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7 ABSTRACT

The present invention relates to an organic light emitting

(KR) display device and a method for processing image signals
thereof. An organic light emitting display device according to
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to generate a plurality of four-color image signals of at least
(21) Appl. No.: 12/243,230 two dots respectively representing the first color, the second
color, the third color, and the white color, to respectively sum
. a distortion amount of a color impression of the four-color
(22) Filed: Oct. 1, 2008 image signals of at least two dots, to calculate a partial exten-
sion coeflicient corresponding to the sum result, and to exten-
(30) Foreign Application Priority Data sion-convert the input image signals of at least two dot
according to the partial extension coefficient thereby gener-
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ORGANIC LIGHT EMITTING DISPLAY
DEVICE AND PROCESSING METHOD OF
IMAGE SIGNALS THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2008-0017254 filed in the
Korean Intellectual Property Office on Feb. 26, 2008, whose
entire disclosure is incorporated herein by reference.

BACKGROUND
[0002] (a) Field of Invention
[0003] The present disclosure of invention relates to

organic light emitting display devices (OLEDD’s) and a driv-
ing method thereof, and particularly to an organic light emit-
ting display device including a white light emitting pixel in
addition to primary color pixels in each picture dot and a
driving method for such a four color system.

[0004] (b) Description of Related Technology

[0005] Inrecentyears, as a substitute for cathode ray tubes
(CRTs), flat panel displays have been actively developed. The
typical flat panel display includes a plurality of pixels
arranged in a rectangular matrix shape and emitting just three
primary colors (e.g., R, G, B). A desired one color may be
provided by combining primary color outputs emitted from
adjacent pixels, and the flat panel display can then display
desired images by appropriately controlling the luminance of
each primary color pixel.

[0006] While most flat panels generally display color
images by combining three primary colors such as of red,
green, and blue, particularly in the case of organic light emit-
ting devices (OLED’s), color images are displayed according
to corresponding input image signals by sometimes adding a
white light emitting pixel (or a non-color-filtered transparent
pixel) in addition to the three primary color emitting pixels to
thereby increase luminance. This configuration is called a
four-color flat organic light emitting device (4c-OLED).
Luminence is increased because there is only so much of an
intensity in a 3c-OLED that each of the R, G, B emitters can
be safely driven to. So, for example, if each R, G, B emitter
has a respective relative drive range between 0 and 255, the
maximum luminance that can be output as light corresponds
to a drive intensity of FFFEFF in terms of hexadecimal
expression. However, if a fourth, white light emitting emitter
is added, then the maximum luminance that can be output as
light extends beyond that associated with the 3¢c-OLED
FFE,FEFF output.

[0007] In the four-color flat organic light emitting device
(4c-OLED), the three-color image signals that are received as
conventional input are often converted into corresponding
four-color image signals in order to display images of
enhanced or extended luminance on the 4c-OLED. When
converting the three-color image signals into four-color
image signals, the color impression of three input image
signals may be undesirably changed because the added white-
light emitter changes the perception of color that would be
otherwise seen by the human eye if only the three primary
pixels were driven. In terms of greater detail about this, when
a first emitter displays a pure color such as yellow (red plus
green) and then a supplementing white pixel is added for the
purpose of increasing luminance, the eye-perceived color
impression of the originally intended, red plus green equals
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yellow (R+G=Y) is changed. That is, the viewer no longer
perceives a pure yellow. Instead the eye may perceive white
mixed with yellow, or an off-yellow coloration. Accordingly
a distortion phenomenon is added to the intended color
impression whereby the color perceived is different than the
original yellow color that was intended. To solve this prob-
lem, when converting from the three-color image domain into
a four-colors emitters domain, the maximum supplement to
luminance that is provided by the additional white pixel may
have to be limited. However, if the latter is done across a full
image of all color permuations, the overall luminance is dis-
advantageously decreased even when displaying images that
do not call for only pure colors such as pure yellow (R+G=Y).
This failure to provide maximum luminance is a serious prob-
lem because the primary purpose of including a white pixel in
the four-color organic light emitting display device is so that
luminance can be enhanced.

[0008] It is to be understood in reading the above that an
organic light emitting diode (OLED) that is the light-emitting
element of the organic light emitting display device emits
according to a magnitude of current flowing through the
organic light emitting diode. Maximum luminance per OLED
is often limited because the operational lifetime of the organic
light emitting diode tends to decrease according to the mag-
nitude of the current flowing in the organic light emitting
diode, and the organic light emitting diode can be damaged
(e.g., burned out) if driven with a large current exceeding a
predetermined value for too long of a time.

[0009] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the technologies involved with the present disclosure of
invention and therefore it may contain information that does
not constitute prior art of a kind that is already publicly known
persons of ordinary skill in the art.

SUMMARY

[0010] The present disclosure of invention provides an
organic light emitting display device and a processing method
of image signals to increase the overall luminance of a four-
color organic light emitting display device and to prevent a
decrease of the lifetime and damage of the organic light
emitting diodes in such a device.

[0011] An organic light emitting display device according
to the present invention includes a display panel including a
plurality of pixels displaying a first color, a second color, a
third color, and a white color, and a signal processor receiving
a plurality of input image signals respectively corresponding
to the pixels and converting the input image signals of at least
two dots respectively representing the first color to the third
color among the input image signals according to a first
extension coefficient to generate a plurality of four-color
image signals of at least two dots respectively representing
the first color, the second color, the third color, and the white
color, to respectively sum a distortion amount of a color
impression of the four-colorimage signals of at least two dots,
to calculate a partial extension coefficient corresponding to
the sum result, and to extension-convert the input image sig-
nals of at least two dots according to the partial extension
coefficient to thereby generate the four-color output image
signals of at least two dots. The signal processor includes: an
RGBW converter extension-converting the input image sig-
nals of at least two dots according to the first extension coef-
ficient to generate the four-color image signal of at least two
dots, calculating an excess value by comparing grays respec-
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tively corresponding to the four-color image signal of at least
two dots with a maximum gray, and extension-converting the
input image signal of at least two dots according to the partial
extension coefficient to generate the four-color output image
signals of at least two dots; a distortion adder calculating and
summing the distortion of the color impression by using the
calculated excess value to calculate the distortion amount of
the color impression of a first region of the display panel
corresponding to the input image signals of at least two dots;
and a partial extension coefficient determiner calculating a
partial extension coefficient according to the distortion
amount of the color impression of the first region, estimating
the partial extension coeflicient as the partial extension coef-
ficient of the first region, and transmitting the partial exten-
sion coeflicient to the RGBW converter. The partial extension
coefficient determiner amends the partial extension coeffi-
cient of the first region by interpolating into the entire region
of the display panel, and the partial extension coefficient
corresponds to each address of the input image signal of at
least two dots. The RGBW converter extension-converts the
input image signals of at least two dots by using the partial
extension coefficient according to the address to generate the
four-color output image signal of at least two dots. The signal
processor further includes a rearrangement portion receiving
the four-color output image signals, and respectively rear-
ranging the four-color output image signal according to the
arrangement structure of the pixels.

[0012] The pixels are divided into a plurality of groups and
the display panel is divided into a plurality of regions accord-
ing to the groups, and the signal processor calculates the
partial extension coefficient according to the sum result of the
distortion of the color impression of the input image signals
respectively corresponding to regions. The first extension
coefficient is a partial extension coefficient corresponding to
the region representing at least two input image signals
among the plurality of partial extension coefficients respec-
tively corresponding to the regions in the previous frame.

[0013] The signal processor according the present inven-
tion: converts the magnitude of the input image signal accord-
ing to a scale factor; extension-converts the converted input
image signal of at least two dots among the converted input
image signals according to the first extension coefficient to
generate the four-color image signals of at least two dots
corresponding to the first color, the second color, the third
color, and the white color, to respectively sum the distortion
amount of the color impression of the four-color image signal
of at least two dots, to calculate the partial extension coeffi-
cient according to the sum result, and to extension-convert the
converted input image signals of at least two dots according to
the partial extension coefficient thereby generating the four-
color output image signals of at least two dots corresponding
to the first color, the second color, the third color, and the
white color; calculates a current amount corresponding to the
four-color output image signals; and changes the maximum
extension coefficient as a maximum value of the partial exten-
sion coefficient and the scale factor when the current is
exceeds a predetermined range. The current amount is a total
amount of the current corresponding to the four-color output
image signal of one frame unit. The signal processor includes:
a scaler converting the magnitude of the input image signals
according to the scale factor, and generating the converted
input image signals converted by the scale factor; an RGBW
converter respectively extension-converting the converted
input image signals corresponding to the first extension coef-
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ficient to generate the four-color image signals, comparing
the grays respectively corresponding to the four-color image
signals of at least two dots with the maximum gray to calcu-
late each excess value, and extension-converting the con-
verted input image signal according to the partial extension
coefficient to generate the four-color output image signal; a
distortion adder calculating the distortion amount of the color
impression by using the calculated excess value, and sum-
ming the distortion amount of the color impression corre-
sponding to the first region of the display panel corresponding
to at least two converted input image signals; a partial exten-
sion coefficient determiner calculating the partial extension
coefficient according to the summed distortion amount of the
color impression, estimating the calculated partial extension
coefficient to be smaller than the maximum extension coef-
ficient as the partial extension coefficient of the first region,
and transmitting the partial extension coefficient to the
RGBW converter; and a controller detecting the current
amount of the four-color output image signals and controlling
at least one among the scale factor and the maximum exten-
sion coefficient when the current amount exceeds the prede-
termined range for the current amount to be included in the
predetermined range. The controller determines whether the
scale factor is the maximum value if the current amount is less
than the predetermined range, and if the scale factor is the
maximum value, the maximum extension coefficient is
increased by the predetermined range, while if the scale factor
is less than the maximum value, the scale factor is increased.
The controller determines whether the maximum extension
coefficient is the minimum value if the current amount is more
than the predetermined range, and if the maximum extension
coefficient is the minimum value, the scale factor is decreased
by the predetermined range, while if the maximum extension
coefficient is more than the maximum value, the maximum
extension coefficient is decreased. The partial extension coef-
ficient determiner amends the partial extension coefficient of
the first region by interpolating into the entire region of the
display panel, and transmits the partial extension coefficient
along with the amended partial extension coefficient corre-
sponding to the input image signal of at least two dots and the
corresponding address to the RGBW converter. The RGBW
converter extension-converts the input image signal by using
the partial extension coeflicient corresponding to the address
to generate the four-color output image signals. The signal
processor further includes a rearrangement portion receiving
the four-color output image signal, and rearranging and stor-
ing the four-color output image signal according to the
arrange structure of the pixel.

[0014] A method for processing image signals of an organic
light emitting display device including a plurality of pixels
representing a first color, a second color, a third color, and a
white color and generating a plurality of four-color output
image signals by extension-converting a plurality of input
image signals representing the first to third colors includes:
extension-converting a plurality of input image signals of at
least two dots among the input image signals for the first to
third colors according to the first extension coefficient to
generating the four-color image signals of at least two dots;
calculating a distortion amount of a color impression corre-
sponding to at least two dots, summing the calculated distor-
tion amounts of the color impressions, and calculating a par-
tial extension coefficient corresponding -to the distortion
amount of the color impression; and extension-converting the
input image signals according to the partial extension coeffi-
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cient to generate the four-color output image signals. The
calculating of the partial extension coefficient includes cal-
culating an excess value by comparing each gray of the first to
third colors among the four-color image signal of at least two
dots except for the white color with the maximum gray;
calculating the distortion amount of the color impression of
each of the dots by summing the calculated excess values with
the dot unit; and adding the calculated distortions of the color
impressions. The calculating of the partial extension coeffi-
cient further includes amending the partial extension coeffi-
cient by interpolating into the entire region of the display
panel. In the generating of the four-color output image signal,
the input image signals are extension-converted by using the
partial extension coefficient corresponding to the address to
generate the four-color output image signals. The method
further includes receiving the four-color output image signals
and rearranging the four-color output image signals accord-
ing to the arrangement structure of the pixels. The first exten-
sion coefficient is a partial extension coefficient correspond-
ing to the region representing the input image signal of at least
two dots in the previous frame.

[0015] A method for processing image signals ofan organic
light emitting display device including a plurality of pixels
representing a first color, a second color, a third color, and a
white color and generating a plurality of four-color output
image signals by extension-converting a plurality of input
image signals representing the first to third colors includes:
converting the magnitude of the input image signals accord-
ing to a scale factor for the first to third colors, and generating
the converted input image signals by the scale factor; exten-
sion-converting the converted input image signals of at least
two dots among the converted input image signals according
to afirst extension coefficient to generate the four-color image
signals of at least two dots; calculating a distortion amount of
a color impression corresponding to at least two dots, sum-
ming the calculated distortion amounts of the color impres-
sions, and calculating a partial extension coefficient corre-
sponding to the summed distortion amounts of the color
impressions and less than a maximum value of the partial
extension coefficient; extension-converting the input image
signals according to the partial extension coeflicient to gen-
erate the four-color output image signals; and calculating the
current amount corresponding to the four-color output image
signal, and changing the scale factor or the maximum exten-
sion coefficient when the current exceeds the predetermined
range. The changing of the scale factor or the maximum
extension coefficient includes: determining whether the scale
factor is the maximum value if the current amount is less than
the predetermined range; increasing the maximum extension
coefficient by the predetermined range ifthe scale factor is the
maximum value; and increasing the scale factor if the scale
factor is less than the maximum value. The changing of the
scale factor or the maximum extension coefficient includes:
determining whether the maximum extension coefficient is
the minimum value if the current amount is more than the
predetermined range; decreasing the scale factor by the pre-
determined range if the maximum extension coefficient is the
minimum value; and decreasing the maximum extension
coefficient if the maximum extension coefficient is more than
the minimum value.

[0016] In the present invention, the extension coefficient is
different according to the partial region such that it is not
necessary to decrease the extension coefficient of the entire
region to display the pure color, thereby increasing the overall
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luminance. Also, the current amount input to the organic light
emitting diode is decreased due to the increase of the overall
luminance such that the lifetime of the organic light emitting
diode may be improved and the consumption power may be
reduced.

[0017] Also, the present invention limits the total of the
current amount of one frame so that is not over the predeter-
mined range. Accordingly, increased luminance may be pro-
vided by using the partial extension coefficient compared
with the use of the equal extension coefficient for the entire
display panel. Also, the reduction of the lifetime and the
increase of the consumption power of the organic light emit-
ting diode due to the excess of the total current amount over
the predetermined range that is generated by the may be
prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1is a block diagram of an organic light emit-
ting display device according to an exemplary embodiment.
[0019] FIG. 2 is an equivalent circuit diagram for one pixel
of an organic light emitting display device according to an
exemplary embodiment.

[0020] FIG. 3 is a view showing a plurality of pixels of an
organic light emitting display device according to an exem-
plary embodiment.

[0021] FIG. 4 is a view showing a plurality of regions of a
display panel according to an exemplary embodiment.
[0022] FIG. 5is a flowchart showing a method for convert-
ing three-color image signals into four-color image signals in
a signal processor according to an exemplary embodiment.
[0023] FIG. 6 is a graph showing the expansion of the
luminance values of image signals when converting three-
color input image signals into four-color output image signals
according to an exemplary embodiment.

[0024] FIG. 7 is a block diagram of a signal processor
according to an exemplary embodiment.

[0025] FIG. 8 is a block diagram of a signal processor
according to another exemplary embodiment.

[0026] FIG. 9 is flowchart showing a method for compen-
sating a scale factor (S) and a maximum expansion coefficient
(MAL) of a controller in a four-color organic light emitting
display device according to another exemplary embodiment.

DETAILED DESCRIPTION

[0027] In the following detailed description, certain exem-
plary embodiments are shown and described merely for pur-
pose of illustration. As those skilled in the art would realize,
the described embodiments may be modified in various dif-
ferent ways, all without departing from the spirit or scope of
the present disclosure.

[0028] Now, a first organic light emitting display device
(OLEDD) according to an exemplary embodiment of the
present disclosure will be described in detail with reference to
FIG. 1 to FIG. 3.

[0029] FIG. 1is a block diagram of an organic light emit-
ting display device according to an exemplary embodiment.
FIG. 2 is an equivalent circuit diagram for one pixel of an
organic light emitting display device according to an exem-
plary embodiment. FIG. 3 is a view showing a plurality of
pixels of an organic light emitting display device according to
an exemplary matrix arrangement.

[0030] As shown in FIG. 1, an organic light emitting dis-
play device according to an exemplary embodiment includes
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a display panel 300, a scan driver 400 and a data driver 500
that are connected to the display panel 300, as well as a gray
voltage generator 800 connected to the data driver 500, and a
signal controller 600 that controls them.

[0031] Referring to the equivalent circuit of FIG. 1, the
display panel 300 includes a plurality of gate signal lines
G1-Gn and data signal lines D1-Dm, as well as a plurality of
reference voltage lines (Vdd, Vgnd, not shown), and a plural-
ity of pixels PX connected to the signal lines G1-Gn and
D1-Dm and arranged substantially in a matrix shape.

[0032] The signal lines G1-Gn and D1-Dm include a plu-
rality of gate scanning lines G1-Gn transmitting row scanning
signals, and a plurality of data lines D1-Dm transmitting data
level signals. The scanning lines G1-Gn extend substantially
in a row direction and are substantially parallel to each other.
The data lines D1-Dm extend substantially in a column direc-
tion and are substantially parallel to each other. Each voltage
line (not shown) transmits a reference driving voltage Vdd.
[0033] Referring to FIG. 2, each pixel PX of the organic
light emitting display device according to an exemplary
embodiment; for example a pixel PX connected to the i-th
scanning line Gi (i=1, 2, .. ., n) and the j-th data line Dj (j=1,
2, ..., m), includes an organic light emitting diode LD, a
driving transistor Qd, a charge storage capacitor Cst, and a
switching transistor Qs.

[0034] Each of the switching transistor Qs and the driving
transistor Qd according to an exemplary embodiment is a of
an n-channel type field effect transistor (N-MOSFET). The
gate electrode of the switching transistor Qs is connected to
the scanning line Gi, the drain electrode thereof is connected
to the data line Dj, and the source electrode thereof is con-
nected to the gate electrode of the driving transistor Qd. The
switching transistor Qs transmits a data voltage Vd applied to
the data line Dj to the driving transistor Qd in response to a
row-activating scanning signal applied to the scanning line
Gi. The drain electrode of the driving transistor Qd is con-
nected to the driving voltage Vdd, and the source electrode
thereofis connected to the anode of the organic light emitting
element LD. The driving transistor Qd conducts a driving
current, [LD of which the magnitude is changed according to
the voltage difference (V ,,,,) between the gate electrode and
the source electrode of the Qd transistor.

[0035] The capacitor Cst is connected between the gate
electrode and the drain electrode of the driving transistor Qd.
The capacitor Cst charges to a potential corresponding to a
difference between the data voltage applied to the gate elec-
trode of the driving transistor Qd through the switching tran-
sistor Qs and the voltage Vdd. The capacitor Cst substantially
maintains the potential charged thereto after the switching
transistor Qs is turned-off to thereby uniformly maintain the
data voltage.

[0036] The organic light emitting element LD has an elec-
tric diode characteristic such that it is equivalently displayed
schematically as an organic light emitting diode. The organic
light emitting diode LD has an anode connected to the source
electrode of the driving transistor Qd and a cathode connected
to acommon voltage, Vcom. The organic light emitting diode
LD emits light having an intensity depending on an output
current ILD of the driving transistor Qd, thereby displaying
images. The organic light emitting diode LD may emit a
preselected one of the primary colors or the white color. An
example of a set of the primary colors includes red, green, and
blue, and adesired color is displayed with aspatially-adjacent
combination of the three primary colors each driven to a
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desired intensity. If a white light of respective intensity is
added to such synthesized light, the overall luminance
increases. (However, the color impression may change.)
Alternatively, the organic light emitting element LD of all
pixels PX may emit light of a white color, but some of the
pixels PX may further have a color filter (not shown) covering
them and changing the white light that is emitted from the
organic light emitting element LD to light of one of the
primary colors.

[0037] Referring to FIG. 3, pixels PX (where X=R, G, B or
W) for emitting a red color, a green color, a blue color, and a
white color light, i.e., a red pixel PR, a green pixel PG, a blue
pixel PB, and a white pixel PW, can be arranged in repeating
2x2 matrix form where the PW is in the bottom right corner
but could alternatively be any other corner. The so-arranged
2x2 pixel set is refered to herein as an example of a four color
dot “dot”. An OLED display in accordance with the disclo-
sure has a structure in which the dots are repeatedly disposed
in row and column directions. The red pixel PR and the blue
pixel PB are opposed to each other in a diagonal direction
within each dot, and surround a PW pixel on its top, bottom,
left and right sides. The green pixel PG and the white pixel
PW are opposed to each other in a diagonal direction in each
dot. It has been found that when the green pixel PG and the
white pixel PW are opposed to each other in a diagonal
direction in each dot, the OLED display appears to exhibit its
best color characteristics to the human eye.

[0038] While the 2x2 matrix arrangement of FIG. 3 is pre-
ferred, other four color pixel sets that include white (e.g., PR,
PG, PB, and PW) may be used and organized to have a linear
stripe structure for example or a pantile structure as opposed
to the mosaic arrangement of FI1G. 3.

[0039] In one embodiment, as mentioned, the switching
transistor Qs and the driving transistor Qd of each pixel PX
are n-channel metal oxide semiconductor field effect transis-
tors (MOSFETs) that are made of amorphous silicon or of
polysilicon. However, at least one of the transistors Qs and Qd
may be a p-channel MOSFET. Furthermore, the connection
relationship of the transistors Qs and Qd, the capacitor Cst,
and the OLED LD may be changed and need not be exactly as
shown in FIG. 2.

[0040] Referring again to FIG. 1, the scan driver 400
applies scanning signals to the scanning lines G1-Gn where
the supplied scanning signals (e.g., binary signals) have volt-
ages including a high voltage, Von that is connected to the
scanning lines G1-Gn of the display panel 300 to turn on the
corresponding switching transistor Qs (render them conduc-
tive) and a low voltage Voff to turn off the switching transistor
Qs.

[0041] The data driver 500 is connected to the data lines
D1-Dm of the display panel 300 to apply data voltages (e.g.,
analog voltages) that represent a display image signal to the
data lines D1-Dm.

[0042] The gray voltage generator 800 generates a plurality
of gray voltages to output to the data driver 500. The data
driver 500 may selectively pick from among the supplied
plurality of gray voltages and/or interpolate between them so
as to generate corresponding data voltage signals for appli-
cation to the data lines. The gray voltages may be adjusted to
be different for each color and in response to consideration of
the light emitting efficiencies and lifetimes of the utilized
light emitting materials in the PX pixels.
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[0043] The signal controller 600 controls operations of the
scan driver 400, the data driver 500, the gray voltage genera-
tor 800, etc.

[0044] Furthermore, the signal controller 600 includes a
signal processor 650 that receives a three-color input image
signal R/G/B, and generates a corresponding four-color out-
put image signal R/G'/B'/W therefrom where each of the R/,
G', and B' drive magnitudes is generally different from the
original R, G, and B input magnitudes. Operations of the
signal processor 650 will be described in greater detail below.
[0045] Each of the driving devices 400, 500, 600, and 800
may be directly mounted on the display panel 300 in a form of
at least one IC chip, mounted on a flexible printed circuit film
(not shown) to attach to the display panel 300 in a form of a
tape carrier package (TCP), or mounted on a separate printed
circuit board (PCB) (not shown). Alternatively, the driving
devices 400, 500, 600, and 800 along with the signal lines
G1-Gn and D1-Dm, and the transistors Qs and Qd, etc., may
be monolithically integrated in the display panel 300. Fur-
thermore, the driving devices 400, 500, 600, and 800 may be
integrated in a single chip, and in this case at least one among
them or at least one circuit element constituting them may be
provided outside of the single chip.

[0046] Now, an operation of the OLED display will be
described.
[0047] The signal controller 600 receives three-color input

image signals R, G, and B and an input control signal that
controls the display thereof from an external graphics con-
troller (not shown). The three-color input image signals R, G,
and B may be received as digital signals having respective
OLED drive values (gray scale values) corresponding to
desired luminance and chromiance of each dot based on three
colors and based on the limited number of the grays that may
be represented by the finite bits of each of the R, G, and B
digital signals, for example 1024 (=2'°), 256 (=2%), or 64
(=2%). Luminance and drive signal magnitude are generally
not the same thing. The luminance that each triad of gray
values will provide may be given by a gamma curve associ-
ated with the specific display device. Converting the three-
color input image signals R, G, and B or their gray drive
magnitudes to a corresponding effective luminance value is
called “gamma conversion”. The input control signal
includes, for example, a vertical synchronization signal
Vsyne, a horizontal synchronization signal Hsync, a main
clock signal MCLK, and a data enable signal DE. The signal
controller 600 includes the signal processor 650. When the
entire region at which the images are displayed is divided into
a plurality of regions in the display panel 300, the signal
processor 650 converts the three-color input image signals
according to one or more predefined partial expansion coef-
ficients (PEC) for each of plural image regions to thereby
generate corresponding four-color output image signals R',
G', B', and W that generally have enhanced luminance. The
partial extension coefficient (PEC) is a luminance extending
factor that generally functions to increase luminance in a
corresponding one of plural image regions and/or in a corre-
sponding one of plural gamut regions of a gamut map. It will
be seen that luminance cannot be increased uniformly for all
theorectical gamut regions and therefore enhancement of
luminance must be variably controlled. In the system of FIG.
1, a signal processor 650 extends the three-color input image
signal R, G, and B according to a calculated partial extension
coefficient (PEC) to thereby generate the corresponding four
color image signals R', G', B', and W of each region. The
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signal processor 650 also calculates a distortion amount fac-
tor (DAF) representing a distortion of color impression due to
the luminance change provided by a first partial extension
coefficient (PEC1). This distortion amount factor (DAF) is
used to add compensation to the generated four color image
signals (whose compensated versions may be denoted as
@R™, G™, B" and W™). The signal processor 650 converts
the three-color input image signal R, G, and B corresponding
to each region according to a second compensated partial
extension coefficient (PEC2) into the four-color output image
signal R™, G™, B™ and W" of a corresponding luminance
control region. The second extension coefficient is a function
of the distortion amount factor (DAF) and it is used for deter-
mining the degree of intensity extension applied to the red,
green, and blue light emissions as well as to the luminance of
the white color pixel to thereby improve the luminance of the
images displayed by the 4c-OLEDD.

[0048] Interms of more detail, if there were no white color
pixel present in a given dot, then there would be a first level of
maximum luminance (L,) that can be provided by just the
light emitters (OLEDS) of the three primary color pixels (e.g.,
R, G, B) in the dot. For sake of example, the first or base level
of maximum luminance (L) can be represented as a normal-
ized vector: 1,1 which is seen in the gamut map of FIG. 6. On
the other hand, when the white color pixel is added to the dot
and it provides a maximum supplement of white light emis-
sion, WS; then a second or fully extened level of maximum
luminance (L,) that can be provided by the dot may be rep-
resented as a normalized vector: (1+WS), (1+WS); which is
also seen in the gamut map of FIG. 6. The ratio of the maxi-
mum luminance that can be provided when the white color
pixel is present relative to the total luminance in the case that
only the luminance of the three color pixels are maximized is
called the full extension coefficient (FEC={(1+WS), (1+WS)
}1,1). Stated more simply, the maximum luminance that can
be output by a dot of the 4c-OLEDD 1s equal to the maximum
luminance that can be output by just the three color pixels plus
the maximum luminance that can be output by just the white
pixel. The base maximum luminance (L,) is therefore
increased by the supplementing luminance of the white color
pixel.

[0049] However, as mentioned, it is not always a good idea
to increase each input 3-color signal (R, G, B) by the maxi-
mum or full extension coefficient (FEC={(1+WS), (1+WS)
}1,1) because this may adversely affect color impression, In
the embodiment of FIG. 1, the signal processor 650 deter-
mines a partial extension coefficient (PEC=FEC) by first
determining a degree of distortion that would be added to the
original color impression of the original 3-color input signal
(R, G, B). This done by dividing the display panel into a
plurality of image regions. As above-described, the distortion
of an input color impression is generally produced when the
three-color input image signal (R, G, and B) essentially
defines a pure color (e.g., yellow; as red plus green only)
which does not itself contain a white componet (e.g.,
white=R+G+B). In such a case adding a white extension
component to an original color impression that has no pure
white component distorts the color impression of that dot.

[0050] Inaccordance with one aspect of the present disclo-
sure, the partial extension coefficient (PEC) in each of divided
image regions (luminance control regions) is compensated
for by respectively considering the degree of distortion of
color impression in each image region depending on whether
pure primary colors (no white component) are displayed in
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that region and accordingly adjusting the partial extension
coefficients (PEC) for each of the divided image regions such
that the maximum allowed luminance of a region in which a
pure color is not predominantly displayed is larger than the
maximum allowed luminance of a region in which a pure
color is predominantly displayed. Accordingly, even when a
pure color is predominantly displayed in one image region
(luminance control region), the luminance of the images that
are totally displayed in the display panel 300 can still be
enhanced if pure colors are not predominantly displayed in
other regions of the same display screen and the toal lumi-
nance is thus more increased than what was believed possible
in the conventional art.

[0051] When including the white color pixel in each dot,
not only is the overall luminance of the dot increased com-
pared with the luminance of a three colors only organic light
emitting dot, but also the per OLED magnitude of drive
current applied to each of the three color pixels may be
decreased if a nonpure color (a white containing color) is
displayed and part or all of the burden of generating the white
component is placed on the white color pixel. Since the life-
time of the organic light emitting diode (OLED) generally
corresponds directly to the magnitude of drive current flow-
ing through the OLED over time, if smaller currents are
caused to flow through each OLED when displaying a given
luminance, the lifetimes of the individual organic light emit-
ting diodes (LD) may be increased and prevention or reduc-
tion of damage to the organic light emitting diodes may be
obtained as well as possible reduction of power consumption
because each OLED is operating at a lowere powered part of
its T versus V curve (current versus voltage).

[0052] In FIG. 1, the signal controller 600 generates gate
control signals CONT1, data control signals CONT2, and
gray control signals CONT3, sends the gate control signals
CONT1 to the gate driver 400, and sends the four compen-
sated color image signals R™ G™, B™ and W' and the data
control signal CONT2 to the data driver 500.

[0053] The scan control signal CONT1 includes a scanning
start signal, STV for instructing to start scanning, and at least
one gate clock signal for controlling the output time of the
gate-on voltage Von. The scan control signal CONT1 may
further include at least one output enable signal OE for defin-
ing the duration time of the gate-on voltage Von

[0054] The data control signals CONT?2 include a horizon-
tal synchronization start signal, STH for informing of start of
transmission of the compensated four-color output image
signal R"™ G™, B" and W™ of one pixel row, a load signal
LOAD for instructing to apply the analog data voltages gen-
erated by converting the digital four-color image signal to the
data lines D1-Dm, and a data clock signal HCLK.

[0055] Responsive to the data control signals CONT2 from
the signal controller 600, the data driver 500 receives the
four-color output image signal R" G™, B" and W™ and con-
verts the four-color output image signal R™ G", B" and W™
into analog data voltages.

[0056] The scan driver 400 converts the scanning signal
applied to the scanning lines G1-Gn in response to the scan-
ning control signals CONT1 from the signal controller 600.

[0057] Thus, the switching transistors Qs of the corre-
sponding pixel row are turned on, and the driving transistor
Qd receives the corresponding data voltage through the
turned on switching transistor Qs. Each driving transistor Qd
outputs the driving current ILD corresponding to the applied
data voltage to the organic light emitting element LD.
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Accordingly, the organic light emitting element LD emits the
light of the magnitude corresponding to the driving current
ILD.

[0058] By repeating this procedure by a unit of a horizontal
period (also referred to as “1H” and that is equal to one period
of the horizontal synchronization signal Hsync and the data
enable signal DE), all scanning signal lines G, -G,, are sequen-
tially supplied with the high turn-on voltage Von one at a time,
thereby applying the data signals to all pixels PX to display an
image for a frame.

[0059] Next, the signal processor 650 according to an
exemplary embodiment will be described in greater detail
with reference to FIG. 3 to FIG. 7.

[0060] FIG. 4 is a view showing a plurality of regions of a
display panel 300 according to an exemplary embodiment of
the present invention.

[0061] As shown in FIG. 4, when the total number pixels of
the display panel 300 according to an exemplary embodiment
is 480x272 pixels. In one embodiment, the display screen is
subdivided into luminance control regions where one region
comprises 96 pixels (this corresponding to a rectangle of
12x8 PA (pixel areas) or 3x2 dots. Thus, the 480x272 display
panel 300 is subdivided into 40x34 luminance control
regions. The signal processor 650 according to an exemplary
embodiment generates a plurality of partial extension coeffi-
cients (PECs) each corresponding to one of the plurality of
luminance control regions, and converts the three-color input
image signals corresponding to each region into the four-
color output image signals of each region. Here, the partial
extension coeflicients (PECs) are respectively interpolated
relative to the whole display panel so that when a plurality of
three-color input image signals are converted in accordance
with the interpolated PECs, they generate smoothed out four-
color output image signals for the whole of the screen. For
convenience of explanation in FIG. 4, the luminance control
regions made of a 12x8 plurality of pixels is considered.
However, the present disclosure is not limited thereto. One
luminance control region of the display panel may be instead
be made of just two dots if not more.

[0062] A method forconverting the three-color input image
signals into the four-color image signals by the signal proces-
sor 650 according to an exemplary embodiment will now be
described with reference to FI1G. 5 to FIG. 7.

[0063] FIG. 5is a flowchart showing a method for convert-
ing three-color image signals into four-color image signals
corresponding to one luminance control region according to
an exemplary embodiment. It is to be understood that FIG. 5
is a flowchart of an algorithm that may be executed in signal
processor 650 according to an exemplary embodiment.
[0064] Referring to FIG. 5, the red, green, and blue image
signals R, G, and B of one input dot are assumed to have
respective drive magnitudes or gray values of GR, GG, and
GB at input step (S101). In input step (S102) the input image
drive signals R, G, and B of one input dot are gamma con-
verted according to a predefined gamma convertion function

I'():

+=T(GR)
&-T(GG)

b=T(GB).

[0065] As known to those skilled in the art, gamma conver-
sion means that the gray values GR, GG, and GB of the input
image signals are converted into corresponding luminance



US 2009/0213048 A1

values r, g, and b corresponding to the gray values GR, GG,
and GB that are used to drive the respective R, G, and B
emmiters.

x=aG V"’

[0066] In Equation 1, X is a luminance value of the signal,
GV is a gray value of the input signal, and ¥is a predefined
gamma constant and o is a predefined gain constant. For the
inverse function, the luminance values X is de-gamma con-
verted to obtain the corresponding gray value, GV. The de-
gamma conversion may be expressed by the following Equa-
tion 2.

(Equation 1)

GV=aXx""

[0067] The above Equations 1 and 2 are ideal, and the
modeled gamma curve of the organic light emitting display
element in practice may be a more complicated function than
what is portrayed above. The basic concepts hold even though
it is understood that gamma conversion and de-gamma con-
version functions may be more complex than the exemplary
functions provided here.

[0068] Next, in third step (S103), the maximum luminance
value and the minimum luminance value among the received
three luminance values: r, g, and b of the given dot are deter-
mined. That is to say,

(Equation 2)

M1=Max(, g, b) (Equation 3)
M2=Min(z, g, b) (Equation 4)
[0069] are obtained. Here, Max(x, y, . . . ) means the maxi-

mum valueamongx,y, .. ., is outputand Min(x, y, . . . ) means
the minimum value among X, y, . . . is output.

[0070] Next, the luminance values r, g, and b of the image
signals are extension-wise converted by multiplying them
with a first partial extension factor, (1+PE) where PE>0 thus
increasing the luminance values r, g, and b of the originally
input image signals by a corresponding first partial extension
coefficient (PEC) in step (S104).

[0071] FIG. 6 is a 2 dimensional gamut-and-luminance
map showing how the expansion of luminance vectors of
image signals may be thought of when converting three-color
image vectors (e.g., Al, B1, C1) into corresponding four-
color image vectors (e.g., A2, B2, C3). In FIG. 6, the hori-
zontal axis (x) and the vertical axis (y) represent the normal-
ized luminance of two selected pure colors, say red and green.
In one embodiment, the selected two pure colors are those for
which the minimum value M2 x axis), the maximum value
M1 (y axis), in step S103 were determined. The 1x1 dashed
square represents the gamut available with just the selected
two pure colors. This is a normalized luminance and gamut
space. That is to say, when the input image drive signals R, G,
and B are signals of 8 bits apiece, the grays and the luminance
represented by the 8-bit image signals R, G, and B have 256
generally nonlinear steps from a 0-th to a 255-th. If these are
normalized, they become 0, 1/255, 2/235, . . ., 254/255, 1
steps. For example, if the luminance associated with a red
drive signal R 1s 255/255, and the luminance associated with
a green drive signal G is 100/255 and the luminance associ-
ated with a blue drive signal B is 60/100, then the luminance
of the blue signal B will be deemed smallest by the MIN and
MAX functions, while the luminance of the red signal R will
be deemed is largest by the MIN and MAX functions. In FIG.
6 an input RGB signal having luminance values 255/255,
100/255 and 60/100 will appear as point whose x coordinate
1s 60/255 and whose y is 255/255 (=1) and this exemplary
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point—which is not shown in FIG. 6—would appear on the
area of the 1x1 dashed square as opposed to appearing in a an
extended area outside he 1x1 dashed square.

[0072] Generally, when the white color pixel is not present
to provided supplemental white light, luminance of the input
color point may be mapped inside the dashed square defined
by coordinate points (0,0), (0,1), (1,1), and (0,1). Here, if the
white color pixel is added, the luminance and gamut region of
the color that can be possibly expressed takes on a hexagonal
shape defined by coordinate points: (0,0), (1,0), (1+PW, PW),
(1+PW,1+4PW), (PW, 14PW), and (0, 1) such that the 3-col-
ors-only dashed square is basically extended in the (1, 1)
direction by a diagonal extension coefficient WS. Again, so to
speak, the given red, green, and blue image signals may be
diagonally enlarged by a factor of (14PW). However, there is
a region of the illustrated gamut map where enlargement is
not possible or is undesirable. The not-allowed first triangle,
NE1 made of corner points (1, 0), (1+PW, 0), and (1+PW,
PW) and the not-allowed second triangle NE2, made of cor-
ner points (0, 1), (PW, 14PW), and (0, 14PW) are disallowed
regions in the four-color organic light emitting device
because extension into NE1 or NE2 either causes too much
distortion of color impression and/or because the OLEDs
cannot be safely driven to obtain that luminance output. A
disallowed region is generally a region in which the strong
pure color is predominantly represented. When the image
signal is extension-wise converted with the ratio of (1+PW),
if the resultant color lies in either of the two triangle regions,
NE1 and NE2, then the partial extension coefficient should be
reselected to have a different, lower ratio in substitution for
the (1+PW) factor through appropriate conversion. Gener-
ally, the partial extension coefficient PW should be decreased
for a signal that at first is extensionally converted to lie in one
of the two not-allowed triangle regions, NE1 and NE2.
[0073] For example, the luminance points, Al and Bl,
which are represented by two similarly colored pairs among
the three-color input image signals in FIG. 6, are respectively
and extension-wise converted into the points A2 and B2 from
the starting point (0, 0) by the 1+PW per-axis multiplying
factor being applied to each pure color axis, this will increase
the distance between the points Al and B1, and the starting
point (0, 0) according to the straight line vectors connecting
the points A1 and B1 to the starting points 0 and O (the origin)
and extending to respective points A2 and B2. That is to say,
the M1 and M2 vector components are extensionally convert-
ible into the M1 and M2 vector components (1+PW)*M1 and
(1+PW)*M2 as long as the results of this first extension
attempt do not end up lying in the not-allowed triangle
regions, NE1 and NE2.

[0074] The luminance results of the initial expansion con-
version are as follows.
r=(1+WS)r (Equation 5)
g=(1+"8)g (Equation 6)
b'=(1+WS8)b (Equation 7)
[0075] Next, the luminance values of the three-color image

signals including the luminance values w of a white image
signal are extracted.

[0076] The luminance value, w of the luminance-supple-
manting white color image signal is determined according to
yes or no satisfaction of the following Equation 8.

MU*WSZ 1+ WS)*M2, where M1 and M2 are pre-

extension y and x coordinates. (Equation 8)
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[0077]
[0078]

w=M1*W¥S (This meaning that w is guaranteed to sat-
isfy wE(1+WS)*M2).

[0079]

w=M2*(1+W5) (This meaning that w is still guaran-
teed to satisfy w=(1+W5)*M2).

[0080] That is to say, the smallest value, M2*(1+WS)
among the conversion wise extendible luminance values (r, g,
b) is determined as the supplementing luminance value, w of
the white signal.

[0081] In additional, the luminance value w of the white
signal may be determined by various other methods. For
example, the luminance value w of the white signal may
instead be determined as the minimum value M2, or the
luminance value w of the white signal may be determined by
Equation 10 regardless of the satisfaction of Equation 8.

[0082] Next, the once-extended luminance values of red,
green, and blue image vectors (¢, b', ') are reduced by sub-
tracting away the approximate luminance supplement pro-
vided by the w value of the white signal.

In other words, y/x<(1+ws)/ws.
In the case of satisfying Equation 8,

(Equation 9)

Otherwise,

(Equation 10)

ri=r'-w (Equation 11)
g'=g"-w (Equation 12)
bi=b'-w (Equation 13)
[0083] Then, the resultant luminance values t", g", b", and

w of the red, green, blue, and white image vectors are de-
gamma converted (step S106) to obtain the gray drive values
for each of the white, red, green, and blue image drive signals.

GR'=T7(") (Equation 14)
GG'=TY(g" (Equation 15)
GB'=T'(b") (Equation 16)
[0084] Next, in step S107, it is determined whether the

de-gammaed gray values GR', GG', and GB' of the red, green,
and blue image signals are higher than the maximum possible
gray drive value, for example higher than the 255-th gray
value, GVmax among the zero-th to 255-th grays.

GR', GG, GB’»>GVmax?

[0085] IfEquation 17 is satisfied for any of the gray values,
the corresponding result of Equation 14 to Equation 16 is
replaced by GVmax (saturation step S108). However, if
Equation 17 is not satisfied, the corresponding result obtained
in Equation 14 to Equation 16 is maintained (step S109).

[0086] Here, satisfying Equation 17 indicates, for example
as shown in FIG. 6, that an attempt has been made to extend
apoint like C1 for example into becoming a point like C2 that
lies in the irreproducible area NE1. Since this is not possible,
the initial extension attempt is retracted to (taken back to) a
less extended point C3 of the reproducible area CE in satura-
tion step S108. Since the saturation step S108 does not always
retract along a straight line relative to the original extension
vector (e.g., C1 to C2), the saturation step S108 is considered
to have distorted the color impression. The distortion amount
of the color impression may be calculated as follows.

[0087] Firstly, the difference between the points C3 and C2
that are respectively disposed in the reproducible area CE and
the irreproducible areas NE1 and NE2, that is, the excess

(Equation 17)
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amount or over-brightness, OB, over the highest gray
GVmax, is calculated (§110). The gray of each image signal
may be calculated as follows.

OBR=GR'-GVmax (Equation 18)

OBG=GG-GVmax (Equation 19)

OBB=GB'-GVmax

[0088] In one embodiment, the distortion amount of the
color impression due to over-brightness (OB) s calculated for
the red, green, and blue image signals R, G, and B of one dot
by adding all the squares of the excess amounts (if any) like
Equation 21 (S111).

Ce=0BR*+0BG*+0OBR?

[0089] This is just one possible method for modeling the
distortion effect due to over-brightness (OB). Numerous
other summing methods may be used in its place. For
example, to increase the modeled amount of distortion to the
color impression, the cube values and/or the values of more
than the squares of each of the over-brightness (OB) magni-
tudes may be added together, and/or linear combinations of
the over-brightness (OB) values may be added so as to avoid
the computational overhead of the square calculations.
[0090] The total distortion amount, TCe of the color
impression of each luminance control region may be calcu-
lated through this method. In one embodiment, the total dis-
tortion amount TCe of the color impression of each lumi-
nance control region may be calculated by summing the over-
brightness distortion amounts Ce of the color impressions of
the three-color input image signals in the given luminance
control region. @@ (@After the calculation of the distortion
amount of the color impression for the one set of image
signals of red and blue of one dot as in Equation 21, the
distortion amount of the color impression for each region is
calculated (S111). The distortion amount CE of the color
impression of each region is calculated by summing the dis-
tortion amount Ce of the color impression of each region as in
Bquation 22.

(Equation 20)

(Equation 21)

TCe=2Ce

[0091] The signal processor 650 amends the partial exten-
sion coefficient PW of each region according to the calculated
distortion amount CE of the color impression of each region
into the appropriate range to calculate the partial extension
coefficient PW (S113). The corresponding relationship
between the distortion amount CE of the color impression and
the partial extension coefficient PW according to an exem-
plary embodiment of the present invention is determined by
using the pre-extracted value through the experimental
method. Deleted Texts They are made as a look-up table, and
the signal processor 650 may store the look-up table. After
amending the partial extension coefficient PW extracted from
the look-up-table by using interpolation, the partial extension
coefficient PW is finally generated. The signal processor 650
amends by interpolating the partial extension coefficient PW
of the corresponding region under the consideration of the
whole display panel. If the partial extension coefficient PW is
amended according to the interpolation, a partial extension
coefficient PW having a different value according to each
address AD in the same region is generated.

[0092] The signal processor 650 calculates the four-color
output image signals R", G", B", and W' according to the
partial extension coefficient PW for each address AD gener-

(Equation 22)
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ated in this way (S114). The four-color output image signal
R",G",B",and W' is obtained through the repeated execution
0f S104 to S106 by using the partial extension coefficient PW
according to each address AD.

[0093] In the organic light emitting display device accord-
ing to an exemplary embodiment of the present invention, the
input image signal of every frame is extensionally converted
by using the partial extension coefficient PW determined by
the predetermined value, and the distortion amount of the
color impression is calculated according to each region to
amend the partial extension coefficient PW according to the
calculated distortion amount of the color impression. Here,
the partial extension coefficient PW of the current frame
before the amendment (hereinafter referred to as ‘the initial
partial extension coefficient’) may be determined by averag-
ing the partial extension coefficients PW of the regions that
are calculated in the previous frame.

[0094] Alternatively, the partial extension coefficients PW
corresponding to each region of the previous frame may be
determined as the initial partial extension coefficient PW of
the region of the current frame image.

[0095] FIG. 7 is a block diagram of a signal processor
according to an exemplary embodiment of the present inven-
tion. Referring to F1G. 7, a signal processor 650 of an organic
light emitting display device according to an exemplary
embodiment of the present invention receives a plurality of
three-color input image signals R, G, and B from the external
and generates one white color output image signal W' and a
three-color output image signal R", G", B' from each three-
color input image signal R, G, and B.

[0096] The signal processor 650 includes a RGBW con-
verter 651, a distortion adder 652, an extension coefficient
determiner 653, and a rearrangement portion 654.

[0097] The RGBW converter 651, if the three-color input
image signal R, G, and B is input, gamma converts it, and
calculates a maximum value M1 and a minimum value M2.
The RGBW converter 651 extracts the luminance valuesr', g,
and b' including the luminance value w of a white image
signal by using an initial partial extension coefficient PW
with a predetermined value. As above-described, the RGBW
converter 651 according to an exemplary embodiment of the
present invention uses the partial extension coefficient PW
with the predetermined value, or may use an average value of
the partial extension coefficient PW of the previous frame or
the partial extension coefficient PW of the partial region as the
initial partial extension coefficient PW of the current frame.
Furthermore, the RGBW converter 651 respectively deter-
mines the rest in which the luminance value w of the white
color signal extracted from the extension-converted values r',
¢, and b' is subtracted as the luminance values r", g", and b"
of red, green, and blue image signals. The RGBW converter
651 calculates the gray values GR', GG', GB', and GW of the
four-color image signal generated by digamma converting the
luminance values r, g", b", and w of red, green, blue, and
white image signals. The RGBW converter 651 determines
whether the gray values GR', GG', GB', and GW of the four-
colorimage signals exceeds the maximum gray value GVmax
to calculate the excess amounts OBR, OBG, and OBB per
each image signal based on Equation 21, and transmits the
address AD representing the position of the pixel at which the
gray value GR', GG', GB, and GW of the four-color image
signal is displayed and the excess amounts OBR, OBG, and
OBB per each image signal to the distortion adder 652. Also,
the RGBW converter 651 receives the address AD input from
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the partial extension coefficient determiner 653 and the par-
tial extension coefficient PW corresponding to the address,
and repeats S104-S106 of FIG. 6 according to the partial
extension coefficient PW to extract the input image signal R,
G, and B as a four-color output image signal R", G", B", and
W'. The RGBW converter 651 outputs the converted four-
color output image signal R", G*, B", and W* to the rearrange-
ment portion 654.

[0098] The distortion adder 652 receives the exceed
amounts OBR, OBG, and OBB per each image signal to
calculate the distortion amount CE of the color impression for
each region based on Equation 22. The distortion adder 652
recognizes the address to determine whether the calculated
distortion amount CE of the color impression is included to
the region among the plurality of display areas, and transmits
aregion discernment signal NT of the determined region and
the calculated distortion amount CE of the color impression
to the partial extension coefficient determiner 653. The region
discernment signal NT is a signal that is respectively estab-
lished for every region to respectively discriminate a plurality
of regions of the display panel 310.

[0099] The partial extension coefficient determiner 653
extracts the partial extension coefficient PW from the look-up
table corresponding to the distortion of the color impression
CE, and compensates the extracted partial extension coeffi-
cient through interpolation to determine the partial extension
coefficient PW. The partial extension coefficient determiner
653 transmits the address AD along with the amended partial
extension coefficient PW corresponding to the address to the
RGBW converter 651. The partial extension coefficient deter-
miner 653 may store the address of the image signal and the
partial extension coefficient PW by mapping. The stored par-
tial extension coefficient PW corresponding to the address
may be determined as the initial partial extension coefficient
PW when converting the three-color input image signal of the
following frame. For this, the partial extension coefficient
determiner 653 may further include a memory (not shown)
for storing the partial extension coefficient (PW) according to
each address.

[0100] The rearrangement portion 654 appropriately
arranges the input four-color output image signal R", G", B",
and W' according to the arrangement of the pixels positioned
to the display panel 300 to store the four-color output image
signal R", G", B", and W'. The rearrangement portion 654
transmits the stored four-color output image signal to the data
driver 500.

[0101] Accordingly, the partial extension coefficient
becomes different according to each region such that itis not
needed to reduce the extension coefficient of the entire region
to represent the pure color, thereby increasing the overall
luminance. Also, the amount of the current input to each
organic light emitting diode through the increasing of the
overall luminance is reduced such that the lifetime of the
organic light emitting diode may be improved and the con-
sumption power may be reduced.

[0102] Next, a signal processor 650' according to another
exemplary embodiment of the present invention will be
described with reference to FIG. 8 and F1G. 9.

[0103] FIG. 8 is a block diagram showing a signal proces-
sor 650" according to another exemplary embodiment of the
present invention. A signal processor 650' according to
another exemplary embodiment of the present invention con-
verts the magnitude of the three-color input image signal R1,
G1, and Bl by using a scale factor S, differently from the
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above-described exemplary embodiment, and generates a
four-color image signal R1', G1', B1', and W1 by using the
converted three-color input image signal. Thus, the total cur-
rent amount TC of one frame image is extracted from the
plurality of four-color image signals R1', G1', B1', and W1 of
one frame unit. If the extracted current amount TC derivates
from the predetermined range, the partial extension coeffi-
cient PW1 and the scale factor S are compensated for the total
extracted current amount of one frame image to be included in
the predetermined range. The scale factor S, as the value to
limit the current flowing in the organic light emitting element,
may have a value between 0 to 1. The predetermined range
includes a range corresponding to the predetermined ration
for the maximum current amount that may flow according to
the image signal of one frame unit. This may be determined
by considering the lifetime and the consumption of the
organic light emitting diode through the experiment methods.

[0104] As shown in FIG. 8, the signal processor 650
according to another exemplary embodiment of the present
invention includes a scaler 651', an RGBW converter 652, a
distortion adder 653, a partial extension coefficient deter-
miner 654', a controller 655', and a rearrangement portion
656'.

[0105] The scaler 651' receives a plurality of three-color
input image signals R1, G1, and B1 from the external and
converts them into a plurality of three-color conversion image
signals sR1, sG1, and sB1 according to the scale factor S input
from the controller 655'. The three-color conversion image
signal sR1,sG1. and sB1 as the signal of which the magnitude
of the three-color input image signal R1, G1, and B1 is
changed according to the scale factor S has the value of which
the scale factor S is multiplied by the three-color input image
signal R1, G1, and B1 in the present exemplary embodiment.
The method in which the input image signal R1, G1, and B1
is changed according to the scale factor S may be changed
according special functions, differently from the present
exemplary embodiment.

[0106] The RGBW converter 652' receives the three-color
conversion image signal sR1, sG1, and sB1 output from the
scaler 651', and extension-converts the three-color convet-
sion image signal sR1, sG1, and sB1 corresponding to each
region according to the initial partial extension coefficient
PW1 to generate a four-color image signal R1', G1', B1', and
W1. The method in which the three-color conversion image
signal sR1, sG1, and sB1 is converted into the four-color
image signal R1', G1', B1', and W1 is the same as $102-S106
of the above-described exemplary embodiment of the present
invention. The RGBW converter 652' determines whether the
gray values GR1', GG1', GB1', and GW1 of the four-color
image signal exceed the maximum gray value GVmax and
calculates the excess values OBR1, OBG1, and OBB1 per
each image signal on the basis of Equation 21, then transmits
an address AD1 representing the position of the pixel display-
ing the gray values GR1', GG1', GB1', and GW1 of the four-
color image signal and the excess values OBR1, OBG1, and
OBBI1 per each image signal to the distortion adder 653'.
Also, the RGBW converter 652' receives the input address
AD1 and the partial extension coefficient PW1 corresponding
to the address from the partial extension coefficient deter-
miner 654', and repeats S104-S106 of F1G. 6 according to the
partial extension coefficient PW1 to extract the input image
signal R1, G1, and B1 as the four-color output image signal
R1", G1", B1", and W1'. The RGBW converter 652' outputs
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the converted four-color output image signal R1*, G1*, B1",
and W1' to the rearrangement portion 656'.

[0107] The distortion adder 653' receives the excess values
OBR1, OBG1, and OBB1 per each image signal, and calcu-
lates the distortion amount CE1 of the color impression for
each region on the basis of Equation 22. The distortion adder
653' recognizes the address to determine whether the calcu-
lated distortion amount CE1 of the color impression corre-
sponds to the region among the plurality of display areas, and
transmits the region discernment signal NT1 and the distor-
tion amount CE1 of the color impression corresponding
thereto to the partial extension coefficient determiner 654'.
[0108] The partial extension coefficient determiner 654'
extracts the partial extension coefficient PW1 from the look-
up table corresponding to the distortion amount CE1 of the
color impression, and amends the extracted partial extension
coefficient through interpolation to determine the partial
extension coefficient PW1. The partial extension coefficient
determiner 654' transmits the address AD1 and the amended
partial extension coefficient PW1 corresponding to the
address AD1 to the RGBW converter 651. The partial exten-
sion coefficient determiner 654' controls for the partial exten-
sion coefficient PW1 to not exceed the maximum extension
coefficient MAL. The maximum extension coefficient MAL
is the maximum value that the partial extension coefficient
PW1 may have, and the controller 655' controls the value
thereof according to the current amount TC. The partial
extension coefficient determiner 654' controls that the plural-
ity of partial extension coefficients PW1 respectively corre-
sponding to the distortion amount CE1 of the color impres-
sion in the lookup table do not exceed the maximum
extension coefficient MAL. That is to say, the maximum
extension coefficient MAL of the four-color organic light
emitting display device according to another exemplary
embodiment of the present invention is a factor that is con-
trolled along with the scaler factor S to limit the current
amount TC of one frame.

[0109] The rearrangement portion 656' appropriately
arranges the input four-color output image signal R1", G1",
B1", and W1' according to the structure of the pixel of one dot
to the data driver 500.

[0110] Next, a method for controlling the controller 655',
the scale factor S, and the maximum extension coefficient
MAL will be described in detail with reference to FIG. 9.
[0111] FIG. 9 is flowchart showing a method for compen-
sating a scale factor (S) and a maximum expansion coefficient
(MAL) of a controller 655" in a four-color organic light emit-
ting display device according to another exemplary embodi-
ment of the present invention.

[0112] The controller 655' estimates the total current
amount TC of one frame image from the four-color output
image signal R", G", B", and W' of one frame unit which is
output to the RGBW converter 652'. The controller 655' may
estimate the total current amount TC by using the look-up
table in which the corresponding current values according to
the four-color output image signals are stored. The controller
655' compares the estimated total current amount TC with the
predetermined range (S201). Here, the predetermined range
is a range in which a permit limit value is considered in the
entire range of the reference current amount Limit, and the
range of the reference current amount Limit of the present
exemplary embodiment is from 15% to 30% of the maximum
current amount of one frame. Therefore, it is determined
whether the current amount TC is more than 15%-A or less
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than 30%+A. On the other hand, the permit limit value A is
generally determined in the range value of 2-5%, and consid-
ers the error range of the reference current amount Limit. The
present invention is not limited thereto, and the above-de-
scribed number is merely one example.

[0113] When the value of the current amount TC is in the
above-described predetermined range, the scale factor S and
the maximum extension coefficient MAL are not changed and
are output with the same values (S202). Here, the scale factor
S is output to the scaler 651', and the maximum extension
coefficient MAL is output to the partial extension coefficient
determiner 654'.

[0114] Inthe presentexemplary embodiment, the scale fac-
tor S of the initial state is determined as 1 and the maximum
extension coefficient MAL is determined as 0, the scale factor
S has a value of more than 0 and less than 1, and the maximum
extension coefficient MAL has a value more than 0 and less
than 1. Here, the constant value of the initial state is converged
into a uniform value inside several seconds after the operation
of the organic light emitting display device such that any other
value may be estimated inside the above-described range.

[0115] The controller 655' determines whether the value of
the current amount TC is less than or more than the predeter-

mined range when the value is not in the predetermined range
(S203)

[0116] Firstly, the case in which the value of the current
amount TC is less than the predetermined range will be
described. When the value of the current amount TC is less
than the predetermined range, the scale factor S is increased
to increase the current amount TC.

[0117] The controller 655' determines whether the scale
factor S has the maximum value 1 (S204). If the scale factor
S does not have the maximum value, the scale factor S is
increased by AS (S205). On the other hand, if the scale factor
S has the maximum value, the scale factor S may not be
increased such that the maximum extension coefficient MAL
is increased (S206). AS has 5™ mber o/ data bits iy the present
exemplary embodiment. That is to say, when the organic light
emitting display device according to the present exemplary
embodiment is operated with data of 8 bits, AS has a fixed
value with 1/2® (1/256). Here, AW has V3¢ "mber of data bits iy
the present exemplary embodiment. That is to say, when the
organic light emitting display device according to the present
exemplary embodiment is operated with the data of 8 bits,
AW has a fixed value of 1/2® (1/256). However, differently
from the present exemplary embodiment, the AS and AW
values may have varying values. That is to say, AS and AW are
estimated according to the predetermined function or to be
changed according to the condition such that the current
amount is optimized more quickly and correctly. If the values
of AS and AW are large, the required current amount may be
obtained quickly, but there is a danger that the luminance
change of every frame may be visible.

[0118] On the other hand, the case in which the value of the
current amount TC is less than the predetermined range will
now be described.

[0119] Firstly, it is determined whether the maximum
extension coefficient MAL has the minimum value of 0
(8207). If the maximum extension coefficient MAL does not
have the minimum value, the maximum extension coefficient
MAL is decreased by AW (S208). In the present exemplary
embodiment, AW of S208 has 4% number of data bits 4 i S0,
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According to the exemplary embodiment, it is possible for
AW to have a different value from that if S206 to optimize the
current amount.

[0120] Next, the controller 655' respectively outputs the
decreased maximum extension coefficient MAL and the scale
factor S to the partial extension coefficient determiner 654'
and the scaler 651'.

[0121] On the other hand, if the maximum extension coef-
ficient MAL has the minimum value 0, the scale factor S is
decreased by AS (S209). AS of $209 hag 5% member of data bits
in the present exemplary embodiment, as in S205. According
to the exemplary embodiment, it is possible for AS to have a
different value from that of S205 to optimize the current
amount.

[0122] Next, the controller 655' respectively outputs the
maximum extension coefficient MAL and the decreased scale
factor S to the partial extension coefficient determiner 654'
and the scaler 651'.

[0123] In this way, the controller 655' changes the scale
factor S and the maximum extension coefficient MAL
according to the current amount TC and respectively outputs
them to the scaler 651' and the partial extension coefficient
determiner 654'. Thus, the signal processor 650' converts the
three-color input image signal R, G, and B into the four-color
output image signal R1", G1", B1", and W1" according the
changed values when generating the change of the scale fac-
tor S and the maximum extension coefficient MAL. The con-
troller 655' again detects the current amount TC of the gen-
erated four-color output image signal R1", G1", B1", and W1'
to control the current amount TC according to S201 to S209.
[0124] In this way, the signal processor 650' according to
the current exemplary embodiment of the present invention
uses the maximum extension coefficient MAL for limiting the
scale factor S and the partial extension coefficient PW1 such
that it limits the total current amount TC of one frame from
exceeding the predetermined range. Accordingly, the
increased luminance may be provided by using the partial
extension coefficient compared with the use of the equal
extension coefficient for the entire display panel. Also, the
reduction of the lifetime and the increase of the consumption
power of the organic light emitting diode due to the excess of
the total current amount over the predetermined range that is
generated may be prevented.

[0125] While this invention has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention is
not limited to the disclosed embodiments, but, on the con-
trary, is intended to cover various modifications and equiva-
lent arrangements included within the spirit and scope of the
appended claims.

What is claimed is:

1. An organic light emitting display device comprising:

a display panel including a plurality of pixels displaying a
first color, a second color, a third color, and a white color;
and

a signal processor receiving a plurality of input image
signals respectively corresponding to the pixels, and
converting the input image signals of at least two dots
respectively representing the first color to the third color
among the input image signals according to a first exten-
sion coefficient to generate a plurality of four-color
image signals of at least two dots respectively represent-
ing the first color, the second color, the third color, and
the white color, to respectively sum a distortion amount
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of a color impression of the four-color image signals of
at least two dots, to calculate a partial extension coeffi-
cient corresponding to the sum result, and to extension-
convert the input image signals of at least two dots
according to the partial extension coefficient to thereby
generate the four-color output image signals of at least
two dots.

2. The organic light emitting display device of claim 1,

wherein

the signal processor includes:

an RGBW converter extension-converting the input image
signals of at least two dots according to the first exten-
sion coefficient to generate the four-color image signal
of at least two dots, calculating an excess value by com-
paring grays respectively corresponding to the four-
color image signal of at least two dots with a maximum
gray, and extension-converting the input image signal of
at least two dots according to the partial extension coef-
ficient to generate the four-color output image signals of
at least two dots;

a distortion adder calculating and summing the distortion
of the color impression by using the calculated excess
value to calculate the distortion amount of the color
impression of a first region of the display panel corre-
sponding to the input image signals of at least two dots;
and

a partial extension coefficient determiner calculating the
partial extension coefficient according to the distortion
amount of the color impression of the first region, esti-
mating the partial extension coefficient as the partial
extension coefficient of the first region, and transmitting
the partial extension coefficient to the RGBW converter.

3. The organic light emitting display device of claim 2,

wherein

the partial extension coefficient determiner

amends the partial extension coefficient of the first region
by interpolating into the entire region of the display
panel, and the partial extension coefficient corresponds
to each address of the input image signal of at least two
dots.

4. The organic light emitting display device of claim 3,

wherein

the RGBW converter

extension-converts the input image signals of at least two
dots by using the partial extension coefficient according
to the address to generate the four-color output image
signal of at least two dots.

5. The organic light emitting display device of claim 2,

wherein

the signal processor further includes

a rearrangement portion receiving the four-color output
image signals, and respectively rearranging the four-
color output image signals according to the arrangement
structure of the pixels.

6. The organic light emitting display device of claim 1,

wherein:

the pixels are divided into a plurality of groups and the
display panel is divided into a plurality of regions
according to the groups; and

the signal processor calculates the partial extension coef-
ficient according to the sum result of the distortion of the
color impression of the input image signals respectively
corresponding to regions.
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7. The organic light emitting display device of claim 6,
wherein

the first extension coefficient is

a partial extension coefficient corresponding to the region
representing at least two input image signals among the
plurality of partial extension coefficients respectively
corresponding to the regions in the previous frame.

8. The organic light emitting display device of claim 1,

wherein

the signal processor:

converts the magnitude of the input image signal according
to a scale factor, extension-converts the converted input
image signal of at least two dots among the converted
input image signals according to the first extension coef-
ficient to generate the four-color image signals of at least
two dots corresponding to the first color, the second
color, the third color, and the white color, to respectively
sum the distortion amount of the color impression of the
four-color image signal of at least two dots, to calculate
the partial extension coefficient according to the sum
result, and to extension-convert the converted input
image signals of at least two dots according to the partial
extension coefficient thereby generating the four-color
output image signals of at least two dots corresponding
to the first color, the second color, the third color, and the
white color; calculates a current amount corresponding
to the four-color output image signals; and changes the
maximum extension coefficient as a maximum value of
the partial extension coefficient and the scale factor
when the current exceeds a predetermined range.

9. The organic light emitting display device of claim 8,

wherein

the current amount is a total amount of the current corre-
sponding to the four-color output image signal of one
frame unit.

10. The organic light emitting display device of claim 8,
wherein

the signal processor includes:

a scaler converting the magnitude of the input image sig-
nals according to the scale factor, and generating the
converted input image signals converted by the scale
factor;

an RGBW converter respectively extension-converting the
converted input image signals corresponding to the first
extension coefficient to generate the four-color image
signals, comparing the grays respectively corresponding
to the four-color image signals of at least two dots with
the maximum gray to calculate each excess value, and
extension-converting the converted input image signal
according to the partial extension coefficient to generate
the four-color output image signal,

a distortion adder calculating the distortion amount of the
color impression by using the calculated excess value,
and summing the distortion amount of the color impres-
sion corresponding to the first region of the display panel
corresponding to at least two converted input image
signals;

a partial extension coefficient determiner calculating the
partial extension coefficient according to the summed
distortion amount of the color impression, estimating
the calculated partial extension coefficient to be smaller
than the maximum extension coefficient as the partial



US 2009/0213048 A1

extension coefficient of the first region, and transmitting
the partial extension coefficient to the RGBW converter;
and

a controller detecting the current amount of the four-color

output image signals and controlling at least one among
the scale factor and the maximum extension coefficient
when the current amount exceeds the predetermined
range for the current amount to be included in the pre-
determined range.

11. The organic light emitting display device of claim 10,
wherein

the controller

determines whether the scale factor is the maximum value

if the current amount is less than the predetermined
range, and if the scale factor is the maximum value, the
maximum extension coefficient is increased by the pre-
determined range, while if the scale factor is less than the
maximum value, the scale factor is increased.

12. The organic light emitting display device of claim 10,
wherein

the controller

determines whether the maximum extension coefficient is

the minimum value if the current amount is more than
the predetermined range, and if the maximum extension
coefficient is the minimum value, the scale factor is
decreased by the predetermined range, while if the maxi-
mum extension coefficient is more than the maximum
value, the maximum extension coefficient is decreased.

13. The organic light emitting display device of claim 10,
wherein

the partial extension coefficient determiner

amends the partial extension coefficient of the first region

by interpolating into the entire region of the display
panel, and transmits the partial extension coefficient
along with the amended partial extension coefficient
corresponding to the input image signal of at least two
dots and the corresponding address to the RGBW con-
verter.

14. The organic light emitting display device of claim 13,
wherein

the RGBW converter

extension-converts the input image signal by using the

partial extension coefficient corresponding to the
address to generate the four-color output image signals.

15. The organic light emitting display device of claim 10,
wherein

the signal processor further includes

a rearrangement portion receiving the four-color output

image signal, and rearranging and storing the four-color
output image signal according to the arrangement struc-
ture of the pixel.

16. A method for processing image signals of an organic
light emitting display device including a plurality of pixels
representing a first color, a second color, a third color, and a
white color and generating a plurality of four-color output
image signals by extension-converting a plurality of input
image signals representing the first to third colors, compris-
ing:

extension-converting a plurality of input image signals of

at least two dots among the input image signals for the
first to third colors according to the first extension coef-
ficient to generate the four-color image signals of at least
two dots;
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calculating a distortion amount of a color impression cor-
responding to at least two dots, summing the calculated
distortion amounts of the color impressions, and calcu-
lating a partial extension coefficient corresponding to
the distortion amount of the color impression; and

extension-converting the input image signals according to
the partial extension coefficient to generate the four-
color output image signals.

17. The method of claim 16, wherein

the calculating of the partial extension coefficient includes:

calculating an excess value by comparing each gray of the

first to third colors among the four-color image signal of
at least two dots except for the white color with the
maximum gray;

calculating the distortion amount of the color impression of

each of the dots by summing the calculated excess val-
ues with the dot unit; and

adding the calculated distortions of the color impressions.

18. The method of claim 17, wherein

the calculating of the partial extension coefficient further

includes

amending the partial extension coefficient by interpolating

into the entire region of the display panel.

19. The method of claim 18, wherein,

in the generating of the four-color output image signal,

the input image signals are extension-converted by using

the partial extension coeflicient corresponding to the
address to generate the four-color output image signals.

20. The method of claim 16, further comprising

receiving the four-color output image signals and rearrang-

ing the four-color output image signals according to the
arrangement structure of the pixels.

21. The method of claim 16, wherein

the first extension coefficient is

a partial extension coefficient corresponding to the region

representing the input image signal of at least two dots in
the previous frame.

22. A method for processing image signals of an organic
light emitting display device including a plurality of pixels
representing a first color, a second color, a third color, and a
white color and generating a plurality of four-color output
image signals by extension-converting a plurality of input
image signals representing the first to the third colors, com-
prising:

converting the magnitude of the input image signals

according to a scale factor for the first to third colors, and
generating the converted input image signals by the
scale factor;
extension-converting the converted input image signals of
at least two dots among the converted input image sig-
nals according to a first extension coefficient to generate
the four-color image signals of at least two dots;

calculating a distortion amount of a color impression cor-
responding to at least two dots, summing the calculated
distortion amounts of the color impressions, and calcu-
lating a partial extension coefficient corresponding to
the summed distortion amount of the color impression
and less than a maximum value of the partial extension
coefficient;

extension-converting the input image signals according to

the partial extension coefficient to generate the four-
color output image signals; and

calculating the current amount corresponding to the four-

color output image signal, and changing the scale factor
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or the maximum extension coefficient when the current
exceeds the predetermined range.

23. The method of claim 22, wherein

the changing of the scale factor or the maximum extension
coefficient includes:

determining whether the scale factor is the maximum value
if the current amount is less than the predetermined
range;

increasing the maximum extension coefficient by the pre-
determined range if the scale factor is the maximum
value; and

increasing the scale factor if the scale factor is less than the
maximum value.

Aug. 27, 2009

24. The method of claim 22, wherein

the changing of the scale factor or the maximum extension
coefficient includes:

determining whether the maximum extension coefficient is
the minimum value if the current amount is more than
the predetermined range;

decreasing the scale factor by the predetermined range if
the maximum extension coefficient is the minimum
value; and

decreasing the maximum extension coefficient if the maxi-
mum extension coefficient is more than the minimum
value.
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