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APPARATUS GENERATING GRAY SCALE
VOLTAGE FOR ORGANIC LIGHT EMITTING
DIODE DISPLAY DEVICE AND GENERATING

METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2012-0030586, filed on
Mar. 26, 2012, in the Korean Intellectual Property Office, the
entire content of which is incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] Example embodiments relate to an organic light
emitting display device, and more particularly, to an appara-
tus and method of generating a gray scale voltage of an
organic light emitting display device capable of implement-
ing a continuous dimming mode.

[0004] 2. Description of the Related Art

[0005] An organic light emitting display device, which is a
kind of flat panel display device using an organic compound
as a light emitting material, may have excellent brightness
and color purity, may be thin and light, and may be driven at
a low power. Therefore, the organic light emitting display
device may be used in various display devices, e.g., a portable
display device. However, it may be difficult to implement a
dimming mode when adjusting brightness (luminance) of a
displayed image in a conventional organic light emitting dis-
play device.

SUMMARY

[0006] Exampleembodiments are directed toward an appa-
ratus generating gray scale voltage for an OLED display
device capable of naturally implementing a continuous dim-
ming mode by generating a gamma reference voltage, which
is appropriate for any selected brightness, instead of dividing
a brightness level into several fixed steps and generating
optimal gray scale voltage based on the generated gamma
reference voltage, and a generating method thereof.

[0007] According to an exemplary embodiment, there is
provided an apparatus for generating gray scale voltage for an
OLED display device, the apparatus having a brightness/
color coordinate correction unit including a gamma table and
a gamma reference voltage look-up table, the gamma table
including data corresponding to an image displayed on a pixel
unit of the OLED device at a first brightness level, and the
gamma reference voltage look-up table including voltage
values of red, green, and blue data corresponding to each gray
scale and brightness values at the first brightness level in
accordance with the gamma table, a gamma control signal
output unit configured to output a gamma reference voltage
control signal corresponding to a second brightness level in
accordance with the gamma table and the gamma reference
voltage look-up table, and a gamma correction circuit con-
figured to receive the gamma reference voltage control signal,
to generate gray scale voltages corresponding to the second
brightness level, and to output the generated gray scale volt-
ages to a data driver.

[0008] The first brightness level may be a maximum bright-
ness level.

[0002] The maximum brightness level may be about 300
cd/m”.
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[0010] The gamma correction circuit may be configured to
generate a plurality of reference voltages and to distribute
voltages between the plurality of reference voltages to gen-
erate the gray scale voltages.

[0011] The gamma reference voltage control signal may be
configured to control voltage values corresponding to the
second brightness level in accordance with the gamma refer-
ence voltage look-up table, the voltage values corresponding
to the reference voltages generated in the gamma correction
circuit.

[0012] Thegammatablemay be set by applying a reference
offset value to a preset reference gray scale in accordance
with the first brightness level and by applying an additional
offset value to at least one gray scale other than the preset
reference gray scale for performing a gamma voltage correc-
tion.

[0013] The gamma table may be set by further applying a
reference color coordinate offset to the preset reference gray
scale based on the first brightness level, and an additional
color coordinate offset value to the at least one gray scale
other than the reference gray scale.

[0014] According to another exemplary embodiment, there
is provided a method of generating a gray scale voltage of an
OLED display device, the method including setting a gamma
table including data corresponding to an image displayed on
a pixel unit of the OLED device at a first brightness level,
implementing a gamma reference look-up table including
voltage values of red, green, and blue data corresponding to
each gray scale and brightness values at the first brightness
level in accordance with the gamma table, selecting a second
brightness level different from a current brightness level,
outputting a gamma reference voltage control signal corre-
sponding to the second brightness level in accordance with
gamma table and the gamma reference voltage look-up table,
generating gray scale voltages corresponding to the second
brightness level in gamma reference voltage control signal,
and outputting the generated gray scale voltages to a data
driver.

[0015] The first brightness level may be a maximum bright-
ness level.

[0016] The gray scale voltages may be generated by gen-
erating a plurality of reference voltages and distributing volt-
ages between the reference voltages in a gamma correction
circuit.

[0017] The gamma reference voltage control signal may be
a signal controlling the voltage values of data calculated
corresponding to the second brightness level by the gamma
reference voltage look-up table so as to be set to the reference
voltages generated in the gamma correction circuit.

[0018] The gamma table may be set by applying a reference
offset value for performing gamma voltage correction on a
preset reference gray scale based the first brightness level and
an additional offset value for performing the gamma voltage
correction on at least one gray scale other than the reference
gray scale.

[0019] The gamma table may be set by additionally apply-
ing a reference color coordinate offset value for the preset
reference gray scale based on the first brightness level, and an
additional color coordinate offset value for the at least one
gray scale other than the reference gray scale.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The accompanying drawings, together with the
specification, illustrate exemplary embodiments of the
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example embodiments, and, together with the description,
serve to explain the principles of the example embodiments.
[0021] FIG.1isadiagram showingastructure of an organic
light emitting display device according to an exemplary
embodiment.

[0022] FIG. 2 is a circuit diagram showing an exemplary
structure of a pixel (Pij) shown in FIG. 1.

[0023] FIG. 3 is a diagram showing a structure of a data
driver according to the exemplary embodiment.

[0024] FIG.4isablock diagram showing a configuration of
a gray scale voltage generator according to the exemplary
embodiment.

[0025] FIG. 5A is a graph showing a gamma table accord-
ing to the exemplary embodiment.

[0026] FIG. 5B is a diagram showing a gamma reference
look-up table (LUT) based on FIG. SA.

[0027] FIG. 5C is a diagram showing examples of red,
green, blue data voltage selected in the case in which a certain
dimming step (100 cd/m?) is selected.

[0028] FIG. 6 is a block diagram showing a structure of a
gamma correction circuit 708 according to the exemplary
embodiment.

[0029] FIG. 7 is a flow chart showing a method of generat-
ing gray scale voltage according to the exemplary embodi-
ment.

DETAILED DESCRIPTION

[0030] Korean Patent Application No. 10-2012-0030586,
filed on Mar. 26, 2012, in the Korean Intellectual Property
Office, and entitled: “Apparatus of generating gray scale volt-
age for Organic Light Emitting Display Device and generat-
ing method thereof” is incorporated by reference herein in its
entirety.

[0031] Hereinafter, exemplary embodiments will be
described in detail with reference to the accompanying draw-
ings.

[0032] FIG. 1 is a diagram of an organic light emitting
diode (OLED) display device according to an exemplary
embodiment.

[0033] Referring to FIG. 1, an OLED display device 100
according to the exemplary embodiment is configured to
include a timing controller 110 generating and outputting
control signals to a data driver 120 and to a gate driver 130, the
data driver 120 outputting data voltage corresponding to an
input image to each of a plurality of pixels P11 to Pnm
through data lines D1 to Dm, the gate driver 130 outputting
scan signals to each of the plurality of pixels P11 to Pnm
through scan lines S1 to Sn, a pixel unit 140 including the
pixels P11 to Pnm connected to the scan lines S1 to Sn and the
data lines D1 to Dm, and a gray scale generator 150 generat-
ing and providing a plurality of gray scale voltages V0 to
V255 to the data driver 120. The gate driver 130 may also
serve to output a light emitting control signal to a plurality of
light emitting control lines (not shown) connected to the
plurality of pixels as well as outputting the scan signals.
[0034] The timing controller 110 receives an input image
signal and an input control signal controlling display of the
input image signal from an external graphic controller (not
shown). The timing controller 110 generates input image data
DATA, a source start pulse SSP, a source shift clock SSC, a
source output enable signal SOE, and the like, from the input
image signal and the input control signal to provide them to
the data driver 120. Further, the timing controller 110 gener-
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ates a gate driving clock CPV and a start pulse STV, and the
like, to output them to the gate driver 130.

[0035] The pixel unit 140 includes the pixels P11 to Pnm
positioned at intersection portions of the scan lines Si to Sn
and the data lines D1 and Dm. The pixels P11 to Pnm may be
arranged in a matrix form, as shown in FIG. 1. Each of the
pixels P11 to Pnm includes a light emitting device, e.g., an
organic light emitting diode (OLED), and receives a high
power supply voltage ELVDD and a low power supply volt-
age ELVSS from the outside so that the light emitting device
emits light. In addition, each of the pixels P11 to Pnm sup-
plies, e.g., controls a supplied amount of, a driving current or
voltage to the light emitting device corresponding to the data
voltage transferred through the data lines D1 to Dm, such that
the light emitting device emits light at a brightness corre-
sponding to the data voltage.

[0036] FIG. 2 is a circuit diagram showing an exemplary
structure of a pixel (Pij) shown in FIG. 1. It is noted, however,
that the OLED display device 100 according to the exemplary
embodiments is not limited to the pixel (Pij) of FIG. 2.
[0037] Referring to FIG. 2, the pixel Pij according to the
exemplary embodiment includes the OLED as the light emit-
ting device and a pixel circuit 210. The OLED receives a
driving current I, -, output from the pixel circuit 210 to emit
light and the brightness of the light emitted from the OLED is
varied according to a magnitude of the driving current I, ...
[0038] The pixel circuit 210 may include a capacitor C1, a
driving transistor M1, and a switching transistor M2. The
driving transistor M1 includes a first terminal D receiving the
high power supply voltage ELVDD, a second terminal S
connected to an anode of the OLED, and a gate terminal
connected to a second terminal of the switching transistor
M2. The anode of the OLED is connected to the second
terminal S of the driving transistor M1 and a cathode of the
OLED is connected to the low power supply voltage ELVSS.
[0039] Theswitching transistor M2 includes a first terminal
connected to the data line Dj, the second terminal connected
to the gate terminal of the driving transistor M1, and a gate
terminal connected to the scan line S1. The capacitor C1 is
connected between the gate terminal and the first terminal D
of the driving transistor M1.

[0040] When the scan signal having a gate-on level is
applied to the switching transistor M2 through the scan line
Si, the data voltage is applied to the gate terminal of the
driving transistor M1 and the first terminal of the capacitor C1
through the switching transistor M2. During application of an
effective data voltage through the data line Dj, a voltage
corresponding to a voltage level of the data voltage is charged
in the capacitor. The driving transistor M1 generates the driv-
ing current I, -, according to the voltage level of the data
voltage to output it to the OLED. The OLED receives the
driving current I, .-, input from the pixel circuit 210 to emit
light at the brightness corresponding to the data voltage.
[0041] Referring back to FIG. 1, the data driver 120 gener-
ates data voltages using the input image data DATA, the
source start pulse SSP, the source shift clock SSC, the source
output enable signal SOE, and the like, input from the timing
generator 110 to output them to the plurality of pixels P11 to
Pnm through the data lines D1 to Dm. The data voltages may
be output to a plurality of pixels positioned in a same row
during one horizontal period, respectively. Further, each of
the plurality of data lines D1 to Dm transferring the data
voltages may be connected to the plurality of pixels posi-
tioned in the same row.
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[0042] FIG. 3 is a diagram showing a structure of a data
driver according to the exemplary embodiment. Referring to
FIG. 3, the data driver 120 includes a shift register unit 121, a
sampling latch unit 122, a holding latch unit 123, a digital-
to-analog converter (DAC) unit 124, and a buffer unit 125.
[0043] The shift register unit 121 receives the source start
pulse SSP and the source shift clock SSC input from the
timing controller 110. The shift register unit 121 receives the
source start pulse SSP and the source shift clock SSC and then
shifts the source start pulse SSP per one period of the source
shift clock SSC to sequentially generate m sampling signals.
To this end, the shift register unit 121 includes m shift regis-
ters 121/ to 121m.

[0044] The sampling latch unit 122 sequentially stores the
input image data DATA in response to the sampling signals
sequentially supplied from the shift register unit 121. To this
end, the sampling latch unit 122 includes m sampling latches
122/ to 122m so as to store the m input image data DATA.
[0045] The holding latch unit 123 receives the source out-
put enable signal SOE from the timing controller 110 and the
input image data DATA input from the sampling latch unit
122 to store them therein. Then, the holding latch unit 123
supplies the input image data DATA stored therein to the DAC
unit 124. To this end, the holding latch unit 123 includes m
holding latches 123/ to 123m.

[0046] The DAC unit 124 receives the input image data
DATA input from the holding latch unit 123 and the gray scale
voltages V0 to V255 from the gray scale voltage generator
150 to generate m data voltages corresponding to the received
input image data. To this end, the DAC unit 124 includes m
digital-to-analog converters (DACs) 124/ to 124m. That is,
the DAC unit 124 generates m data voltages using the DACs
124/ to 124m positioned on each channel to supply the gen-
erated data voltages to the buffer unit 125.

[0047] The buffer unit 125 supplies the m data voltages
supplied from the signal generator 124 to the m data lines D1
to Dm, respectively. To this end, the buffer unit 125 includes
m buffers 125/ to 125m.

[0048] Referring back to FIG. 1, the gate driver 130 gener-
ates the scan signals using the gate driving clock CPV, the
start pulse STV, and the like, input from the timing controller
110 to output the generated scan signals to the pixels P11 to
Pnm through each scan line Si to Sn, respectively. In addition,
as described above, the gate driver 130 may also output the
light emitting control signals to the pixels P11 to Pnm through
light emitting control lines (not shown), respectively. That is,
the scan lines Si to Sn and the light emitting control lines (not
shown) may sequentially or simultaneously output the scan
signals and the light emitting control signals in a row unit.
According to the implementation of the OLED display device
100, the gate driver 130 may generate additional driving
signals to output the generated additional driving signals to
each pixel P11 to Pnm.

[0049] The gray scale generator 150 generates a plurality of
gamma corrected gray scale voltages V0 to V255 to output the
generated gamma corrected gray scale voltages to the data
driver 120. A number of the plurality of gray scale voltages
V0 to V255 may be varied according to the number of gray
scales displayed in the OLED device 100. Although the exem-
plary embodiment is described under the assumption that the
gray scale displayed in the OLED display device 100 is 256
gray scales, the exemplary embodiment is not limited thereto.
[0050] According to the exemplary embodiment, when
dimming is performed in the OLED display device 100, the
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preset dimming step is not provided. Instead, a gamma refer-
ence voltage appropriate for any selected brightness, i.e., any
dimming step, is calculated, and optimal gray scale voltages
for any selected brightness are generated by the gamma ref-
erence voltage, thereby making it possible to naturally imple-
ment a continuous dimming mode.

[0051] More specifically, according to the exemplary
embodiment, a gamma table is determined to correspond to
the OLED display device 100 emitting light at a maximum
brightness level, so the data voltages corresponding to 0 to
255 gray scales are determined by the gamma table. Then,
when a user selects any brightness level (dimming step), the
data voltage corresponding to the selected brightness level is
set to the gamma reference voltage based on the gamma table
at the determined maximum brightness level, thereby making
it possible to implement the dimming mode of the OLED
display device 100.

[0052] FIG. 4isablock diagram showing a configuration of
the gray scale voltage generator 150 according to the exem-
plary embodiment. Referring to FIG. 4, the gray scale gen-
erator 150 is configured to include a brightness/color coordi-
nate correction unit 152, a gamma control signal output unit
154, and a gamma correction circuit 400.

[0053] The brightness/color coordinate correction unit 152
includes a gamma table 152a set, e.g., configured to corre-
spond to the OLED device emitting light at a maximum
brightness level, and a gamma reference voltage lookup table
(LUT)15256. The LUT 1524 includes voltage values of data of
red, green, and blue data corresponding to each gray scale and
brightness values at the maximum brightness level based on
the gamma table 152a.

[0054] Inan OLED display device, a displayed brightness
of each completed product may be different from a target
brightness due to a potential deviation in a manufacturing
process of each product, aside from the implementation of the
dimming mode. Therefore, in each OLED display device, a
measured brightness of each product needs to be corrected to
match the target brightness. However, when only brightness
of'the OLED display device is corrected, white balance may
be distorted due to a difference in efficiency among a red
pixel, a green pixel, and a blue pixel.

[0055] Therefore, color coordinate correction is performed
together, e.g., simultaneously, with the brightness correction.
In other words, according to the exemplary embodiment, a
reference offset value is set in order to perform the gamma
voltage correction on the preset reference gray scale (for
example, a 255 gray scale, a 171 gray scale, a 87 gray scale,
a 59 gray scale, etc.) based on the case in which the OLED
emits light at the maximum brightness level through the
brightness/color correction unit 152, and an additional, e.g.,
different, offset value for at least one of the remaining gray
scales, other than the reference gray scale, is set to be applied
to the gamma voltage correction corresponding to the gray
scale, such that the optimal gamma table at the maximum
brightness level is set.

[0056] In addition, the data voltages corresponding to O to
255 gray scales at the maximum brightness level are deter-
mined through the set optimal gamma table 152a. That is, the
brightness/color correction unit 152 includes the gamma ref-
erence voltage LUT 1525, in which voltage values of red,
green, and blue data corresponding to each gray scale and
brightness at the maximum brightness level are listed. An
operation of the bright/color coordinate correction unit 152
will be described hereinafter.
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[0057] First, the pixel unit 140 (See FIG. 1) of the OLED
display device 100 analyzes a screen that is light-emitted at
the maximum brightness level (for example, 300 cd/m?) and
measures the brightness and the color coordinate for the ref-
erence gray scale. According to the exemplary embodiment,
when data is implemented by 256 gray scales, e.g., 0 to 255
gray scales, the reference gray scale may be a 255 gray scale
and a 177 gray scale.

[0058] That is, another gray scale data at a gamma tuning
point lying on a brightness curve according to the gray scale,
e.g., data of the 171 gray scale, in addition to the data of the
maximum gray scale, e.g., data of the 255 gray scale, may be
further applied to a panel. In this case, a screen analysis on a
plurality of gamma turning points, i.e., a plurality of gray
scales may be performed, such that precision of the brightness
correction may be improved.

[0059] Further, a brightness comparison operation of mea-
suring a chromaticity and a brightness of the screen, deter-
mining a color coordinate based on the measured chromatic-
ity, and a brightness calculating difference between the target
brightness and the measured brightness based on the mea-
sured brightness may be performed.

[0060] Further, a reference offset value for the reference
gray scale is set according to the analysis result on the screen.
More specifically, a reference brightness offset value allow-
ing the brightness to be adjusted in accordance with the
brightness difference between the target brightness and the
reference gray scale obtained by the brightness comparison,
and a reference color coordinate offset value allowing the
chromaticity to be adjusted in accordance with the chroma-
ticity for the reference gray scale may be set. For example, in
the case of the reference offset value, a gamma adjustment
capable of value compensating for the brightness difference
between the target brightness and the measured brightness
may be set to the reference brightness offset value, and a color
coordinate shift value capable of correcting the color coordi-
nate distorted due to the brightness correction, a problem in a
process, or the like, may be set to the reference color offset
value. At this time, the offset values corresponding to the
brightness difference and/or the color coordinate may be
derived from a preset equation, a graph, or the like.

[0061] Further, the brightness/color coordinate correction
unit 152 may set the reference offset value in order to perform
the gamma value correction on the reference gray scale and
set the additional offset value for at least one of the remaining
gray scales except for the reference gray scale to apply them
to the gamma voltage correction corresponding to the gray
scale. That is, the additional offset value for the gray scales,
i.e., an offset value other than the reference gray scale, rather
than the reference offset value, e.g., the 255 gray scale, is set
based on the reference offset value, e.g., the 171 gray scale.
[0062] That is, in the brightness/color coordinate correc-
tion unit 152, the reference offset value for the reference
gamma voltage corresponding to the reference gray scale is
set, and the reference gamma voltage and the reference offset
value are summed up, such that the corrected reference
gamma voltage is generated. Then, when the additional offset
value is set, the gamma voltage, e.g., a 180 gray scale, is
corrected by summing up the reference offset value and the
additional offset value.

[0063] The color coordinate correction may be performed
reflecting the reference color coordinate offset value and the
additional color coordinate offset value, similar to the bright-
ness correction.
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[0064] As described above, when the operation of the
brightness/color coordinate correction unit 152 is performed,
the gamma table 1524 set to be optimized based on the case in
which the OLED device emits light at the maximum bright-
ness level, and the gamma reference voltage LUT 1525, in
which the voltage values of data of the red, green and blue
data corresponding to each gray scale and brightness at the
maximum brightness level are listed based on the gamma
table 152a, are generated in the brightness/color coordinate
correction unit.

[0065] The optimized gamma table 152a may be imple-
mented as the curve shown in FIG. 5A, and the gamma
reference LUT 1525 based on the gamma table may be imple-
mented as shown in FIG. 5B. Here, although the gamma table
152a may be implemented as individual gamma curves cor-
responding to the red, green, and blue data, only a gamma
curve for specific color data is shown in FIG. 5A. Further, in
the gamma table values of brightness and gray scale corre-
sponding to the gamma curve may be also implemented in a
look-up table form. That is, referring to the gamma table
optimized at the maximum brightness level (300 cd/m?)
shown in FIG. 5A, it may be appreciated that the gray scale
and the brightness are in proportion to each other in a one-to-
one way. Therefore, the gray scale corresponding to the spe-
cific brightness may be confirmed.

[0066] In addition, the gamma reference LUT 1525 shown
in FIG. 5B is a LUT that includes voltage values of the red,
green, and blue data corresponding to each gray scale and
brightness at the maximum brightness level based on the
gamma table shown in FIG. 5B. Referring to the gamma
reference LUT 1525, the voltage values of the red, green, and
blue data corresponding to the specific brightness and gray
scale may be confirmed.

[0067] According to the exemplary embodiment, since the
data voltage V4 is in inverse proportion to the driving
current I,; -, applied to a pixel electrode of the light emitting
device (Io;zp*=Vpyry) in view of characteristics of the
OLED device, a low brightness and a low gray scale corre-
spond to a high data voltage, and a high brightness and a high
gray scale correspond to a low data voltage as shown in FIG.
5B.

[0068] Therefore, according to the exemplary embodiment,
in implementing the dimming of the OLED device, e.g., when
it is assumed that the predetermined brightness level (dim-
ming step) is 100 cd/m?, the gray scale value corresponding to
the dimming step may be confirmed in FIG. 5A, and red,
green, and blue data voltages corresponding to the brightness
and gray scale values may be derived from FIG. 5B. That is,
the most approximate value to the brightness level of the
dimming step that is to be implemented is searched, thereby
making it possible to determine the red, green, and blue data
voltages corresponding to the value.

[0069] FIG. 5C shows a portion of a LUT representing an
example of red, green, and blue data voltages selected in
accordance with the selected dimming step (100 cd/m?).
Referring to FIG. 5C, it may be appreciated that, first, when a
154 gray scale is selected as an approximate value of the gray
scale corresponding to the brightness level of 100 cd/m?, the
red, green, and blue data corresponding to the 154 gray scale
are 3.0120(V), 3.1323(V), and 2.8485(V), respectively. That
is, the data voltages may be calculated as the minimum ref-
erence voltage V255 corresponding to the dimming step, and
the remaining medium reference voltages (V1, V15, V35,
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V59, V87, and V171) may be also calculated as optimal
voltage values through the LUT.

[0070] Here, the calculated voltages of the red, green, and
blue data are set to gamma reference voltages for the dimming
step (100 cd/m?). To this end, the gamma control signal out-
put unit 154 outputs the a gamma reference voltage control
signal GCON corresponding to the selected dimming step to
the gamma correction circuit 400 with reference to the
gamma table 1524 and the gamma reference voltage look-up
table 15254 included in the brightness/color coordinate cor-
rection unit 152. That is, the gamma reference voltage control
signal GCON is a signal controlling the voltages of the red,
green, and blue data voltages calculated corresponding to the
dimming step (100 cd/m?) through the gamma reference volt-
age look-up table so as to be set to the reference voltages
generated in the gamma correction circuit 400.

[0071] According to the exemplary embodiment, magni-
tudes of the gray scale voltages V0 to V255 output from the
gamma correction circuit 400 are adjusted, thereby making it
possible to adjust the brightness level (dimming step) of the
OLED display device 100.

[0072] To this end, the brightness/color coordinate correc-
tionunit 152 receives a target brightness level TRG represent-
ing the brightness level of the OLED display device 100 and
determines the gamma reference control signals GCON to be
provided to the gamma correction circuit 400 according to the
target brightness level TRG in order to adjust the brightness
level of the OLED display device 100. Further, the gamma
reference voltage control signals GCON may be determined
with respect to the red, green, and blue data, respectively.
[0073] In addition, the gamma correction circuit 400 gen-
erates the gray scale voltages V0 to V255 in accordance with
the corresponding brightness level of the gamma reference
voltage control signal GCON output from the gamma control
signal output unit to output the generated gray scale voltages
V0 to V255 to the data driver 120.

[0074] FIG. 6 is a block diagram showing a structure of the
gamma correction circuit 400 according to the exemplary
embodiment. It is noted, however, that the gamma correction
circuit in FIG. 6 is only an example, so a configuration of the
gamma correction circuit according to the exemplary
embodiment is not limited thereto.

[0075] Referring to FIG. 6, the gamma correction circuit
400 according to the exemplary embodiment is configured to
include a voltage magnitude adjusting unit 410, a maximum-
minimum voltage determining unit 420, a gamma adjusting
unit 430, a medium voltage unit 440, and a gray scale voltage
outputting unit 490.

[0076] The gamma correction circuit 400 receives the
gamma reference control signal GCON output from the
gamma control signal output unit 154. Through the gamma
reference control signal GCON, voltage levels of the refer-
ence voltages generated in the maximum-minimum voltage
determining unit 420 and the medium voltage unit 440 are
determined.

[0077] The voltage magnitude adjusting unit 410 outputs
magnitude data determining magnitudes of the maximum and
minimum gray scales to the maximum-minimum voltage
determining unit 420, and includes an R voltage (red data
voltage) magnitude adjusting unit 411, a G voltage (green
data voltage) magnitude adjusting unit 413, and a B voltage
(blue data voltage) magnitude adjusting unit 415. The R volt-
age magnitude adjusting unit 411 outputs R voltage magni-
tude data capable of determining magnitudes of an R maxi-
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mum gray scale voltage and a R minimum gray scale voltage
capable of displaying all R gray scales. Likewise, the G
voltage magnitude adjusting unit 413 and the B voltage mag-
nitude adjusting unit 415 output G voltage magnitude data
capable of displaying all G gray scales and B voltage magni-
tude data capable of displaying all B gray scales, respectively.
[0078] An RGB magnitude selecting unit 417 sequentially
outputs the R voltage magnitude data, the G voltage magni-
tude data, and the B magnitude data to the maximum-mini-
mum voltage determining unit 420 one by one. The maxi-
mum-minimum voltage determining unit 420 includes a
maximum power supply voltage (V) input terminal 421, a
minimum power supply voltage (V) input terminal 422, a
resistor row 423, a maximum voltage determining unit 424,
and a minimum voltage determining unit 425. The maximum-
minimum voltage determining unit 420 determines a maxi-
mum reference voltage V0 representing the minimum gray
scale and a minimum reference voltage V255 representing the
maximum gray scale among the voltage levels between the
maximum power supply voltage V,; and the minimum power
supply voltage V, that are input from the outside based on the
magnitude data input from the voltage magnitude adjusting
unit 410.

[0079] The gamma correction unit 430 outputs gamma data
capable of optimizing display characteristics of the display
panel to the medium voltage unit 440 and includes an R
gamma correction unit 433, a B gamma correction unit 435,
and a RGB gamma selecting unit 437. The R gamma correc-
tion unit 431 outputs R gamma data, and the G gamma cor-
rection unit 433 and the B gamma correction unit 435 output
G gamma data and B gamma data, respectively. The RGB
gamma selecting unit 437 sequentially outputs the R gamma
data, the G gamma data, and the B gamma data to the medium
voltage unit 440 one by one.

[0080] The medium voltage unit 440 selects medium ref-
erence voltages V15, V35, V59, V87, and V171 correspond-
ing to the gamma turning points at which gradients are varied
on the gamma curve representing a relationship between each
gray scale level and the gamma corrected gray scale based on
the gamma data from the gamma correction unit 430. The
medium voltage unit 440 includes a plurality of medium
voltage selecting unit 450 to 480, wherein the number of the
medium voltage selecting units may be the same as that of the
gamma turning points in the gamma curve representing opti-
mal display characteristics of the display panel.

[0081] The gray scale output unit 490 receives the reference
voltages input from the plurality of medium voltage selecting
units 450 to 480 and generates a plurality of voltage levels
having a linear relationship within the range of each two
reference voltages to gray scale voltages to output every gray
scale voltage, thereby making it possible to display all gray
scales, i.e., the 0 to 255 gray scale voltages V0 to V255.
Although the gray scale voltage output unit 490 may be easily
configured of a plurality of resistors having same resistance
value to thereby be connected to in series with each other, the
example embodiments are not limited thereto.

[0082] FIG. 7 is a flow chart showing a method of generat-
ing gray scale voltage according to the exemplary embodi-
ment.

[0083] Referringto FIG. 4to FIG. 7, first, a reference offset
value is set in order to perform gamma voltage correction on
the preset reference gray scale (for example, the 255 gray
scale, the 171 gray scale, the 87 gray scale, the 59 gray scale,
etc.) through a brightness/color coordinated correction unit
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152 based on the case in which the OLED emits light at the
maximum brightness level, and then an additional offset
value for at least one of remaining gray scales except for the
reference gray scale is set to thereby be applied to gamma
voltage correction corresponding to the gray scale, such that
the optimal gamma table at the maximum brightness level is
set.

[0084] In addition, the data voltages corresponding to O to
255 gray scales at the maximum brightness level are deter-
mined through the set optimal set gamma table 1524. That is,
the gamma reference voltage LUT 1525, in which voltage
values of red, green, and blue data corresponding to each gray
scale and brightness at the maximum brightness level are
listed, is implemented (operation ST100).

[0085] Thereafter, in the case in which the target brightness
is changed (operation ST100), i.e., a user selects a dimming
step corresponding to a predetermined brightness level, the
gamma control signal output unit 154 outputs the gamma
reference voltage control signal GCON corresponding to the
dimming step to the gamma correction circuit 400 with ref-
erence to the gamma table 152a and the gamma reference
voltage LUT 1526 included in the brightness/color coordi-
nate correction unit 152 (operation ST130).

[0086] Here, the gamma reference control signal GCON is
a signal controlling the gamma reference voltage calculated
corresponding to the dimming step which is described above
such that the gamma reference signal is generated in the
gamma correction circuit 400.

[0087] However, in the case in which the target brightness
is not varied (operation ST 110), the gamma reference voltage
control signal GCON that is currently being output through
the gamma signal control output unit 154 is continuously
output to the gamma correction circuit 400 (operation ST
120).

[0088] Next, the gamma correction circuit 400 generates
the gray scale voltages V0 to V255 corresponding to respec-
tive brightness levels according to the gamma reference volt-
age control signal GCON output from the gamma control
signal output unit to output the generated gray scale voltages
V0 to V255 to the data driver 120 (operation ST 140).
[0089] As a result, in the gray scale generator 150 accord-
ing to the exemplary embodiment, as described in FIG. 4 to
FIG. 6, the gamma table is determined based on the case in
which the OLED device emits light at the maximum bright-
ness level and data voltages corresponding to 0 to 255 gray
scales are determined by the gamma table. Then, when a user
selects any brightness level (dimming step), the data voltage
corresponding to the selected brightness level is set to the
gamma reference voltage based on the gamma table at the
determined maximum brightness level, thereby making it
possible to implement a natural and continuous dimming
mode of the OLED device.

[0090] As set forth above, according to the exemplary
embodiments, a gamma reference voltage which is appropri-
ate for any selected brightness is calculated instead of divid-
ing the brightness level into several steps, and optimal gray
scale voltages for the any selected brightness is generated,
thereby making it possible to naturally implement a continu-
ous dimming mode.

[0091] In contrast, according to the related art, in order to
implement the dimming mode ofthe OLED display device, a
predetermined number of dimming steps (brightness levels)
are preset, and a fixed gamma table is collectively applied for
gamma implementation for each dimming step. However,
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brightness and color of the displayed image displayed for
each dimming step may become non-uniform and brightness
may be adjusted except for several preset dimming steps.
[0092] Further, in the organic light emitting display device
according to the related art, a data driver generates data sig-
nals having a voltage according to gray scale of data based on
a preset gamma reference voltage. However, in the case in
which dispersion occurs in a panel property due to a deviation
in a manufacturing process, images having different bright-
ness may be displayed on each panel, even with respect to the
same data signal.

[0093] While the example embodiments has been
described in connection with certain exemplary embodi-
ments, it is to be understood that the exemplary embodiments
are not limited to the disclosed embodiments, but, on the
contrary, is intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of' the appended claims, and equivalents thereof.

What is claimed is:

1. An apparatus for generating gray scale voltage for an
organic light emitting diode (OLED) display device, the
apparatus comprising:

a brightness/color coordinate correction unit including a
gamma table and a gamma reference voltage look-up
table, the gamma table including data corresponding to
an image displayed on a pixel unit of the OLED display
device at a first brightness level, and the gamma refer-
ence voltage look-up table including voltage values of
red, green, and blue data corresponding to each gray
scale and brightness values at the first brightness level in
accordance with the gamma table;

a gamma control signal output unit configured to output a
gamma reference voltage control signal corresponding
to a second brightness level in accordance with the
gamma table and the gamma reference voltage look-up
table; and

a gamma correction circuit configured to receive the
gamma reference voltage control signal, to generate
gray scale voltages corresponding to the second bright-
ness level, and to output the generated gray scale volt-
ages to a data driver.

2. The apparatus according to claim 1, wherein the first

brightness level is a maximum brightness level.

3. The apparatus according to claim 2, wherein the maxi-
mum brightness level is about 300 cd/m>.

4. The apparatus according to claim 1, wherein the gamma
correction circuit is configured to generate a plurality of ref-
erence voltages and to distribute voltages between the plural-
ity of reference voltages to generate the gray scale voltages.

5. The apparatus according to claim 4, wherein the gamma
reference voltage control signal is configured to control volt-
age values corresponding to the second brightness level in
accordance with the gamma reference voltage look-up table,
the voltage values corresponding to the reference voltages
generated in the gamma correction circuit.

6. The apparatus according to claim 1, wherein the gamma
table is set by applying a reference offset value to a preset
reference gray scale in accordance with the first brightness
level and by applying an additional offset value to at least one
gray scale other than the preset reference gray scale for per-
forming a gamma voltage correction.

7. The apparatus according to claim 6, wherein the gamma
table is set by further applying a reference color coordinate
offset to the preset reference gray scale based on the first
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brightness level, and an additional color coordinate offset
value to the at least one gray scale other than the reference
gray scale.

8. A method of generating a gray scale voltage of an
organic light emitting diode (OLED) display device, the
method comprising:

setting a gamma table including data corresponding to an

image displayed on a pixel unit of the OLED display
device at a first brightness level;
implementing a gamma reference look-up table including
voltage values of red, green, and blue data correspond-
ing to each gray scale and brightness values at the first
brightness level in accordance with the gamma table;

selecting a second brightness level different from a current
brightness level;

outputting a gamma reference voltage control signal cor-

responding to the second brightness level in accordance
with gamma table and the gamma reference voltage
look-up table;

generating gray scale voltages corresponding to the second

brightness level in gamma reference voltage control sig-
nal; and

outputting the generated gray scale voltages to a data

driver.
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9. The method according to claim 8, wherein the first
brightness level is a maximum brightness level.

10. The method according to claim 8, wherein the gray
scale voltages are generated by generating a plurality of ref-
erence voltages and distributing voltages between the refer-
ence voltages in a gamma correction circuit.

11. The method according to claim 10, wherein the gamma
reference voltage control signal is a signal controlling the
voltage values of data calculated corresponding to the second
brightness level by the gamma reference voltage look-up
table so as to be set to the reference voltages generated in the
gamma correction circuit.

12. The method according to claim 8, wherein the gamma
table is set by applying a reference offset value for performing
gamma voltage correction on a preset reference gray scale
based the first brightness level and an additional offset value
for performing the gamma voltage correction on at least one
gray scale other than the reference gray scale.

13. The method according to claim 12, wherein the gamma
table is set by additionally applying a reference color coordi-
nate offset value for the preset reference gray scale based on
the first brightness level, and an additional color coordinate
offset value for the at least one gray scale other than the
reference gray scale.
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