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(57) ABSTRACT

An organic light emitting display device includes: a display
panel including red, green, blue, and white (RGBW) subpix-
els; a first data conversion unit configured to convert red,
green, and blue (RGB) data signals into RGBW data signals;
an average picture level calculation unit configured to calcu-
late an average picture level (APL) for the RGB data signals;
a peak luminance controller configured to control luminance
of at least one frame by using the APL and a look-up table; and
a data compensation unit configured to perform a compensa-
tion operation on at least one of the RGB data signals in
response to color coordinates of white (W) data signals
among the RGBW data signals output from the first data
conversion unit being different from a target value.
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ORGANIC LIGHT EMITTING DIODE
DISPLAY DEVICE AND METHOD OF
DRIVING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims the benefit under 35 U.S.C.
§119(a) of Korean Patent Applications No. 10-2011-
0052965, filed on Jun. 1, 2011, and No. 10-2011-0087785,
filed on Aug. 31, 2011, in the Korean Intellectual Property
Office, the entire disclosure of each of which is incorporated
by reference herein for all purposes.

BACKGROUND
[0002] 1. Field of the Invention
[0003] The following description relates to an organic light

emitting diode display device and method of driving the
same.

[0004] 2. Discussion of the Related Art

[0005] An organic electro-luminescence (EL) element,
e.g., an organic light emitting diode (OLED), employed in an
organic light emitting display device is a self-emissive ele-
ment in which a light emitting layer is formed between two
electrodes. Specifically, in the organic EL element, electrons
and holes are injected into a light emitting layer from an
electron injection electrode (or a cathode) and a hole injection
electrode (or an anode), respectively, and excitons are formed
when the injected electrons and holes are combined and emit
light when the excitons transition from an excited state to a
ground state.

[0006] In the organic light emitting display device, when
scan signals, data signals, power, and the like, are supplied to
subpixels disposed in a matrix form, selected subpixels emit
light, thus displaying an image. Organic light emitting dis-
play devices can be classified into red/green/blue (RGB)
organic light emitting display devices having red (R), green
(G), and blue (B) sub-pixels and red/green/blue/white
(RGBW) organic light emitting display devices having R, G,
B, and white (W) sub-pixels.

[0007] An RGB organic light emitting display device uses
a peak luminance control (PLC) method which is imple-
mented by varying a gamma voltage according to an average
picture level (APL) which is calculated based on a luminance
component of RGB sub-pixels. The peak luminance control
method has an advantage in adjusting a luminance according
to display images.

[0008] Thus, the RGB organic light emitting display device
may reduce power consumption and increase the display
quality by using the peak luminance control method. On the
other hand, an RGBW organic light emitting display device
does not use a peak luminance control method. Thus, a power
consumption of the related art RGBW organic light emitting
display device is greater than the RGB organic light emitting
display device. Accordingly, the RGBW organic light emit-
ting display device is required to reduce the power consump-
tion and to increase the display quality.

SUMMARY

[0009] Embodiments of the present invention relate to an
organic light emitting diode display device and method of
driving the same.

[0010] Advantages, objects, and features of the disclosure
will be set forth in part in the description which follows and in
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part will become apparent to those having ordinary skill in the
art upon examination of the following or may be learned from
practice of the invention. The objectives and other advantages
of the invention may be realized and attained by the structure
particularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0011] To achievethese objects and other advantages and in
accordance with the purpose according to an aspect of the
present invention, there is provided an organic light emitting
display device, including: a display panel including red,
green, blue, and white (RGBW) subpixels, a first data con-
version unit configured to convert red, green, and blue (RGB)
data signals into RGBW data signals, an average picture level
calculation unit configured to calculate an average picture
level (APL) for the RGB data signals, a peak luminance
controller configured to control luminance of at least one
frame by using the APL and a look-up table, and a data
compensation unit configured to perform a compensation
operation on at least one of the RGB data signals in response
to color coordinates of white (W) data signals among the
RGBW data signals output from the first data conversion unit
being different from a target value.

[0012] According to another aspect of the present inven-
tion, there is provided a method of driving an organic light
emitting display device, the method including: a data conver-
sion operation of converting red, green, and blue (RGB) data
signals into red, green, blue, and white (RGBW) data signals,
an average picture level calculation operation of calculating
an average picture level (APL) for the RGB data signals, a
data generation operation of generating data signals, such that
adata signal selected from among the RGB signals is supplied
in adisplay panel in response to color coordinates of the white
(W) data signal among the RGBW data signals being differ-
ent from a target value, and a gain calculation operation of:
multiplying an arithmetical value, obtained by performing an
arithmetical operation on a current APL and a maximum
APL, with a value corresponding to a difference between a
gain of the RGB data signals corresponding to the maximum
APL and a gain of the RGB signals corresponding to a target
peak luminance APL, and adding the gain of the RGB data
signals corresponding to the target peak luminance APL to the
result value of the multiplication to calculate the correction
gain value of the RGB data signals.

[0013] According to another aspect of the present inven-
tion, there is provided an organic light emitting display
device, including: a display panel including red, green, blue,
and white (RGBW) subpixels, a scan driver and a data driver
configured to drive scan lines and data lines of the display
panel, respectively, a timing controller configured to control
the scan driver and the data driver, a data extraction unit
configured to: determine a representative value of every pixel
in one frame data supplied from the outside, and average the
representative values over all of the pixels, an average picture
level (APL) calculation unit configured to calculate an APL
by performing an arithmetical operation on the averaged rep-
resentative values extracted from the data extraction unit, and
a peak luminance controller configured to control luminance
of each of at least one frame by using the APL calculated by
the APL calculation unit and a look-up table.

[0014] According to another aspect of the present inven-
tion, there is provided a method of driving an organic light
emitting display device, the method including: determining a
representative value for each respective pixel, such that a
subpixel value including a greatest data value among red,
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green, and blue (RGB) subpixels in a single pixel is deter-
mined as a representative value for the single pixel, subse-
quently averaging the representative values over all of the
pixels, calculating an average picture level (APL) by per-
forming an arithmetical operation on the extracted averaged
representative values, and controlling the luminance of each
of at least one frame by using the calculated APL and a
look-up table.

[0015] Itistobeunderstood that both the foregoing general
description and the following detailed description are
examples and explanatory and are intended to provide further
explanation of embodiments of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The accompany drawings, which are included to
provide a further understanding of the invention and are
incorporated on and constitute a part of this specification
illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention.
[0017] FIG. 1 is a schematic block diagram of an organic
light emitting display device according to a first example
embodiment.

[0018] FIG. 2 is an example of a circuit diagram of a sub-
pixel.

[0019] FIG. 3 is an example of a block diagram of a scan
driver.
[0020]
driver.
[0021] FIG. 5 is a block diagram showing a portion of an
organic light emitting display device according to the first
example embodiment.

[0022] FIG. 6 is a more detailed block diagram showing a
portion of an organic light emitting display device according
to the first example embodiment.

[0023] FIG. 7 is a chart explaining an example of a color
coordinate compensation scheme of a data compensation
unit.

[0024] FIG. 8 is two graphs illustrating an example of a
peak luminance control scheme according to a related art
scheme of a comparative example in comparison to a scheme
of the first example embodiment.

[0025] FIG.9is a graph explaining, in more detail, the peak
luminance control scheme according to the first example
embodiment.

[0026] FIG. 10 is a graph of gain values over gray levels in
which the comparative example scheme and the scheme of
the first example embodiment are shown.

[0027] FIG. 11 is a flow chart illustrating a method of
driving an organic light emitting display device according to
the first example embodiment.

[0028] FIG. 12 is a graph of gain values according to the
scheme of the first example embodiment, compared to actual
gain values.

[0029] FIG. 13 is a graph of gain values according to the
scheme of the first example embodiment, compared to actual
gain values.

[0030] FIG. 14 is a graph of gamma curves according to the
first example embodiment over gamma curves according to
an actual measurement.

[0031] FIG. 15 is a graph showing color coordinates actu-
ally measured after the first example embodiment is applied
over color coordinates according to direct gamma setting.

FIG. 4 is an example of a block diagram of a data
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[0032] FIG. 16 is a block diagram showing an internal
configuration of an image processing unit and peripheral
circuit units according to a second example embodiment.
[0033] FIG. 17 is a graph showing a comparison between
APLs of frames according to the related art method and a
method of the second example embodiment.

[0034] Throughout the drawings and the detailed descrip-
tion, unless otherwise described, the same drawing reference
numerals should be understood to refer to the same elements,
features, and structures. The relative size and depiction of
these elements may be exaggerated for clarity, illustration,
and convenience.

DETAILED DESCRIPTION

[0035] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings. Like
reference numerals designate like elements throughout the
specification. In the following description, when a detailed
description of well-known functions or configurations related
to this document is determined to unnecessarily cloud a gist of
the invention, the detailed description thereof will be omitted.
The progression of processing steps and/or operations
described is an example; however, the sequence of steps and/
or operations is not limited to that set forth herein and may be
changed as is known in the art, with the exception of steps
and/or operations necessarily occurring in a certain order.
Names of the respective elements used in the following expla-
nations are selected only for convenience of writing the speci-
fication and may be thus different from those in actual prod-
ucts

First Example Embodiment

[0036] FIG. 1 is a schematic block diagram of an organic
light emitting display device according to a first example
embodiment. FIG. 2 is a view showing an example of a circuit
configuration of a subpixel. FIG. 3 is a block diagram show-
ing an example of a scan driver. FIG. 4 is a block diagram
showing an example of a data driver.

[0037] As shown in FIG. 1, an organic light emitting dis-
play device according to the first example embodiment may
include an image processing unit 110, a timing controller 120,
a data driver 130, a scan driver 140, and a display panel 150.
[0038] The display panel 150 may be formed as an organic
light emitting display panel including subpixels SPr, SPg,
SPb, and SPw disposed in a matrix form. The subpixels SPr,
SPg, SPb, and SPw represent a red subpixel, a green subpixel,
a blue subpixel, and a white subpixel respectively, and these
subpixels may form a single pixel P.

[0039] As shown in FIG. 2, each of the subpixels may
include a switching transistor SW, a driving transistor DR, a
capacitor Cst, and an organic light emitting diode (OLED) D.
In response to a scan signal supplied through a first scan line
SL1, the switching transistor SW may be turned on or turned
off to perform a switching operation to allow a data signal
supplied through a first data line DL1 to be supplied to a first
node nl. The data signal may be stored as a data voltage in the
capacitor Cst. The driving transistor DR may operate to allow
adriving current to flow between a first power source terminal
VDD and a second power source terminal GND according to
the data voltage stored in the capacitor Cst. The OLED D may
operate to emit light according to the driving current flowing
through the driving transistor DR.
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[0040] As mentioned above, the subpixels SPr, SPg, SPb,
and SPw may be configured to have a structure including the
switching transistor SW, the driving transistor DR, the
capacitor Cst, and the OLED D. This structure may be
referred to as a “2T1C” for short, where “T” stands for tran-
sistor and “C” stands for capacitor, i.e., two transistors and
one capacitor. The subpixels SPr, SPg, SPb, and SPw may
also be configured to have a structure including additional
transistors and capacitors, such as 3T1C (three transistors,
one capacitor), 4T2C (four transistors, two capacitors), 5T2C
(five transistors, two capacitors), or the like.

[0041] The subpixels SPr, SPg, SPb, and SPw may be
formed according to a top emission scheme, a bottom emis-
sion scheme, or a dual-emission scheme, depending on a
desired structure. Meanwhile, the red subpixel SPr, the green
subpixel SPg, and the blue subpixel SPb may be implemented
according to a color filter usage scheme on the basis of the
white subpixel SPw, or may be implemented according to a
scheme in which an organic substance included in the OLED
D of'the subpixels is formed to have a corresponding color, or
the like. Embodiments of the present invention are not limited
to these examples.

[0042] The image processing unit 110 may receive a verti-
cal synchronization signal, a horizontal synchronization sig-
nal, a data enable signal, a clock signal, and RGB data signals
RGB. The image processing unit 110 may convert the RGB
data signals RGB into RGBW data signals RGBW and may
supply the converted RGBW data signals to the timing con-
troller 120. The image processing unit 110 may determine the
gamma voltages for implementing peak luminance control
according to an average picture level (APL) for the RGB data
signals RGB. The image processing unit 110 may perform
various types of image processing, details of which will be
described later.

[0043] The timing controller 120 may receive the vertical
synchronization signal, the horizontal synchronization sig-
nal, the data enable signal, the clock signal, and the RGBW
data signals RGBW from the image processing unit 110. The
timing controller 120 may control an operation timing of the
data driver 130 and the scan driver 140 using the timing
signals, such as the vertical synchronization signal, the hori-
zontal synchronization signal, the data enable signal, the
clock signal, and the like. The timing controller 120 may
determine a frame period by counting the data enable signal
of one horizontal period so that the vertical synchronization
signal and the horizontal synchronization signal supplied
from the outside may be omitted. Control signals generated
by the timing controller may include a gate timing control
signal GDC for controlling an operation timing of the scan
driver 140 and a data timing control signal DDC for control-
ling an operation timing of the data driver 130. The gate
timing control signal GDC may include a gate start pulse, a
gate shift clock, a gate output enable signal, and the like. The
data timing control signal DDC may include a source start
pulse, a source sampling clock, a source output enable signal,
and the like.

[0044] In response to the gate timing control signal GDC
supplied from the timing controller 120, the scan driver 140
may sequentially generate scan signals to drive the transistors
in the subpixels SPr, SPg, SPb, and SPw included in the
display panel 150. The scan driver 140 may supply the gen-
erated scan signals to the subpixels SPr, SPg, SPb, and SPw
included in the display panel 150 through scan lines SL1-
SLm.
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[0045] AsshowninFIG. 3, the scan driver 140 may include
a shift register 61, a level shifter 63, a plurality of AND gates
62 connected between the shift register 61 and the level shifter
63, an inverter 64 for inverting a gate output enable signal
GOE, and the like. The shift register 61 may sequentially shift
a gate start pulse GSP using a plurality of dependently con-
nected D flip-flops according to a gate shift clock GSC. Each
of'the AND gates 62 may “AND” (logical product) an output
signal from the shift register 61 and an inverted signal of the
gate output enable signal GOE to generate an output, e.g., the
output of each AND gate is logical high only when both of its
inputs are logical high. The inverter 64 may invert the gate
output enable signal GOE and may supply the same to the
AND gates 62. The level shifter 63 may shift an output volt-
age swing width of the AND gates 62 into a swing width ofa
scan voltage. Scan signals output from the level shifter 63
may be sequentially supplied to the gate lines SL1-SLm. In
FIG. 3, the scan driver 140 is illustrated in the form of an
integrated circuit (IC). However, embodiments of the present
invention are not limited thereto, and the scan driver 140 may
be provided in the form of a gate-in panel on the display panel
150 through a thin film transistor (TFT) process.

[0046] In response to the data timing control signal DDC
supplied from the timing controller 120, the data driver 130
may sample the RGBW data signals RGBW supplied from
the timing controller 120 and may latch the sampled signals to
convert them into parallel data signals. For example, in
response to the data driver 130 converting the sampled signals
into the data signals having the parallel data signals, the data
driver 130 may convert the RGBW data signals RGBW from
digital data signals into analog data signals according to a
gamma voltage. For example, the digital data signals may be
converted into the analog data signals by a digital-to-analog
converter (DAC) included in the data driver 130. The data
driver 130 may supply the converted RGBW data signals
RGBW to the subpixels SPr, SPg, SPb, and SPw included in
the display panel 150 through the data lines DL.1-DLn.

[0047] AsshowninFIG. 4, the data driver 130 may include
a shift register 51, a data register 52, a first latch 53, a second
latch 54, a conversion unit 55, an output circuit 56, and the
like. The shift register 51 may shift a source sampling clock
SSC supplied from the timing controller 120. The shift reg-
ister 51 may deliver a carrier signal CAR to a next shift
register. The data register 52 may temporarily store the data
signals RGBW supplied from the timing controller 120 and
may supply them to the first latch 53. The first latch 53 may
sample data signals RGBW input in series according to a
clock sequentially supplied from the shift register 51, latch
them, and then, simultaneously output the latched signals.
The second latch 54 may latch the data signals RGBW sup-
plied from the first latch 53, and then, may simultaneously
output the latched signals in synchronization with the second
latch 54 of different source drive ICs in response to a source
output enable signal SOE. The conversion unit 55 may con-
vert the data signals RGBW input from the second latch 54
into gamma voltages GMA1-GMAn. The data signals
RGBW output from the output circuit 56 may be supplied to
the data lines DL1-DLn in response to the source output
enable signal SOE. The data driver 130 illustrated in FIG. 4 is
merely illustrative and embodiments of the present invention
are not limited thereto. For example, the data driver 130 may
be provided in various forms.
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[0048] The organic light emitting display device according
to the first example embodiment will be described in more
detail as follows.

[0049] FIG. 5 is a block diagram showing a portion of the
organic light emitting display device according to the first
example embodiment. FIG. 6 is a more detailed block dia-
gram showing a portion of an organic light emitting display
device according to the first example embodiment. FIG. 7 is a
view explaining an example of a color coordinate compensa-
tion scheme of a data compensation unit. FIG. 8 is a graph
explaining an example of a peak luminance control scheme
according to a scheme of the first example embodiment in
comparison to a comparative example scheme. FIG. 9 is a
graph explaining, in more detail, the peak luminance control
scheme according to the first example embodiment.

[0050] As shown in FIGS. 5 and 6, the organic light emit-
ting display device according to the first example embodi-
ment may include the image processing unit 110, the timing
controller 120, the data driver 130, and a gamma unit
(P-Gamma) 135. The organic light emitting display device
further includes an optical compensation look-up table (LUT)
119.

[0051] As shown in FIG. 5, the image processing unit 110
may include a first data conversion unit (RGB to RGBW) 116,
a data compensation unit (LIMO) 117, an average picture
level (APL) calculation unit 112, and a peak luminance con-
troller (PLC) 113. As shown in FIG. 6 in more detail, the
image processing unit 110 may further include a DE-gamma
unit 114, a DE-gamma look-up table (LUT) 115, and a second
data conversion unit (RGB to YCbCr) 111.

[0052] The DE-gamma unit 114 may serve to de-gamma
process the RGB data signals included in a single frame. For
example, to prevent a bit overflow, or the like, that may occur
during an arithmetic operation of converting the RGB data
signals input from the outside into the RGBW data signals,
the DE-gamma unit 114 may de-gamma process a received
inverse gamma to change it into a linear form, and then may
perform bit stretching thereon. In one example, through the
bit stretching performed by the DE-gammaunit 114, the RGB
data signals may be changed from 10 bits to 12 bits and then
output. The DE-gamma unit 114 may perform bit stretching
by using the DE-gamma look-up table (LUT) 115.

[0053] The first data conversion unit (RGB to RGBW) 116
may convert the RGB data signals output from the
DE-gamma unit 114 into RGBW data signals. One reason for
converting the RGB data signals into the RGBW data signals
by using the first data conversion unit (RGB to RGBW) 116 is
to drive the display panel including the RGBW subpixels.

[0054] The second data conversion unit (RGB to YCbCr)
111 may convert the RGB data signals supplied from the
outside into YCbCr data signals. In one example, the second
data conversion unit (RGB to YCbCr) 111 may convert the
RGB data signals into the YCbCr data signals by using a
transformation formula, such as Equation 1 shown below.

Y 0.299000  0.587000  0.114000 [[R[ [Equation 1]
Cb | =|-0.168736 -0.331264 0.500000 || G
Cr 0.500000 -0.418688 —0.081312 || B
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[0055] When the RGB data signals are converted into the
YCbCr data signals, the APL calculation unit 112 may cal-
culate an APL on the basis of the converted YCbCr data
signals.

[0056] TheAPL calculation unit 112 may calculate an APL
for the YCbCr data signals supplied from the second data
conversion unit 111. In one example, the APL calculation unit
112 can also calculate an APL for other types of data signals
than the YCbCr data signals. For example, rather than con-
verting the RGB data signals into the YCbCr data signals, the
second data conversion unit 111 may perform a different
operation, e.g., an operation of extracting only a maximum
value of the RGB data signals, or the like, or may delete it. The
APL calculation unit 112 may re-calculate the averaged rep-
resentative values, i.e., may average again the averaged rep-
resentative value in units of Nth frames (e.g., 5 frames, 30
frames, or the like) so that the identical APL can be applicable
to a plurality of frames (certain amount of frames). Problems,
such as flickering, or the like, that may arise when calculation
is performed for every frame can be prevented. The APL
calculation unit 112 may calculate the APL on the basis of a
moving AVG of an image or on the basis of scene change
detection.

[0057] When color coordinates of the W data signal among
the RGBW data signals output from the first data conversion
unit 116 are different from a target value, the data compen-
sation unit (LIMO) 117 may output compensated RGBW
data signals for displaying desired color coordinates. In an
example using a display panel including RGBW subpixels, in
response to a W image being displayed, only the W subpixel
may be used. In one example, the color coordinates of the W
subpixel may be different from a target value. Therefore, the
data compensation unit 117 may generate the compensated
RGBW data signals by adding at least one of the R, G, and B
signals to W signal, as shown in FIG. 7. For example, the
RGBW data signals RGBW may be changed from 12 bits to
10 bits by the data compensation unit 117 and then output
from the data compensation unit 117. The data compensation
unit 117 may multiply a value, obtained by performing an
arithmetic operation on a current APL and a maximum APL,
to a value of the difference between a gain of the RGB data
signals corresponding to the maximum APL and a gain of the
RGB data signals corresponding to a target peak luminance
PL to obtain a result value. In addition, the data compensation
unit 117 may add the gain of the RGB data signals corre-
sponding to the target peak luminance APL to the result value
to calculate (or obtain) correction gain values Gain of the
RGB data signals.

[0058] The peak luminance controller (PLC) 113 may con-
trol peak luminance of at least one frame by using the APL
calculated by the APL calculation unit 112, the correction
gain values Gain of the RGB data signals supplied from the
data compensation unit (LIMO) 117, and an optical compen-
sation data signal from an optical compensation LUT 119. As
such, the PL.C 113 may generate a luminance control value
plcc for controlling luminance of the frame on the basis of the
correction gain values supplied from the data compensation
unit 117. The PLC 113 may perform peak luminance control
by supplying the luminance control value plcc to the gamma
unit (P-Gamma) 135 which in turn may provide a gamma
voltage to the data driver (SD-IC) 130. For example, for the
LUT 119, an internal or an external memory, such as an
electrically erasable programmable read-only memory (EE-
PROM), storing the optical compensation data signal may be
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used. The gamma unit 135 may use a programmable gamma
voltage (or gamma curve) which can be changed in response
to the luminance control value plcc supplied from the PLC
113.

[0059] The data compensation unit 117 may calculate the
correction gain values Gain of the RGB data signals through
the following Equation 2, which expresses a current gain of a
data signal selected among the RGB data signals. Thus, the
data compensation unit 117 may calculate the correction gain
values Gain of the RGB data signals based on the current gain
of the data signal.

Current gain of data signal=(Max APL RGB gain-
Target Peak Lum APL RGB gain)*{(Current APL-
Target Peak Lum APL)/(Max APL-Target Peak Lum
APL)}+Target Peak Lum APL RGB gain+RGB gain
weight

[0060] For example, “Max APL RGB gain” is an actual
gain measurement value of the RGB data signals correspond-
ing to the maximum APL, “Target Peak Lum APL. RGB gain”
is an actual gain measurement value of the RGB data signals
corresponding to the target peak luminance APL, “Current
APL” is a current APL, “Max APL” is a maximum APL,
“Target Peak Lum APL” is a target peak luminance APL, and
“RGB gain weight” is a gain weight of the RGB data signals.
[0061] The data compensation unit 117 may perform com-
pensation for the green and blue (GB) data signals using the
current gain calculated in accordance with Equation 2. In this
example, for the R subpixel included in the display panel, it
may have improved efficiency in comparison to the other GB
subpixels. Thus, the current gain for the R data signal may not
be calculated. Instead, in response to the current gain for the
R data signal being required to be calculated, Equation 2 may
be used. In comparison, because the B subpixel included in
the display panel (in this example) may have less light emis-
sion efficiency than the R and G subpixels, increase and
decrease widths of the compensation gain value in the B
subpixel may nonlinearly increase as the B subpixel goes to
low or high gray levels. Thus, for the B data signal, a gain
weight of the B data signal may be additionally included in
Equation 2, and the gain weight of the B data signal may be
prepared on the basis of an actual measurement value
obtained by measuring the characteristics of the B subpixel
formed in the display panel. For example, the gain weight of
the B data signal may vary according to device characteris-
tics. Also, for the red and green (RG) data signals, a gain
weight prepared on the basis of an actual measurement value
obtained by measuring the characteristics of the red and green
(RG) subpixels may be further added, and in such a case, the
gain weight may be added generally as “0”. One reason is
because the light emitting efficiency of the RG subpixels may
be higher than that the light emitting efficiency of the B
subpixel. However, in response to the light emitting efficiency
of the RG subpixels being different from this, a gain weight
may be added for the RG subpixels.

[0062] Meanwhile, the calculation of the correction gain
value Gain by the data compensation unit 117 will be further
described with reference to a scheme (b) of the first example
embodiment in comparison to a related art scheme (a) of the
comparative example shown in FIG. 8.

[0063] First, inthe related art scheme (a) of the comparative
example, to control peak luminance (maximum luminance
level) on the basis of an average picture level (APL), an actual
gain measurement should be made for each point of a first
point P1 to nth point Pn. For example, an actual gain mea-

[Equation 2]
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surement is performed at certain measurement points P1-Pn
from maximum luminance gamma to minimum luminance
gamma for RGB data signals. The gains other than those at the
measurement points P1-Pn are linearly approximated. Thus,
the use of the related art scheme (a) of comparative example
requires more measurement time because every gain value
should be on the basis of actual measurement values.

[0064] Meanwhile, in the scheme (b) of the first example
embodiment, an actual gain measurement may only need to
be performed with respect to two points P1 and Pn, the point
P1 corresponds to maximum luminance gamma and the point
Pn corresponds to minimum luminance gamma in order to
control peak luminance (peak luminance) on the basis of the
APL. For example, only the actual gain measurement value of
the RGB data signals with respect to the maximum APL and
that of the RGB data signals corresponding to a target peak
luminance APL may need to be obtained. Gains other than the
measurement points P1 and P2 may be calculated by the
correction gain value Gain in accordance with the above
Equation 2. Thus, the use of the scheme (b) of the first
example embodiment may reduce measurement time because
only the actual measurement values with respect to the two
points may need to be measured.

[0065] Thus, the gain of the R data signal, the gain of the G
data signal, and the gain of the B data signal can be obtained,
respectively, by using the foregoing formula. Based on these
gains, the PLC 113 can easily perform peak luminance con-
trol.

[0066] Meanwhile, in the data compensation unit 117, the
correction gain values Gain of the RGB data signals may be
configured as an IC, such as a field-programmable gate array
(FPGA) and application-specific integrated circuit (ASIC).
Thus, according to the scheme (b) of the first example
embodiment, the correction gain values can be calculated in
real time, and the PL.C 113 can easily perform peak lumi-
nance control. And, since the correction gain values Gain may
be digitized by external optical compensation equipment, a
method of recording the correction gain values Gain in a
storage device, e.g., a memory (e.g., EEPROM) storing the
optical compensation LUT 119, which may interwork with
the IC as the FPGA or ASIC or the image processing unit 110,
may be used.

[0067] As discussed above, the scheme (b) of the first
example embodiment may provide the gain value of the W
data signal according to each APL value. And, the scheme (b)
of'the first example embodiment may increase or decrease the
gain of the RGB data signals with respect to the maximum
APL obtained through measurement and the gain of the RGB
data signals with respect to the target peak luminance APL by
aratio of an APL to be used.

[0068] According to the foregoing description and
example, the data compensation unit 117 may calculate the
current gain, e.g., the correction gain value, of the G data
signal (or R data signal) on the basis of the APL of target peak
luminance in accordance with Equation 3 shown below.

Current gain of G data signal=(Max APL G gain—
Target Peak Lum APL G gain)*{(Current APL-Target
Peak Lum APL)/(Max APL-Target Peak Lum APL)
}+Target Peak Lum APL G gain

[0069] For example, “Max APL G gain” is an actual gain
measurement value of the G data signal with respect to the
maximum APL, “Target Peak Lum APL G gain” is an actual
gain measurement value of the G data signal with respect to
the target peak luminance APL, “Current APL” is a current

[Equation 3]
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APL, “Max APL” is amaximum APL, and “Target Peak Lum
APL” is an APL of target peak luminance.

[0070] As can be seen from Equation 3, the correction gain
value Gain of the G data signal according to the APL of the
target peak luminance can be calculated by subtracting the
target maximum APL from the current APL and the maxi-
mum from the current APL and the maximum APL. There-
fore, in FIG. 9, the Target Peak Lum APL may be asetter (e.g.,
operator, programmer, or user) input variable limiting the
APL of peak luminance by percent over the maximum APL
(Max APL).

[0071] Also, according to the foregoing description, the
data compensation unit 117 may calculate the current gain,
i.e., the correction gain value, of the B data signal on the basis
of the APL of target peak luminance in accordance with
Equation 4 shown below.

Current gain of B data signal=(Max APL B gain-Tar-
get Peak Lum APL B gain)*{(Current APL-Target
Peak Lum APL)/(Max APL-Target Peak Lum APL)
}+Target Peak Lum APL B gain+B gain weight

[0072] For example, “Max APL B gain” is an actual gain
measurement value of the B data signal with respect to the
maximum APL, “Target Peak Lum APL B gain” is an actual
gain measurement value of the B data signal with respect to
the target peak luminance APL, “Current APL” is a current
APL, “Max APL” is a maximum APL, “Target Peak Lum
APL” is an APL of target peak luminance, “Target Peak Lum
APL” is an APL of target peak luminance, and “B gain
weight” is a gain weight of the B data signal.

[0073] As can be seen from Equation 4, when the target
peak luminance APL is subtracted from the current APL and
the maximum APL, the correction gain value Gain of the B
data signal according to the target peak luminance APL can be
obtained. Thus, in FIG. 9, Target Peak Lum APL is a setter
input variable limiting the target peak luminance APL by a
percentage over the maximum APL.

[0074] Meanwhile, as well as the gain weight with respect
to the B data signal, a gain weight with respect to the RG data
signals may also be further added. As the gain weight, a value
may be extracted through a linear equation using a difference
between gain values of each actually measured APL of sub-
pixels and gain values obtained through calculation. Gener-
ally, the value may be determined by luminance efficiency of
an element used for subpixels and may be extracted through
direct measurement of the element. As for a method of
extracting the gain weight, the gain weight can be obtained by
changing a difference between actually measured gain values
of'10points (e.g., 10, 20,30, . .., 80, 90, 100) of each APL and
a calculation gain value into a linear equation. For example,
the gain weights with respect to each RGB may become close
to 0 as the APL and the gain value become proportional.
[0075] Examples of the related art scheme (a) of the com-
parative example and the scheme (b) of the first example
embodiment as described above will be taken as follows.
[0076] FIG. 10 is a gray level/gain value graph on the basis
of the related art scheme (a) of comparative example and the
scheme (b) of the first example embodiment. In FIG. 10, gray
level/gain values with respect to the correction gain value
(Green gain) of the G data signal and the correction gain value
(Blue gain) of the B data signal are shown. Thus, the scheme
(b) of the first embodiment is obtained the correction gain
value similarly with the scheme (a)

[0077] Table 1 and Table 2 below show correction gain
values (Table 1) using the related art scheme (a) of compara-

[Equation 4]
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tive example and correction gain values (Table 2) using the
scheme (b) of the first example embodiment, respectively.

TABLE 1

Gain values set after actual direct measurement (APL 43.75%)

R gain G gain B gain
255 0 29 120
223 0 31 125
191 0 32 125
159 0 32 127
127 0 34 130
95 0 36 129
63 0 40 165
31 0 40 165
0 0 0 0
TABLE 2
Calculated by using formula (APL 43.75%)
R gain G gain B gain

255 0 28 120
223 0 29 124
191 0 29 127
159 0 31 128
127 0 33 130
95 0 33 130
63 0 43 164
31 0 43 164
0 0 0 0

[0078] Inthe formula of Table 2, the correction gain values
(G gain, B gain) 29 and 27 of the G and B data signals may be
calculated as follows.

Current gain of G data signal=(51-22)*{(43.75-25)/
(100-25)}+22+0=29.25

Current gain of B data signal=(153-99)*{(43.75-25)/
(100-25)}+99+15.14825=127.64825

[0079] For example, 15.14825, a gain weight of the B data
signal, may be obtained such that, on the basis of the actual
measurement value of the B subpixel formed in the display
panel, the gain weight of the B data signal=-0.245 (43.75)+
25.867=15.14825.

[0080] As can be seen from Table 1, Table 2, and FIG. 10,
the gain of the actual measurement value according to the
related art scheme (a) of comparative example and the gain
using equation according to the first example embodiment
may have similar gray levels. Thus, it can be noted that the
method using the scheme (b) of the first example embodiment
can exhibit gray levels similar or equal to those on the basis of
the actual measurement, using an equation without perform-
ing actual measurement on every point.

[0081] Therefore, the scheme (b) of the first example
embodiment can quickly and accurately implement desired
target color coordinates and luminance for each display panel
through the scheme of calculating the correction gain values
ofred, green, and blue which are supplied together (or emitted
together in the display panel) to compensate for the white
color coordinates by using an equation.

[0082] Hereinafter, a method for driving an organic light
emitting display device according to the first example
embodiment will be described.
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[0083] FIG. 11 is a flow chart illustrating a method of
driving an organic light emitting display device according to
the first example embodiment. The method will be further
described with reference to FIGS. 1 to 11.

[0084] A method for driving an organic light emitting dis-
play device according to the first example embodiment may
include a data conversion operation (S111), an APL calcula-
tion operation (S113), a data signal generation step (S114), a
correction gain value calculation operation (S115), a lumi-
nance control value generation operation (S119), a gamma
voltage setting operation (S121), and an image display opera-
tion (S123).

[0085] In response to RGB data signals RGB being sup-
plied through the image processing unit 110, the first data
conversion unit 116 may perform the data conversion opera-
tion (S111) of converting the RGB data signals RGB into
RGBW data signals RGBW. The APL calculation unit 112
may perform the APL calculation operation (S113) of calcu-
lating an APL with respect to the RGB data signals RGB. In
response to the color coordinates of the data signal W among
the RGBW data signals being different from a target value,
the data compensation unit 117 may perform the data signal
generation operation (S114) of generating a data signal such
that a data signal selected from the RGB data signals RGB
may be supplied in the display panel 150.

[0086] In addition, the data compensation unit 117 may
multiply a value, obtained by performing an arithmetic opera-
tion on a current APL and a maximum APL, to a value of the
difference between a gain of the RGB data signals corre-
sponding to the maximum APL and a gain of the RGB data
signals corresponding to the target peak luminance APL to
obtain a result value. Further, the data compensation unit 117
may perform the gain calculation operation (S115) of calcu-
lated correction gain values Gain of the RGB signals by
adding the gain of the RGB data signals with respect to the
target peak luminance APL to the result value.

[0087] Inthe gain calculation operation (S115), the correc-
tion gain values Gain may be calculated on the basis of the
gain calculated through an equation expressed as follows:
Current gain of a data signal selected from the RGB data
signals RGB=(Max APL RGB gain-Target Peak Lum APL
RGB gain)*{(Current APL-Target Peak Lum APL)/(Max
APL-Target Peak Lum APL)}+Target Peak Lum APL RGB
gain+RGB gain weight.

[0088] In this case, the data compensation unit 117 may
calculate the correction gain value Gain of the G data signal
through an equation expressed as follows: Current gain of the
G data signal=(Max APL G gain-Target Peak Lum APL G
gain)*{(Current APL-Target Peak Lum APL)/(Max APL-
Target Peak Lum APL)}+Target Peak Lum APL G gain.

[0089] In addition, the data compensation unit 117 may
calculate the correction gain value Gain of the B data signal
through an equation expressed as follows: Current gain of the
B data signal=(Max APL B gain-Target Peak Lum APL B
gain)*{(Current APL-Target Peak Lum APL)/(Max APL-
Target Peak Lum APL)}+Target Peak Lum APL B gain+B
gain weight (operation S117).

[0090] For example, Target Peak Lum APL may be a setter
(i.e., user) input variable limiting the APL of the target peak
luminance. The gain weight of the B data signal may be
prepared on the basis of an actual measurement value
obtained by measuring the characteristics of the B subpixel
SPb provided in the display panel 150.
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[0091] The data compensation unit 117 may supply the
correction gain value Gain of the data signal selected from
among the RGB data signals RGB to the PLC 113. The PL.C
113 may perform a luminance control value generation opera-
tion (S119) of generating a luminance control value plcc to
control luminance of one or selected frame on the basis of the
correction gain value Gain supplied from the data compensa-
tion unit 117.

[0092] The PLC 113 may supply the luminance control
value plcc to the gamma unit 135. The gamma unit 135 may
perform the gamma voltage setting operation (S121) of set-
ting a gamma voltage on the basis of the luminance control
value plce supplied from the PLC 113. The data driver 130
may map the RGBW data signals RGBW supplied from the
timing controller 120 on the basis of the gamma voltage, and
may supply the same to the display panel 150.

[0093] The display panel 150 may perform the image dis-
play operation (S123) of displaying an image on the basis of
the mapped RGBW data signals RGBW by the gamma volt-
age set by the gamma unit 135. Through the foregoing pro-
cess, the display panel 150 may display an image having
corrected color coordinates and controlled peak luminance.
[0094] FIGS.12 and 13 are graphs of gain values according
to the scheme of the first example embodiment over actual
gain values. In FIGS. 12 and 13, the X-axis indicates a gray
level and the Y-axis indicates luminance.

[0095] As shown in FIGS. 12 and 13, the correction gain
values (e.g., Current Luminance Calculate Green gain, Cur-
rent Luminance Calculate Blue gain) of the GB data signals
calculated according to the scheme (b) of the first example
embodiment may be similar or equal to the correction gain
values (e.g., Current Luminance Real Green gain, Current
Luminance Real Blue gain) of the GB data signals actually
measured according to the related art scheme (a) of the com-
parative example.

[0096] Meanwhile, the generation of differences, such as
63 gray levels and 31 gray levels in the correction gain value
of the B data signal (as an example), may result from a
limitation of the element. Thus, in the scheme (b) of the first
example embodiment, the similar or equal correction gain
values can be obtained without any other great error than that
caused due to the limitation of the element.

[0097] FIG. 14 is a graph of gamma curves according to the
first example embodiment over gamma curves according to
actual measurement. FIG. 15 is a graph showing color coor-
dinates actually measured after the first example embodiment
is applied over color coordinates according to direct gamma
setting. In FIG. 14, the X-axis indicates a gray level, and the
Y-axis indicates luminance. In FIG. 15, the X-axis indicates a
gray level, and the Y-axis indicates color coordinates.

[0098] As shown in FIGS. 14 and 15, the luminance (Cur-
rent Luminance Calculate Gamma) and color coordinates
(actually measured X, Y coordinates after applying the for-
mula) obtained by applying the correction gain values of the
RGB data signals calculated according to the scheme (b) of
the first example embodiment may be similar or equal to the
luminance (Current Luminance Real Gamma) and the color
coordinates (direct Gamma Setting X, Y coordinates)
obtained by applying the actually measured correction gain
values of the RGB data signals.

[0099] Thus, in the scheme (b) of the first example embodi-
ment, the desired correction gain values of the RGB data
signals can be obtained through the foregoing formulas with-
out having to directly set (or actually measure) the correction
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gain values of the RGB data signals, and applied. Also, the
scheme (b) of the first example embodiment can obtain accu-
rate luminance and color coordinates in comparison to the
related art peak luminance control method.

[0100] As discussed above, when a data signal is generated
such thata selected data signal is supplied in the display panel
and the correction gain values of the RGB data signals are
calculated by the equations, the correction gain values of the
RGB data signals that can implement accurate luminance and
color coordinates can be obtained by simply measuring two
points.

[0101] As described above, according to the first example
embodiment, in obtaining the correction gain values of the
red, green, and blue which may be supplied together to com-
pensate white color coordinates, accurate values can be
searched rapidly by each display panel by using the equations
without having to directly obtaining a large amount of gain
values. Also, according to the first example embodiment, in
driving the PLC in the organic light emitting display device
(RGBW OLED) having a sub-pixel structure including red,
green, blue, and white, desired target color coordinates and
luminance can be accurately implemented by display panel
by finding correction gain values of red, green, and blue that
are supplied together to compensate for white color coordi-
nates.

Second Example Embodiment

[0102] FIG. 16 is a block diagram showing an internal
configuration of the image processing unit and peripheral
circuit units according to a second example embodiment.
FIG.17 is agraph showing a comparison between APLs of the
frames according to the related art scheme (Max APL) and a
method of the second example embodiment (Y APL).
[0103] As shown in FIG. 16, the image processing unit 110
included in the organic light emitting display device accord-
ing to the second example embodiment may include a data
extraction unit 111, the APL calculation unit 112, the PLC
113, the DE-gamma unit 114, the first data conversion unit
116, and the data compensation unit (LIMO) 117.

[0104] The data extraction unit (RGB MAX) 111 may
determine a representative value of every pixel in single frame
data supplied from the outside, and may average the repre-
sentative values of all of the pixels. As such, the data extrac-
tion unit 111 may select a representative value of every pixel
such that a subpixel (e.g., a Max value of RGB data) having
the largest amount of data among RGB subpixels in a single
pixel (e.g., the sum of RGB subpixels) may be determined as
a representative value, and then, may average the representa-
tive values of all of the pixels.

[0105] The APL calculation unit (APL Cal) 112 may cal-
culate an APL by arithmetically operating the averaged rep-
resentative values extracted from the data extraction unit 111.
The APL calculation unit 112 may arithmetically operate
again, for example, average again, the averaged representa-
tive values in units of Nth frames (e.g., 5 frames, 30 frames, or
the like) such that the identical APL can be applied to a
plurality of frames (a certain amount of frames). Problems,
such as flickering, or the like, that may arise when every frame
is calculated for expression can be prevented. The APL cal-
culation unit 112 may calculate the APL on the basis of a
moving AVG of an image or on the basis of scene change
detection.

[0106] The PLC 113 may control luminance by each of at
least one frame by using the APL and the LUT (optical com-
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pensation LUT) 119 calculated by the APL calculation unit
112. The PLC 113 may control luminance in units of a plu-
rality of frames (by each frame group) using the APL. As
such, the PLC 113 may control the luminance by controlling
gamma such that a control signal plc to the gamma unit
(P-Gamma) 135 that provides a gamma voltage to the data
driver (SD-IC) 130.

[0107] For example, for the LUT 119, an internal or an
external memory, such as EEPROM, storing an optical com-
pensation data signal may be used. The gamma unit 135 may
use programmable gamma capable of changing a gamma
voltage (or a gamma curve) in response to the control signal
plc supplied from the PLC 113. The foregoing data extraction
unit 111, the APL calculation unit 112, and the PLC 113 may
determine representative values of all of the pixels in the
image processing unit 110, may average the representative
values of all of the pixels to calculate an APL, and then, may
control the luminance, which may reduce power consump-
tion.

[0108] The method of controlling luminance using the data
extraction unit 111, the APL calculation unit 112, and the
PLC 113 is described as follows.

[0109] First, representative values of all of the pixels may
be determined such that a subpixel having the largest amount
of data among the RGB subpixels included in a single pixel
may be determined as a representative value of the single
pixel, and the representative values of all of the pixels may be
averaged. As mentioned above, this operation may be per-
formed by the data extraction unit 111.

[0110] Next, the extracted averaged representative values
may be arithmetically operated to obtain an APL. As men-
tioned above, this operation may be performed by the APL
calculation unit 112.

[0111] And then, the luminance may be controlled by each
of at least one frame by using the calculated APL and the
LUT. As mentioned above, this operation may be performed
by the PLC 113. A reduction in power consumption of the
display panel according to the luminance control method
according to the second example embodiment will be
described hereafter.

[0112] The DE-gamma unit 114 may de-gamma process
the RGB data signals included in a single frame. For example,
to prevent a bit overflow, or the like, that may occur during an
arithmetic operation of converting the RGB data signals input
from the outside into the RGBW data signals, the DE-gamma
unit 114 may de-gamma process a received inverse gamma to
change it into a linear form, and then may perform bit stretch-
ing thereon. As an example, through the bit stretching per-
formed by the DE-gamma unit 114, the RGB data may be
changed from 10 bits to 12 bits and then output.

[0113] The first data conversion unit (RGB to RGBW) 116
may convert the RGB data output from the DE-gamma unit
114 into RGBW data. One reason for converting the RGB
data into the RGBW data using the first data conversion unit
(RGB to RGBW) 116 is to drive the display panel including
the RGBW subpixels.

[0114] Inresponse to color coordinates of the W of the data
in the form of RGBW output from the first data conversion
unit 116 being different from a target value, the data compen-
sation unit (LIMO) 117 may supply the other remaining RGB
by a required amount together to perform compensation to
express desired color coordinates. In an example using a
display panel including RGBW subpixels, when a W image is
expressed, only the W subpixel may be used. In such a case,
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in response to the color coordinates of the W subpixel being
different from a target value, the data compensation unit 117
may supply the other remaining RGB by a required amount to
adjust the color coordinates different from the target value to
desired color coordinates. Therefore, the data compensation
unit 117 generates the compensated RGBW data signals by
adding at least one of R, G and B signal to W signal, as shown
in FIG. 7. For example, the data in the form of RGBW may be
changed from 12 bits to 10 bits through a data conversion
process by the data compensation unit 117 to be output.
[0115] Since the data extraction unit 111, the APL calcula-
tion unit 112, and the PL.C 113 may be used, the foregoing
image processing unit 110 can further reduce power con-
sumption than the related art method, and this will be
described as follows.

[0116] In the related art scheme, an APL is calculated by
using Equation 5 shown below to control the luminance.

APL=(Current Y/Full white Y)x100

[0117] In Equation 5, “APL” indicates an average picture
level, “Current” indicates a current, “Full white” indicates
full white, and “Y” indicates luminance.

[0118] According to Equation 5, luminance is determined
by Y=(0.3)*R+(0.6)*G+(0.1)*B.

[0119] Inan example using RGB=(0, 0, 255), luminance Y
is Y=(0.3)*0+(0.6)*0+(0.1)*255=25.5 and APL=(25.5/255)
*100=10%.

[0120] In such a case, when peak luminance control is
150/500, the full image of B is 500 nits (in an example in
which a target APL is 30%).

[0121] In consideration of the fact that the peak luminance
control aims at high contrast ratio and low power consump-
tion, the full image of B used in the illustration does not
belong. In other words, it may not be absolutely necessary to
emit up to the peak luminance, but the related art method
performs driving at high luminance, anyway. As a result, the
related art method results in increasing power consumption of
the display panel meaninglessly.

[0122] Meanwhile, in the method of the second example
embodiment, an APL may be calculated by using Equation 6
shown below to control luminance.

[Equation 5]

APL=Avg.{Max(R,G,B)/255}x100

[0123] In Equation 6, “APL” indicates an average picture
level, “Avg” indicates average, and “Max” indicates a maxi-
mum value of RGB data in 255 gray levels.

[0124] As can be seen from Equation 5 and Equation 6, in
the related art method, the APL is calculated by using a
current according to luminance, while in the method of the
second example embodiment, the APL. may be calculated by
using a maximum value (Max) of the RGB data having the
largest amount of data.

[0125] For example, it may be presumed that RGB=(0, 0,
255) and luminance Y=(255/255)x100=100%.

[0126] In this example, when peak luminance control is
150/500, a full image of B may be 150 nits. Thus, in com-
parison to the current (based on 500 nits) used in the related
art method, the full image of B according to the method of the
second example embodiment can achieve efficiency of reduc-
ing power consumption by more than 70%.

[0127] Inanother example, it may be presumed that RGB=
(255, 5, 2) and luminance Y=(255/255)x100=100%.

[0128] Also, in this example, when peak luminance control
is 150/500, a full image of R is 150 nits. Thus, in comparison
to the current (500 nits) used in the related art method, the full

[Equation 6]
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image of R, according to the method of the second example
embodiment, can achieve efficiency of reducing power con-
sumption by more than 70%.

[0129] Meanwhile, when peak luminance control is per-
formed under the same condition, the related art method and
the method of the second example embodiment have a differ-
ence in power consumption as shown in Table 3 and Table 4
below.

TABLE 3

Related art method

Panel (A) White Red Green Blue Cyan Magenta Yellow

Full image 7.79 34.63 13.88 27.58 22.16  57.66 21.21

TABLE 4

Method of second example embodiment

Panel (A) White Red Green Blue Cyan Magenta Yellow

Full image 7.79 1039 9.02 8.27 17.29 18.66 19.41

[0130] As can be seen from Table 3 and Table 4, the related
art method consumes a great amount of consumption in the
pure color series, exhibiting high power consumption. Mean-
while, in the method of the second example embodiment,
since power consumption of the pure color series may be
significantly reduced, it may be lower in comparison to that of
the related art method.

[0131] Also, as can be seen from FIG. 17, the method of the
second example embodiment may reduce power consump-
tion only in the pure color series without making a great
difference from the related art method, and does not affect the
distribution of the overall APL.

[0132] As described above, the second example embodi-
ment can provide an organic light emitting display device
capable of calculating an APL by an RGB maximum value
and controlling peak luminance on the basis of the APL,
reducing power consumption. Also, in the second example
embodiment, as power consumption in the pure color series
may be drastically reduced, power consumption can be
reduced in peak luminance control driving in the organic light
emitting display device (RGBW OLED), including RGBW.
[0133] Meanwhile, in the above description, the first and
second example embodiments are described separately, but
the elements included in the first and second example
embodiments may be combined to be configured as neces-
sary. Thus, the second data conversion unit included in the
first example embodiment may be replaced by the data extrac-
tion unit included in the second example embodiment, or the
data compensation unit included in the second example
embodiment may be replaced by the data compensation unit
included in the first example embodiment. Embodiments of
the present invention are not limited to these examples.
[0134] It should also be appreciated that the above
examples using R, G, and B individually and in various com-
binations, e.g., RG, GB, etc., are not limited to the combina-
tions described, and may be used singly or in combination as
may be appreciated to one of ordinary skill in the art.

[0135] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
organic light emitting diode display device and method of
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driving the same of embodiments of the present invention
without departing from the spirit or scope of the invention.
Thus, it is intended that the present invention cover the modi-
fications and variations of this invention provided they come
within the scope of the appended claims and their equivalents.
[0136] A number of examples have been described above.
Nevertheless, it will be understood that various modifications
may be made. For example, suitable results may be achieved
if the described techniques are performed in a different order
and/or if components in a described system, architecture,
device, or circuit are combined in a different manner and/or
replaced or supplemented by other components or their
equivalents. As an example, although an EEPROM is
described as a memory, embodiments include other types of
nonvolatile and volatile memories. Accordingly, other imple-
mentations are within the scope of the following claims.

‘What is claimed is:

1. An organic light emitting display device, comprising:

a display panel comprising red, green, blue, and white
(RGBW) subpixels;

afirst data conversion unit configured to convert red, green,
and blue (RGB) data signals into RGBW data signals;

an average picture level calculation unit configured to cal-
culate an average picture level (APL) for the RGB data
signals;

a peak luminance controller configured to control lumi-
nance of at least one frame by using the APL and a
look-up table; and

adata compensation unit configured to perform a compen-
sation operation on at least one of the RGB data signals
in response to color coordinates of white (W) data sig-
nals among the RGBW data signals output from the first
data conversion unit being different from a target value.

2. The organic light emitting display device of claim 1,
wherein the data compensation unit is further configured to:

multiply an arithmetical value, obtained by performing an
arithmetical operation on a current APL and a maximum
APL, with a difference value corresponding to a differ-
ence between a gain of the RGB data signals correspond-
ing to the maximum APL and a gain of the RGB signals
corresponding to a target peak luminance APL; and

add the gain of the RGB data signals corresponding to the
target peak luminance APL to a result value of the mul-
tiplication to calculate correction gain values for the
RGB data signals.

3. The organic light emitting display device of claim 2,
wherein the data compensation unit is further configured to
calculate the correction gain values, based on a gain calcu-
lated in accordance with the following equation:

Current gain of data signal selected from among the
RGB data signals=(Max APL RGB gain-Target Peak
Lum APL RGB gain)*{(Current APL-Target Peak
Lum APL)/(Max APL-Target Peak Lum APL)}+Tar-
get Peak Lum APL RGB gain+RGB gain weight,

wherein:

Max APL RGB gain is an actual gain measurement value
of the RGB data signals corresponding to the maxi-
mum APL,

Target Peak Lum APL. RGB gain is an actual gain mea-
surement value of the RGB data signals correspond-
ing to the target peak luminance APL,

Current APL is a current APL, Max APL is a maximum
APL,
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Target Peak Lum APL is a target peak luminance APL,
and

RGB gain weight is a gain weight of the RGB data
signals.

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

the data compensation unit is further configured to apply

the gain calculated in accordance with the equation to
the green and blue (GB) data signals; and

the gain weights of the RGB data signals are prepared on

the basis of actual measurement values obtained by mea-
suring the characteristics of the RGB subpixels on the
display panel.

5. The organic light emitting display device of claim 2,
wherein the data compensation unit calculates the correction
gain value of the green (G) data signal through the following
equation:

Current gain of G data signal=(Max APL G gain—
Target Peak Lum APL G gain)*{(Current APL-Target

Peak Lum APL)/(Max APL-Target Peak Lum APL)
}+Target Peak Lum APL G gain,

wherein:

Max APL G gain is an actual gain measurement value of
the G data signal corresponding to the maximum
APL,

Target Peak Lum APL G gain is an actual gain measure-
ment value of the G data signal corresponding to the
target peak luminance APL,

Current APL is a current APL,

Max APL is a maximum APL, and

Target Peak Lum APL is an APL of target peak lumi-
nance.

6. The organic light emitting display device of claim 2,
wherein the data compensation unit calculates the correction
gain value of the blue (B) data signal through the following
equation:

Current gain of B data signal=(Max APL B gain-Tar-
get Peak Lum APL B gain)*{(Current APL-Target

Peak Lum APL)/(Max APL-Target Peak Lum APL)
}+Target Peak Lum APL B gain+B gain weight,

wherein:

Max APL B gain is an actual gain measurement value of
the B data signal corresponding to the maximum APL,

Target Peak Lum APL B gain is an actual gain measure-
ment value of the B data signal corresponding to the
target peak luminance APL,

Current APL is a current APL,

Max APL is a maximum APL,

Target Peak Lum APL is an APL of target peak lumi-
nance, and Target Peak Lum APL is an APL of target
peak luminance, and

B gain weight is a gain weight of the B data signal.

7. The organic light emitting display device of claim 5,
wherein the Target Peak Lum APL is a setter input variable
limiting the APL of the target peak luminance.

8. The organic light emitting display device of claim 6,
wherein the Target Peak Lum APL is a setter input variable
limiting the APL of the target peak luminance.

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

converting red, green, and blue (RGB) data signals into red,

green, blue, and white (RGBW) data signals;

calculating an average picture level (APL) for the RGB
data signals;
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generating data signals, such that a data signal selected
from among the RGB signals is supplied in a display
panel in response to color coordinates of the white (W)
data signal among the RGBW data signals being differ-
ent from a target value; and

calculating gain by:

multiplying an arithmetical value, obtained by perform-
ing an arithmetical operation on a current APL and a
maximum APL, with a value corresponding to a dif-
ference between a gain of the RGB data signals cor-
responding to the maximum APL and a gain of the
RGB signals corresponding to a target peak lumi-
nance APL; and

adding the gain of the RGB data signals corresponding
to the target peak luminance APL to the result value of
the multiplication to calculate the correction gain val-
ues of the RGB data signals.

10. The method of claim 9, wherein the correction gain
values are calculated on the basis of a gain calculated in
accordance with the following equation:

Current gain of data signal selected from among the
RGB data signals=(Max APL RGB gain-Target Peak
Lum APL RGB gain)*{(Current APL-Target Peak

Lum APL)/(Max APL-Target Peak Lum APL)}+Tar-
get Peak Lum APL RGB gain+RGB gain weight,

wherein:

Max APL RGB gain is an actual gain measurement value
of the RGB data signals corresponding to the maxi-
mum APL,

Target Peak Lum APL. RGB gain is an actual gain mea-
surement value of the RGB data signals correspond-
ing to the target peak luminance APL,

Current APL is a current APL,

Max APL is a maximum APL,

Target Peak Lum APL is a target peak luminance APL,
and

RGB gain weight is a gain weight of the RGB data
signals.

11. The method of claim 9, further comprising:
controlling luminance of at least one frame on the basis of
the correction gain values,
wherein the luminance control value is used for setting a
gamma voltage.
12. The method of claim 9, wherein the correction gain
value of the green (G) data signal is calculated in accordance
with the following equation:

Current gain of G data signal=(Max APL G gain-
Target Peak Lum APL G gain)*{(Current APL-Target
Peak Lum APL)/(Max APL-Target Peak Lum APL)
}+Target Peak Lum APL G gain,

wherein:

Max APL G gainis an actual gain measurement value of
the G data signal corresponding to the maximum
APL,

Target Peak Lum APL G gain is an actual gain measure-
ment value of the G data signal corresponding to the
target peak luminance APL,

Current APL is a current APL,

Max APL is a maximum APL, and

Target Peak Lum APL is an APL of target peak lumi-
nance.

13. The method of claim 9, wherein the correction gain
value of the blue (B) data signal is calculated in accordance
with the following equation:
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Current gain of B data signal=(Max APL B gain-Tar-
get Peak Lum APL B gain)*{(Current APL-Target
Peak Lum APL)/(Max APL-Target Peak Lum APL)
}+Target Peak Lum APL B gain+B gain weight,

wherein:

Max APL B gain is an actual gain measurement value of
the B data signal corresponding to the maximum APL,

Target Peak Lum APL B gain is an actual gain measure-
ment value of the B data signal corresponding to the
target peak luminance APL,

Current APL is a current APL,

Max APL is a maximum APL,

Target Peak Lum APL is an APL of target peak lumi-
nance,

Target Peak Lum APL is an APL of target peak lumi-
nance, and

B gain weight is a gain weight of the B data signal.

14. The method of claim 12, wherein the Target Peak Lum
APL is a setter input variable limiting the APL of the target
peak luminance.

15. The method of claim 13, wherein the Target Peak Lum
APL is a setter input variable limiting the APL of the target
peak luminance.

16. The method of claim 13, wherein the gain weights of
the RGB data signals are prepared on the basis of actual
measurement values obtained by measuring the characteris-
tics of the RGB subpixels.

17. An organic light emitting display device, comprising:

a display panel comprising red, green, blue, and white

(RGBW) subpixels;

a scan driver and a data driver configured to drive scan lines

and data lines of the display panel, respectively;

a timing controller configured to control the scan driver and

the data driver;

a data extraction unit configured to:

determine a representative value of every pixel in one
frame data supplied from the outside; and
average the representative values over all of the pixels;
an average picture level (APL) calculation unit configured
to calculate an APL by performing an arithmetical
operation on the averaged representative values
extracted from the data extraction unit; and
a peak luminance controller configured to control lumi-
nance of each of at least one frame by using the APL
calculated by the APL calculation unit and a look-up
table.
18. The organic light emitting display device of claim 17,
wherein the data extraction unit is further configured to:
determine a representative value for each respective pixel,
such that a subpixel value comprising a greatest data
value among RGB subpixels in a single pixel is deter-
mined as a representative value for the single pixel; and

subsequently average the representative values over all of
the pixels.

19. The organic light emitting display device of claim 17,
wherein the data extraction unit, the APL calculation unit, and
the PLC are included in an image processing unit configured
to supply frame data to the timing controller.

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

determining a representative value for each respective

pixel, such that a subpixel value comprising a greatest
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data value among red, green, and blue (RGB) subpixels
in a single pixel is determined as a representative value
for the single pixel;

subsequently averaging the representative values over all
of the pixels;

calculating an average picture level (APL) by performing
an arithmetical operation on the extracted averaged rep-
resentative values; and

controlling the luminance of each of at least one frame by
using the calculated APL and a look-up table.
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21. The method of claim 20, wherein, in the controlling of
luminance, the luminance is controlled in units of a plurality
of frames by using the APL.

22. The method of claim 20, wherein, in the calculating of
an APL, the averaged representative values are performed in
units of Nth frames such that the identical APL is applied to
the plurality of frames.
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