitting diode OLED and the pixel circuit CIR for
supplying current to the organic light emitting diode OLED.
The pixel circuit CIR may include a plurality of transistors
TR1 and TR2, and a capacitor Cst. The plurality of transis-
tors TR1 and TR2 may be thin film transistors TFT. In FIG.
2, the pixel circuit CIR is described as having two transistors
TR1 and TR2 and one capacitor Cst. However, the present
invention is not limited thereto. Thus, the pixel circuit CIR
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may have various configurations to supply current to the
organic light emitting diode in accordance with the data
signals.

An anode electrode of the organic light emitting diode
OLED is connected to the pixel circuit CIR, and a cathode
electrode is connected to the power ground ELVSS. Such
organic light emitting diodes OLEDs generate light corre-
sponding to the current supplied from the pixel circuit CIR.

When the scan signal is applied to the scan line SLn, the
pixel circuit CIR is supplied with the data signal from the
data line DLm. In a case where the scan signal is supplied
to the scan line SLn, the first transistor TR1 is turned on. In
a case where the data signal is applied to a gate electrode of
the second transistor TR2 over the data line DLm and
through the first transistor TR1, the data signal controls the
turn-on/turn-off of the second transistor TR2. In a case
where the second transistor TR2 is turned on in response to
the data signal, the driving power ELVDD is applied to the
anode electrode of the organic light emitting diode OLED,
and thus, current [ flows through the organic light emitting
diode OLED. Accordingly, the organic light emitting diode
OLED emits light. In this case, an amount of the current I
may vary depending on the voltage applied to both end
portions of the organic light emitting diode OLED, that is,
depending on voltage values of the driving power ELVDD
and the power ground ELVSS. In a case where the second
transistor TR2 is turned off, the anode electrode of the
OLED floats, such that light becomes extinct in the organic
light emitting diode OLED. Meanwhile, the capacitor Cst
stores a voltage corresponding to the voltage difference
between the driving power ELVDD and the applied data
signal, such that the second transistor TR2 can maintain a
state of turn-on or turn-off, although the first transistor TR1
is turned off and the data signals are not applied.

The luminance of the light emitted from the pixels PX is
determined by emitting time of the pixel PX, for example,
emitting time of the organic light emitting diode OLED and
an amount of the current I during the emission period. As the
emitting time of the pixel PX in one frame period is
lengthened and a current value proportional to a voltage
value of the driving power ELVDD increases, the luminance
of light emitted from the pixel PX is increased.

FIG. 3 is a schematic diagram illustrating a dual-bank
type display panel according to an embodiment of the
present invention.

Referring to FIG. 3, the upper power unit 151 and the
bottom power unit 152 apply the driving power ELVDD to
the upper and the bottom portions of the display panel 110
over divided power lines, respectively. The dual bank struc-
ture where the driving power ELVDD is applied to the both
sides of the panel is desirable over the single bank structure
where the driving power ELVDD is applied to one side of
the panel, in that the power supplying lines are reduced to
half the length, such that resistance is reduced and the
voltage drop (i.e., IR DROP) can be further reduced. How-
ever, although the power lines are reduced in length, the
voltage drop IR DROP occurs when a large proportion of the
pixels emit light to display an image, because the driving
current supplied to the panel becomes large.

In addition, in the dual bank panel illustrated in FIG. 3,
luminance deterioration and color coordinates distortion
oceur in a center portion of the display panel where the end
portions of the power lines are located. The center portion of
the panel is a center area of a screen, and thus a user can
easily recognize the luminance distortion when the user
watches the image.
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In order to improve the luminance non-uniformity and the
color coordinates distortion caused by the voltage drop IR
DROP, input images can be corrected by using a lookup
table. That is, the image signals are corrected depending on
the pixel location in the panel based on the panel load factors
of the image signals. According to an existing driving
method, the same lookup table is applied to correct the
image signals, although the image signals have different
panel load factors, and thus, it is difficult to make a desirable
correction in accordance with the amount of voltage drop
changed depending on the display location or the display
pattern of the image signals.

Hereinafter, a method of correcting image information by
using the existing fixed lookup table will be described in
detail with reference to FIGS. 4A through 5B.

FIGS. 4A and 4B are mimetic diagrams illustrating a
method of correcting a voltage drop based on display
patterns by using an existing fixed lookup table.

FIGS. 4A and 4B illustrate a white quadrilateral pattern
with long vertical sides 310, and a white quadrilateral
pattern with long horizontal sides 320 displayed on the
display panel 110, respectively. The power lines are
extended only to a dashed line at the center of the panel, and
thus the amount of voltage drop becomes the largest at the
dashed line in the drawings.

Graphs defining a relationship between the location of
power lines (vertical position in the display panel) and gain
values are illustrated on the right side of FIGS. 4A and 4B.
Thus, image signals can be corrected depending on the
location of power lines in accordance with the graphs.

Referring to FIGS. 4A and 4B, in the voltage drop
correction lookup table V_LUT, higher gain correction
values are assigned to the center area in the vertical position
V-Position, such that luminance level can be increased. In
this case, the voltage drops caused by the power lines are
corrected all together by the gain correction values in the
fixed lookup table.

In other words, according to the existing method of
correcting a voltage drop, the image signals are corrected
based on the load factors of the image information on a
frame-by-frame basis. However, although images have the
same load factor, the images may have different amounts of
voltage drops depending on the displayed image pattern, and
therefore, it is not desirable to apply the same gain correc-
tion values in the fixed lookup table to all the image signals.

In a case where image signals having the same load
factors are corrected based on the same fixed lookup table,
the voltage drop has a large effect on the vertical pattern 310
compared to the horizontal pattern 320.

The voltage drop is proportional to a multiplication of
resistance of the power line by current flowing through the
power line. The power line has an eigenvalue of the resis-
tance depending on materials and forms used in the manu-
facturing process of the display panel.

On the other hand, the current flowing through the power
line is determined depending on whether the pixels con-
nected to the power line emit light or not. The white vertical
pattern 310 refers to a pattern where all the pixels connected
to at least one power line emit light. On the contrary, the
white horizontal pattern 320 refers to a pattern where about
20~30% of the pixels connected to at least one power line
emit light.

In a case where the vertical pattern 310 is displayed, an
amount of current flowing through one power line becomes
large compared to the horizontal pattern 320, and thus, if the
voltage drop correction lookup table based on an overall
load factor is applied, the vertical pattern 310 has a dim
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luminance condition compared to the horizontal pattern 320,
although the two patterns have the same gray-scale level and
the same area.

FIGS. 5A and 5B are mimetic diagrams illustrating a
method of correcting a voltage drop based on display
locations by using an existing fixed lookup table.

In more detail, FIG. 5A illustrates a horizontal quadrilat-
eral pattern in the bottom portion 410 located farthest from
inlets of the power lines, and FIG. 5B illustrates the hori-
zontal quadrilateral pattern in the upper portion 420 having
the same gray-scale level and the same shape as the hori-
zontal quadrilateral pattern in the bottom portion 410 and
located adjacent to the inlets of the power lines.

Referring to FIGS. 5A and 5B, in a case where the same
fixed lookup table is applied to display the bottom pattern
410 and the upper pattern 420, different luminance levels
may be observed, although the gray-scale level and the load
factors are the same.

In other words, in a case where the bottom pattern 410 is
displayed, current required for emitting light flows from the
inlets of the power lines to the pixels of the pattern, thereby
exhibiting substantial luminance deterioration due to the
voltage drop. On the contrary, in a case where the upper
pattern 420 is displayed, the resistance of the power lines has
little effect on power supply, and thus the luminance dete-
rioration caused by the voltage drop is not often observed.

FIG. 6 is a block diagram illustrating a voltage drop
correcting unit according to an embodiment of the present
invention.

According to an embodiment of the present invention, the
control unit (e.g., controller) may include the voltage drop
correcting unit (e.g., voltage drop corrector).

Referring to FIG. 6, the voltage drop correcting unit 121
includes a frame load calculating unit 122 (e.g.. a frame load
calculator) for calculating load factors of the image infor-
mation supplied from the outside, a horizontal block load
calculating unit 123 (e.g., a horizontal block load calculator)
for calculating a load factor of each horizontal block of the
image information, a voltage drop amount calculating unit
124 (e.g., a voltage drop amount calculator) for calculating
an amount of voltage drop based on the horizontal block
load, a lookup table V_LUT generating unit 125 (e.g., a
V_LUT generator) for generating a voltage drop correction
lookup table based on the calculated voltage drop amount,
and an image signal correcting unit (e.g., an image signal
corrector) for correcting the image information based on the
gain values of the voltage drop correction lookup table.

The voltage drop correction unit 121 of FIG. 6 is config-
ured to correct the input image signal based on a lookup
table in order to improve luminance deterioration caused by
a voltage drop.

The frame load calculating unit 122 is configured to
analyze an input image signal on a frame-by-frame basis,
and to calculate an overall load factor. The load factor of the
image signal is the sum of the image data values of one
frame. For example, color image information having 1920x
1080 resolution contains all of the three color image infor-
mation, and 1 frame, therefore, contains image gray-scale
information of 1920x1080x3=6,220,800. Provided that each
pixel can express 256 gray levels, the maximum load value
of the image information becomes as follows. 1920x1080x
3x256=1,592,524,800.

In this case, the maximum load value refers to an image
data value with 100% load factor, on condition that all the
pixels of the display panel display a white image having the
maximum gray-scale level. In this case, the load factor refers
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to a ratio of a load value corresponding to an image data
value to a 100% load value in terms of percentages.

In the foregoing description, the load factor is calculated
by adding all the gray-scale values. However, the present
invention is not limited thereto, and thus the load factor may
be determined by other methods, such as using the most
significant bits in order to make the best use of an arithmetic
processor.

In addition, the frame load calculating unit 122 is con-
figured to calculate a frame driving current value required
for a whole panel based on the calculated load factor of the
image frame. The frame driving current is a calculated
current consumption corresponding to an input image signal
in consideration of characteristics of the panel.

The horizontal block load calculating unit 123 is config-
ured to divide the display panel into a plurality of horizontal
blocks with respect to a plurality of scan lines, and to
calculate a load factor of each horizontal block.

Recent display devices include high-resolution panels,
and thus, if image information is corrected based on image
information of all the pixels on a real-time basis, an amount
of data to be processed becomes so large that a high-priced
arithmetic processor is required.

On the other hand, according to an embodiment of the
present invention, the voltage drop correction unit processes
data for each horizontal block divided by a plurality of scan
lines, such that load on the arithmetic processor can be
reduced. Because an amount of data is reduced, the voltage
drop correction lookup table can be updated for each image
frame, such that voltage drop correction errors can be
minimized or reduced even for dynamic images.

The voltage drops occur depending on the location of
image information, rather than an individual pixel, and thus
analysis on the plurality of pixel blocks, instead of the
individual pixel, can also lead to a reliable result.

According to an embodiment of the present invention, it
is assumed that the panel area is divided into 12 horizontal
blocks. However, the number of the horizontal blocks is not
limited thereto.

A load factor of each horizontal block is a ratio of the load
factor of each horizontal block to a load factor of a whole
screen. Further, a driving current for each horizontal block
can be calculated based on the frame driving current calcu-
lated from the frame load calculating unit in accordance with
the load factor of each horizontal block.

The horizontal block load calculating unit 123 is config-
ured to calculate driving current values of 11, 12, 13, 14, 15,
16, 17,18, 19, 110, 111, 112 for the 12 horizontal blocks on a
frame-by-frame basis, and to output the result to the voltage
drop amount calculating unit 124.

The voltage drop amount calculating unit 124 is config-
ured to calculate an amount of voltage drop caused when the
horizontal black driving current is applied over the power
lines. The voltage drop amount calculating unit 124 calcu-
lates the amount of voltage drop across the power line based
on the driving current value for each horizontal block. In a
case where the voltage drop amount calculating unit 124
calculates the voltage drop amount based on each horizontal
block driving current, driving current of horizontal blocks
disposed at the end of the power lines are taken into
consideration depending on the location of the horizontal
blocks. In this case, as the horizontal block is located farther
from the power line inlets, the voltage drop between the
voltage at the power line inlet and the voltage applied at each
horizontal block becomes larger.
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The V_LUT generating unit 125 is supplied with the
voltage drop value calculated by the voltage drop amount
calculating unit 124, and generates the voltage drop correc-
tion lookup table V_LUT.

Thus, gain correction values are adjusted in order to
correct decreased luminance of the display panel, in accor-
dance with the voltage drops of the horizontal blocks
updated on a frame-by-frame basis.

The V_LUT generating unit 125 generates the voltage
drop lookup table V_LUT based on the input voltage drop
amount of each horizontal block and deviation between
blocks. In this case, the 12 voltage drop amount values are
provided, such that 12 correction data can be generated
accordingly. The correction data is determined in consider-
ation of the amount of voltage drop depending on the
location of the horizontal blocks and the deviation of voltage
drop between the horizontal blocks.

The V_LUT generating unit 125 generates gain correction
values corresponding to each scan line based on the 12
correction data by using data interpolation, such that the gain
correction values can be applied to all the pixels in the
display panel. The data interpolation is a data processing
method of constructing continuous data based on a discrete
set of known data points, and has various types including
linear interpolation, polynomial interpolation, and spline
interpolation, and thus, a desirable interpolation method can
be employed depending on the characteristics of the panel
and the number of horizontal blocks.

The image signal correcting unit 126 is configured to
correct gray values of the image signals for each pixel by
multiplying the input image signal by the gain value of the
voltage drop correction lookup table V_LUT corresponding
to the vertical position of the pixel.

FIGS. 7A and 7B are mimetic diagrams illustrating a
method of correcting a voltage drop depending on display
patterns by applying a voltage drop lookup table according
to an embodiment of the present invention.

Referring to FIG. 7A, a quadrilateral pattern with long
vertical sides 510 is displayed on the display panel 110. In
a case where the vertical pattern 510 is displayed, driving
current is applied to all the pixels in the vertical direction,
such that a substantial voltage drop occurs across the power
lines. In this case, gain correction values of the voltage drop
correction lookup table V_LUT are adjusted to become
larger, and the image signals are corrected accordingly to
prevent or reduce the luminance deterioration at end por-
tions of the power lines.

On the contrary, referring to FIG. 7B, in a case where a
horizontal pattern 520 having the same gray-scale level and
the same area as the vertical pattern 510 is displayed, only
part of the pixels of the power lines emit light, and thus the
voltage drop amount becomes small compared to the vertical
pattern 510. In this case, gain correction values of the
voltage drop correction lookup table V_LUT are adjusted to
become smaller compared to the vertical pattern to correct
image signals.

FIGS. 8a and 8b are mimetic diagrams illustrating a
method of correcting a voltage drop based on display
locations by using a lookup table according to an embodi-
ment of the present invention.

In more detail, FIG. 8A illustrates a horizontal quadrilat-
eral pattern in the bottom portion 610 located farthest from
the inlets of the power lines, and FIG. 8B illustrates the
horizontal quadrilateral pattern in the upper portion 620
having the same gray-scale level and the same shape as the
horizontal quadrilateral pattern in the bottom portion 610.
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In a case where the bottom pattern 610 is displayed,
current required for emitting light flows from the inlets of
the power lines to the pixels of the pattern, thereby exhib-
iting substantial luminance deterioration due to the voltage
drop. On the contrary, in a case where the upper pattern 620
is displayed, the resistance of the power lines has little effect
on power supply, and thus the luminance deterioration
caused by the voltage drop is not often observed.

Thus, as illustrated in FIG. 8A, when the bottom pattern
610 is displayed, the voltage drop correcting unit 121 adjusts
gain correction values of the voltage drop correction lookup
table V_LUT to become larger to correct the image signals.

In addition, as illustrated in FIG. 8B, when the upper
pattern 620 is displayed, the voltage drop correcting unit 121
adjusts gain correction values of the voltage drop correction
lookup table V_LUT to become smaller to correct the image
signals.

FIG. 9 is a flow chart illustrating a method of correcting
image signals according to an embodiment of the present
invention.

In S1110, the frame load calculating unit 122 calculates a
load factor of an entire screen based on the image signals
supplied from the outside. Further, the expected current
consumption may be calculated based on the calculated load
factor.

In S1120, the horizontal block load calculating unit 123
divides the display panel into a plurality of horizontal blocks
with respect to a plurality of scan lines, and calculates a load
factor of each horizontal block. Further, power consumption
of each horizontal block can be calculated based on the total
expected current consumption of the panel and the load
factor of each horizontal block.

In S1130, the voltage drop amount calculating unit 124
may calculate an amount of voltage drop based on the power
consumption of each horizontal block and resistance of the
power lines.

In S1140, the V_LUT generating unit 125 may generate a
voltage drop correction lookup table based on the amount of
voltage drops of the plurality of horizontal blocks. Further,
the V_LUT generating unit 125 may generate more output
data than the input data by using data interpolation based on
the amount of voltage drops of the plurality of horizontal
blocks. For example, the number of the input voltage drop
amounts of the horizontal blocks may correspond to the
number of blocks formed in S1120, and the number of the
output voltage drop correction lookup tables may corre-
spond to the number of scan lines of the display panel.

In S1150, the image signal correcting unit 126 may
correct the input image signal in accordance with the voltage
drop correction lookup table.

In FIG. 9, 81120 is described as being performed after
S1110. However, the present invention is not limited thereto,
and thus, each of S1110 and S1120 may be performed
independently. Further, S1110 may be performed after
S1120.

FIG. 10 is a graph illustrating luminance variations of a
panel according to an embodiment of the present invention.

In more detail, FIG. 10 illustrates measured luminance of
a box pattern displayed at the center area of the panel,
provided that a load pattern is moved in a vertical direction
of the panel.

Referring to FIG. 10, a dashed line represents a case
where the existing correction method is applied. In this case,
the luminance of the box pattern at the center area exhibits
a substantial luminance variation depending on the vertical
location of the load pattern.
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On the contrary, a solid line in FIG. 10 represents a case
where a method of an embodiment of the present invention
is applied. In this case, the luminance of the box pattern does
not exhibit a noticeable luminance variation.

From the foregoing, it will be appreciated by those skilled
in the art that various embodiments of the present invention
have been described herein for purposes of illustration, and
that various modifications may be made without departing
from the scope and spirit of the present invention. Accord-
ingly, the various embodiments disclosed herein are not
intended to be limiting, with the scope and spirit of the
present invention being indicated by the following claims,
and equivalents thereof.

What is claimed is:

1. An organic light emitting display device comprising:

a display panel comprising a plurality of pixels;

a controller configured to correct input image signals
supplied from the outside according to an amount of
voltage drop, and to output the corrected input image
signals, the controller comprising:

a load factor calculator configured to calculate a load
factor of a panel based on the input image signals;

a horizontal block load factor calculator configured to
calculate a driving current of each of a plurality of
horizontal blocks formed by dividing the panel
according to a plurality of scan lines;

a voltage drop amount calculator configured to calcu-
late the amount of the voltage drop of each of the
horizontal blocks based on the driving current of
each of the horizontal blocks; and

a lookup table generator configured to generate a
voltage drop correction lookup table based on the
amount of the voltage drop for each of the horizontal
blocks and deviation of the voltage drop between the
horizontal blocks;

a data driver configured to supply data signals corre-
sponding to the corrected input image signals to data
lines coupled to the pixels; and

a scan driver configured to supply scan signals in syn-
chronization with the data signals to the scan lines
coupled to the pixels,

wherein the lookup table generator is configured to gen-
erate correction data according to the amount of the
voltage drop of each of the horizontal blocks,

wherein the lookup table generator is configured to adjust
the correction data corresponding to each of the hori-
zontal blocks according to a pattern of the input image
signals,

wherein the lookup table generator is configured to gen-
erate gain correction values corresponding to each scan
line by using data interpolation based on the correction
data of each of the horizontal blocks, and

wherein the voltage drop correction lookup table com-
prises the gain correction values.

2. The organic light emitting display device of claim 1,
wherein the horizontal block load factor calculator is con-
figured to calculate image signal load factors of the plurality
of horizontal blocks based on the input image signals.

3. The organic light emitting display device of claim 2,
wherein the voltage drop amount calculator is configured to
calculate the amount of the voltage drop of the horizontal
blocks based on the driving current and a line resistance of
the panel.

4. The organic light emitting display device of claim 3,
wherein the lookup table generator is configured to generate
the voltage drop correction lookup table based on the
amount of the voltage drop of the horizontal blocks.



US 10,276,090 B2

13

5. The organic light emitting display device of claim 1,
wherein the controller further comprises an image signal
corrector configured to correct the input image signals by
multiplying the gain correction values of the voltage drop
correction lookup table.

6. The organic light emitting display device of claim 1,
wherein the voltage drop amount calculator is configured to
calculate the amount of the voltage drop of the horizontal
blocks based on the driving current and a line resistance of
the panel.

7. The organic light emitting display device of claim 6,
wherein the lookup table generator is configured to generate
the voltage drop correction lookup table based on the
amount of the voltage drop of the horizontal blocks.

8. The organic light emitting display device of claim 7,
wherein the voltage drop correction lookup table comprises
gain correction values of the display panel based on the
amount of the voltage drop of the plurality of horizontal
blocks.

9. The organic light emitting display device of claim 8,
wherein the gain correction values of the display panel are
assigned for each scan line.

10. The organic light emitting display device of claim 9,
wherein the controller further comprises an image signal
corrector configured to correct the input image signals by
multiplying the gain correction values of the voltage drop
correction lookup table.

11. The organic light emitting display device of claim 1,
wherein the controller further comprises an image signal
corrector configured to correct the input image signals by
multiplying gain correction values of the voltage drop
correction lookup table.

12. A method of driving an organic light emitting display
device, the method comprising:

calculating image signal load factors of a plurality of

horizontal blocks based on input image signals;
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calculating driving currents of the horizontal blocks based
on the image signal load factors of the horizontal
blocks;

calculating voltage drop amounts of the horizontal blocks

based on the driving currents of each of the horizontal
blocks;

calculating correction data for correcting the input image

signals based on the voltage drop amounts of the
horizontal blocks;
generating gain correction values corresponding to each
scan line through data interpolation based on the cor-
rection data of each of the horizontal blocks; and

correcting the input image signals based on the gain
correction values,

wherein the correction data are adjusted according to a

pattern of the input image signals.

13. The method of claim 12, wherein the gain correction
values are updated for the input image signals on a frame-
by-frame basis.

14. The method of claim 12, wherein gain correction
values are assigned for each scan line.

15. The method of claim 12, the method further compris-
ing generating a voltage drop correction lookup table based
on the voltage drop amounts of the horizontal blocks.

16. The method of claim 12, the method further compris-
ing calculating a load factor of an entire panel based on the
input image signals.

17. The organic light emitting display device of claim 1,
wherein the data interpolation comprises linear interpola-
tion, polynomial interpolation, or spline interpolation.

18. The method of claim 12, wherein the data interpola-
tion comprises linear interpolation, polynomial interpola-
tion, or spline interpolation.
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