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Description

[0001] The present invention relates to an apparatus
for generating a gray-scale voltage, a method for gener-
ating a gray-scale voltage, and an organic electrolumi-
nescent display device including the apparatus.

[0002] Adisplay device displays animage correspond-
ing to an input image by applying scanning signals and
data voltages to a plurality of pixels. The data voltage
supplied to each pixel is generated by a data driver of
the display device. The data driver of the display device
performs a digital-analog conversion of the digital signal
input image data. In the digital-analog conversion, gray-
scale voltages corresponding to respective gray scales
are used. The gray-scale voltages are generated by us-
ing a gamma correction circuit or others.

[0003] An organic electroluminescent display device
includes Organic Light Emitting Diodes (OLEDs), which
are self light-emitting devices. The OLEDs are self light-
emitting devices for individual pixels. The individual pix-
els receive data voltages, generate driving currents, and
supply the driving currents to the corresponding OLEDs.
Thus, the OLEDs emit light having a luminance level ac-
cording to the magnitude of each of the driving currents.
[0004] US 2007/035489 A1 relates to a control method
of a flat panel display device. EP 0965974 A1 relates to
a method of a system for controlling a brightness of a
picture displayed on a plasma display panel.

[0005] Accordingto an aspect of the current invention,
there are provided a method for generating a gray-scale
voltage in a display device according to claim 1 and an
apparatus for generating a gray-sclae voltage in a display
device according to claim 8.

[0006] A feature of an embodiment of the present in-
vention is the provision of an organic electroluminescent
display device capable of natural dimming.

[0007] Another feature of an embodiment of the
present invention is the provision of an organic electro-
luminescent display device capable of dimming without
a change of color temperature when the dimming is per-
formed by controlling a gray-scale voltage.

[0008] Atleastone of the above and other features and
advantages may be realized by providing a method for
generating a gray-scale voltage in a display device, the
method including: receiving a target luminance level dif-
ferent from a current luminance level; searching a refer-
ence voltage table containing gamma circuit control sig-
nals for a plurality of luminance levels for a gamma circuit
control signal for the target luminance level and a gamma
circuit control signal for at least one intermediate lumi-
nance level between the current luminance level and the
target luminance level; and adjusting a luminance level
by adjusting gray-scale voltages of the display device
through a plurality of steps from the current luminance
leveltothe targetluminance level using the gammacircuit
control signals found from the reference voltage table,
wherein the gamma circuit control signals are control sig-
nals for controlling voltage levels of the gray-scale volt-
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ages of the display device.

[0009] The gamma circuit control signals may be con-
trol signals for determining voltage levels of a plurality of
reference voltages used for generating the gray-scale
voltages.

[0010] The reference voltage table may include gam-
ma circuit control signals for color components corre-
sponding to respective sub-pixels on the plurality of lu-
minance levels.

[0011] The reference voltage table may include gam-
ma circuit control signals adjusted not to change color
temperature of an image displayed on the display device
in the plurality of luminance levels.

[0012] The number of the plurality of steps may be pre-
determined, the method may further include: determining
whether the number of intermediate luminance levels
searched from the reference voltage table is not enough
to adjust the gray-scale voltages of the display device
through the predetermined number of plurality of steps;
determining, if the number of intermediate luminance lev-
els is not enough, at least one additional intermediate
luminance level by interpolating among the current lumi-
nance level, the intermediate luminance levels, and the
target luminance level searched from the reference volt-
age table; and generating a gamma circuit control signal
corresponding to the at least one additional intermediate
luminance level, and adjusting of the luminance level
through a plurality of steps using the gamma circuit con-
trol signals found from the reference voltage table and
the gamma circuit control signal corresponding to the at
least one additional intermediate luminance level.
[0013] The method may further include: determining
whether the target luminance level exists in the reference
voltage table; and generating, if the targetluminance lev-
el does not exist in the reference voltage table, the gam-
ma circuit control signal corresponding to the target lu-
minance level by interpolating the gamma circuit control
signals for the luminance levels included in the reference
voltage table or parameters related to the gamma circuit
control signals.

[0014] The target luminance level may be determined
accordingto auser’sinputforadjusting a luminance level.
In this case, the user’s input for adjusting a luminance
level may be limited to selecting the luminance level from
only the luminance levels included in the reference volt-
age table.

[0015] The display device may be an organic electro-
luminescent display device.

[0016] Atleastone of the above and other features and
advantages may also be realized by providing an appa-
ratus for generating a gray-scale voltage in a display de-
vice, the apparatus including: a gamma correction circuit
for generating and outputting a plurality of gray-scale volt-
ages; a reference voltage table storage for storing a ref-
erence voltage table containing gamma circuit control
signals for controlling the gamma correction circuit for a
plurality of luminance levels; and a gamma circuit control
signal generator for receiving a current luminance level
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and atargetluminance level, and if the current luminance
level is different from the target luminance level, search-
ing the reference voltage table for agamma circuit control
signal for the target luminance level and a gamma circuit
control signal for at least one intermediate luminance lev-
el between the current luminance level and the target
luminance level, and controlling to adjust a luminance
level of the display device by adjusting the plurality of
gray-scale voltages through a plurality of steps from the
current luminance level to the target luminance level us-
ing the gamma circuit control signals found from the ref-
erence voltage table.

[0017] The gamma circuit control signals may be con-
trol signals for determining voltage levels of a plurality of
reference voltages used for generating the gray-scale
voltages in the gamma correction circuit.

[0018] The reference voltage table may include gam-
ma circuit control signals for color components corre-
sponding to respective sub-pixels on the plurality of lu-
minance levels.

[0019] The reference voltage table may include gam-
ma circuit control signals adjusted not to change color
temperature of an image displayed on the display device
in the plurality of luminance levels.

[0020] The number of the plurality of steps may be pre-
determined, the apparatus may further include an inter-
polatorfor, ifthe number ofintermediate luminance levels
searched from the reference voltage table is not enough
to adjust the gray-scale voltages of the display device
through the predetermined number of plurality of steps,
determining at least one additional intermediate lumi-
nance level by interpolating among the currentluminance
level, the intermediate luminance levels, and the target
luminance level searched from the reference voltage ta-
ble and generating a gamma circuit control signal corre-
sponding to the at least one additional intermediate lu-
minance level, and the gamma circuit control signal gen-
erator may adjust the luminance level through a plurality
of steps using the gamma circuit control signals found
from the reference voltage table and the gamma circuit
control signal corresponding to the at least one additional
intermediate luminance level.

[0021] The apparatus may further include an interpo-
lator for, if the target luminance level does not exist in
the reference voltage table, generating the gamma circuit
control signal corresponding to the targetluminance level
by interpolating the gamma circuit control signals for the
luminance levels included in the reference voltage table
or parameters related to the gamma circuit control sig-
nals.

[0022] The target luminance level may be determined
according to a user’s input for adjusting aluminance level.
[0023] The user’sinputfor adjusting a luminance level
may be limited to selecting the luminance level from only
the luminance levels included in the reference voltage
table.

[0024] The display device may be an organic electro-
luminescent display device.
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[0025] An organic electroluminescent display device
may include: a plurality of pixels disposed on crossing
points between data lines and scanning lines; a gate driv-
er for outputting scanning signals to the plurality of pixels
through the scanning lines, respectively; a data driver for
generating data voltages corresponding to an input im-
age input to the organic electroluminescent display de-
vice from a plurality of gray-scale voltages and outputting
the data voltages to the plurality of pixels through the
data lines, respectively; and a gray-scale voltage gener-
ator for generating the plurality of gray-scale voltages
and outputting the plurality of gray-scale voltages to the
data driver, wherein the gray-scale voltage generator in-
cludes: a gamma correction circuit for generating and
outputting a plurality of gray-scale voltages; a reference
voltage table storage for storing a reference voltage table
containing gamma circuit control signals for controlling
the gamma correction circuit for a plurality of luminance
levels; and a gamma circuit control signal generator for
receiving a current luminance level and a target lumi-
nance level, and if the current luminance level is different
from the target luminance level, searching the reference
voltage table for a gamma circuit control signal for the
target luminance level and a gamma circuit control signal
for at least one intermediate luminance level between
the current luminance level and the target luminance lev-
el, and controlling to adjust a luminance level of the or-
ganic electroluminescent display device by adjusting the
plurality of gray-scale voltages through a plurality of steps
from the current luminance level to the target luminance
level using the gamma circuit control signals found from
the reference voltage table.

[0026] The above and other features and advantages
will become more apparent to those of ordinary skill in
the art by describing in detail exemplary embodiments
with reference to the attached drawings, in which:

FIG. 1 illustrates a block diagram of an organic elec-
troluminescent display device according to an exem-
plary embodiment;

FIG. 2 illustrates a circuit diagram of an illustrative
pixel Pij;

FIG. 3 illustrates a block diagram of a data driver
according to an exemplary embodiment;

FIG. 4 illustrates a graph of a dimming operation ac-
cording to an exemplary embodiment;

FIG. 5illustrates a diagram of controlling voltage lev-
els of individual reference voltages in the dimming
operation according to an exemplary embodiment;

FIG. 6 illustrates a reference voltage table according
to an exemplary embodiment;

FIG. 7 illustrates a block diagram of a gray-scale
voltage generator according to an exemplary em-
bodiment;

FIG. 8 illustrates a block diagram of a gamma cor-
rection circuit according to an exemplary embodi-
ment;

FIG. 9 illustrates a flowchart of a method for gener-
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ating a gray-scale voltage, according to an exempla-
ry embodiment;

FIG. 10 illustrates a block diagram of a gray-scale
voltage generator according to another exemplary
embodiment;

FIG. 11 illustrates a flowchart of a method for gen-
erating a gray-scale voltage, according to another
exemplary embodiment; and

FIG. 12illustrates a diagram of determining addition-
al intermediate luminance levels according to an ex-
emplary embodiment.

[0027] Example embodiments will now be described
more fully hereinafter with reference to the accompany-
ing drawings; however, they may be embodied in differ-
ent forms and should not be construed as limited to the
embodiments set forth herein. Rather, these embodi-
ments are provided so that this disclosure will be thor-
ough and complete, and will fully convey the scope of
the invention to those skilled in the art.

[0028] The following description and the accompany-
ing drawings are provided to assist in a comprehensive
understanding of operations according to the present in-
vention, and parts easily implemented by those of ordi-
nary skill in the art can be omitted. In addition, the spec-
ification and the accompanying drawings are provided
for illustration purpose only and not for the purpose of
limiting the invention as defined by the appended claims.
[0029] FIG. 1 is a block diagram illustrating an organic
electroluminescent display device 100 according to an
exemplary embodiment.

[0030] Referring to FIG. 1, the organic electrolumines-
cent display device 100 includes a timing controller 110
for generating control signals and outputting the control
signals to a data driver 120 and a gate driver 130. The
data driver 120 outputs data voltages corresponding to
an input image to a plurality of pixels P4 to P, through
data lines D¢ to D,,, respectively. The gate driver 130
outputs scanning signals to the plurality of pixels P44 to
P,.m through scanning lines S, to S,,, respectively. A pixel
unit 140 includes the plurality of pixels P, to P, con-
nected with the scanning lines S, to S, light-emitting
control lines E4 to E,,, and the data lines D4 to D,,. A gray-
scale voltage generator 150 generates a plurality of gray-
scale voltages VO to V255 and supplies the plurality of
gray-scale voltages VO to V255 to the data driver 120.
[0031] The timing controller 110 receives an input im-
age signal and an input control signal for controlling the
display of the input image from an external graphic con-
troller (not shown). The timing controller 110 generates
input image data DATA, a source start pulse SSP, a
source shift clock SSC, and a source output enable signal
SOE from the input image signal and the input control
signal and provides the generated signals to the data
driver 120. The timing controller 110 also generates a
gate driving clock CPV and a start pulse STV and outputs
the generated signals to the gate driver 130.

[0032] The pixelunit 140 includes the pixels P4 to P,
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disposed on crossing points between the scanning lines
S, to S,, and the data lines D4 to D,. The pixels P4 to
P.m can be arranged in the form of an mXn matrix, as
shown in FIG. 1. Each of the pixels P44 to P, includes
alight-emitting device and receives a high source voltage
ELVDD and a low source voltage ELVSS. The high
source voltage ELVDD and a low source voltage ELVSS
are used for the light-emitting device to emit light from
the outside. In addition, each of the pixels P44 to P,
activates the light-emitting device to emit light with a lu-
minance level corresponding to the data voltage by pro-
viding a driving current or voltage to the light-emitting
device. The light-emitting device may be an Organic
Light-Emitting Diode (OLED).

[0033] The individual pixels P44 to P, control the
amount of current supplied to the OLEDs in correspond-
ence with the data voltages delivered through the data
lines D4 to D,,.

[0034] The OLEDs emitlight with luminance levels cor-
responding to the data voltages in response to light-emit-
ting control signals delivered through the light-emitting
control lines E; to E,,.

[0035] FIG. 2 is a circuit diagram showing a structure
of an illustrative pixel Pij. Pixel circuits 210, according to
an exemplary embodiment, can be implemented with an
N-type transistor or a P-type transistor. Hereinafter, ex-
emplary embodiments will be described based on a pixel
circuit 210 implemented with an N-type transistor.
[0036] The pixel Pij includes an OLED and the pixel
circuit 210. The OLED receives a driving current | gp
output from the pixel circuit 210 and emits light. The
OLED also emits a luminance level of the light depending
on the magnitude of the driving current |g gp.

[0037] The pixel circuit 210 can include a capacitor C1,
a driving transistor M1, and a scanning transistor M2.
The driving transistor M1 includes a first terminal D for
receiving the high source voltage ELVDD, a second ter-
minal S connected to an anode of the OLED, and a gate
terminal connected to a second terminal of the scanning
transistor M2. The anode of the OLED is connected to
the second terminal S of the driving transistor M1, and a
cathode thereof is connected to the low source voltage
ELVSS. The scanning transistor M2 includes a first ter-
minal connected to a data line DJ-, a second terminal con-
nected to the gate terminal of the driving transistor M1,
and a gate terminal connected to a scanning line S;. The
capacitor C1 is connected between the gate terminal and
the first terminal D of the driving transistor M1.

[0038] If a scanning signal having a gate-on level is
applied to the scanning transistor M2, the data voltage
is applied to the gate terminal of the driving transistor M1
and a first terminal of the capacitor C1 through the scan-
ning transistor M2. While a valid data voltage is being
applied through the data line DJ-, a level corresponding to
the data voltage is charged into the capacitor C1. The
driving transistor M1 generates the driving current lq gp
according to a voltage level of the data voltage and out-
puts the driving current I gp to the OLED.
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[0039] The OLED receives the driving current |l gp
from the pixel circuit 210 and emits light with a luminance
level corresponding to the data voltage.

[0040] Thedatadriver 120 generates the data voltages
using the input image data DATA, the source start pulse
SSP, the source shift clock SSC, and the source output
enable signal SOE input from the timing controller 110.
The data driver 120 outputs the data voltages to the plu-
rality of pixels P, to P, through the data lines D, to Dy,
The data voltages can be output to a plurality of pixels
disposed in the same row during one horizontal period.
In addition, each of the plurality of data lines D to D,
transmitting the data voltages can be connected to a plu-
rality of pixels disposed in the same column.

[0041] FIG. 3is a block diagram illustrating a structure
of the data driver 120 according to an exemplary embod-
iment of the present invention.

[0042] Referring to FIG. 3, the data driver 120 includes
a shift register unit 121, a sampling latch unit 122, a hold-
ing latch unit 123, a Digital-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 from the
timing controller 110. Upon receiving the source start
pulse SSP and the source shift clock SSC, the shift reg-
ister unit 121 generates m sampling signals in sequence
by shifting the source start pulse SSP per period of the
source shift clock SSC. To generate m sampling signals
in sequence, the shift register unit 121 includes m shift
registers 1211 to 121m.

[0044] The sampling latch unit 122 sequentially stores
the inputimage data DATA inresponse to the m sampling
signals sequentially provided from the shift register unit
121. To store the input image data DATA, the sampling
latch unit 122 includes m sampling latches 1221 to 122m
to store m pieces of the input image data DATA.

[0045] The holding latch unit 123 receives the source
output enable signal SOE from the timing controller 110.
Upon receiving the source output enable signal SOE, the
holding latch unit 123 receives the input image data DA-
TA from the sampling latch unit 122 and stores the re-
ceived input image data DATA. The holding latch unit
123 provides the input image data DATA stored therein
to the DAC unit 124. To provide the input image data
DATA stored therein, the holding latch unit 123 includes
m holding latches 1231 to 123m.

[0046] The DAC unit124 receives the inputimage data
DATA from the holding latch unit 123 and the gray-scale
voltages V0 to V255 from the gray-scale voltage gener-
ator 150, and generates m data voltages in response to
the received inputimage data DATA. To generate m data
voltages in response to the received image data DATA,
the DAC unit 124 includes m DACs 1241 to 124m. The
DAC unit 124 generates m data voltages using the DACs
1241 to 124m disposed per channel and provides the
generated data voltages to the buffer unit 125.

[0047] The buffer unit 125 provides the m data voltag-
es, which have been received from the DAC unit 124, to
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the mdata lines D, to D,,. To provide the m data voltages,
the buffer unit 125 includes m buffers 1251 to 125m.
[0048] The gatedriver 130 generates scanning signals
and light-emitting control signals using the gate driving
clock CPV and the start pulse STV input from the timing
controller 110 and outputs the scanning signals and the
light-emitting control signals to the plurality of pixels P,
to P, through the scanning lines S; to S,, and the light-
emitting control lines E4 to E,,, respectively. Each of the
scanning lines S; to S, and each of the light-emitting
control lines E; to E,, can be connected to a plurality of
pixels disposed in the same column. The scanning lines
S, to §,, and the light-emitting control lines E; to E,, can
transmit scanning signals and light-emitting control sig-
nals in sequence on a row unit basis or at the same time.
According to an embodiment of the organic electrolumi-
nescent display device 100, the gate driver 130 can gen-
erate additional driving signals and output the additional
driving signals to the plurality of pixels P4 to P,
[0049] The gray-scale voltage generator 150 gener-
ates the gamma corrected gray-scale voltages VO to
V255 and outputs the plurality of gamma corrected gray-
scale voltages VO to V255 to the data driver 120. The
number of plurality of gamma corrected gray-scale volt-
ages V0 to V255 depends on the number of gray-scales
expressed by the organic electroluminescent display de-
vice 100. In the present embodiment, the description will
be made based on the organic electroluminescent dis-
play device 100 with 256 gray-scales.

[0050] Accordingtothe exemplary embodiments ofthe
present invention, when dimming is performed in the or-
ganic electroluminescent display device 100, the gray-
scale voltage generator 150 performs the dimming by
adjusting levels of the gray-scale voltages VO to V255
over a plurality of dimming steps. In addition, the gray-
scale voltages V0 to V255 are output through the plurality
of dimming steps, and are generated with reference to a
pre-stored reference voltage table.

[0051] FIG. 4 is a graph of a dimming operation ac-
cording to an exemplary embodiment.

[0052] The dimming operation steadily decreases a lu-
minance level of the organic electroluminescent display
device 100 during a predetermined time interval. Al-
though the description will be made based on dimming
in the present embodiment, the exemplary embodiments
can be applied to all operations that change a luminance
level of the organic electroluminescent display device
100. Thus, the exemplary embodiments include, not only
exemplary embodiments of decreasing a luminance lev-
el, but also exemplary embodiments of increasing a lu-
minance level. A luminance change of the organic elec-
troluminescent display device 100 can be performed by
a user’s input, outside light, a battery voltage, etc.
[0053] Asillustrated in FIG. 4, according to the exem-
plary embodiments, when a luminance level of the or-
ganic electroluminescent display device 100 is control-
led, dimming is performed by adjusting voltage levels of
the gray-scale voltages VO to V255. Thus, when a lumi-
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nance level of the organic electroluminescent display de-
vice 100 is decreased, the luminance level is decreased
by adjusting the voltage levels of the gray-scale voltages
V0 to V255 from a current luminance gray-scale voltage
level V2550rg to a target luminance gray-scale voltage
level V255tgt. Therefore, during a predetermined time
(interval A), the voltage levels of the gray-scale voltages
V0 to V255 are decreased step-by-step over a predeter-
mined number of dimming steps. For example, the inter-
val A may be a time interval of 400~600 ms.

[0054] According to the exemplary embodiments, the
voltage levels of the gray-scale voltages VO to V255 in
the respective dimming steps are determined with refer-
ence to a pre-stored reference voltage table. The voltage
levels of the gray-scale voltages VO to V255 in the dim-
ming steps correspond to gamma circuit control signals
GCONi included in the pre-stored reference voltage table.
Therefore, according to an exemplary embodiment, while
the dimming is being performed, the gray-scale voltages
V0 to V255 decrease through voltage levels correspond-
ing to the gamma circuit control signals GCON included
in the pre-stored reference voltage table.

[0055] FIG. 4 illustrates an exemplary embodiment of
controlling dimming with a voltage level of a 255t gray-
scale voltage V255. Dimming control of the other gray-
scale voltages VO to V254 is similar to the dimming con-
trol of the 255t gray-scale voltage V255 illustrated in
FIG. 4.

[0056] The pre-stored reference voltage table can
store gamma circuit control signals GCON correspond-
ing to respective luminance levels. A gamma circuit can
generate the gray-scale voltages VO to V255 from a pre-
determined number of reference voltages, and each
gamma circuit control signal GCON may be a control
signalinput to selectors for generating reference voltages
in a gamma correction circuit. Each gamma circuit control
signal GCON may be a set of control signals correspond-
ing to a plurality of reference voltages. For example, the
pre-stored reference voltage table may include a set of
gamma circuit control signals GCON for controlling volt-
age levels of all gray-scale voltages VO to V255. In the
present exemplary embodiment, the description will be
made based on the reference voltage table including a
set of gamma circuit control signals GCON input to se-
lectors for generating reference voltages.

[0057] FIG. 5is a diagram of controlling voltage levels
of individual reference voltages in the dimming operation
according to an exemplary embodiment.

[0058] According to an exemplary embodiment of the
dimming operation, a voltage level of each reference volt-
ageis controlled through a predetermined number of dim-
ming steps. FIG. 5 shows an exemplary embodiment in
which a total of 8 reference voltages VO, V5, V15, V31,
V63, V127, V191, and V255 exist (of which 4 are shown
in the Figure) and gamma circuit control signals GCON
(CRO to CR7, CGO0 to CG7, and CBO to CB7 in the ex-
ample of FIG. 6) corresponding to 8 luminance levels
exist for controlling a voltage level of each of the refer-
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ence voltages. As shown in FIG. 5, according to an ex-
emplary embodiment of the present invention, in the dim-
ming operation, the gamma circuit control signals GCON
(CRO to CR7, CGO to CG7, and CBO to CB7 in FIG. 6)
are changed through a predetermined number of dim-
ming steps from current luminance gamma circuit control
signals GCON (CRO0_or to CR7_org in the example of
FIG. 5) corresponding to reference voltages of a current
luminance level to target luminance gamma circuit con-
trol signals GCON (CRO_tgt to CR7_tgt in the example
of FIG. 5) corresponding to reference voltages of a target
luminance level. Gamma circuit control signals GCON of
intermediate luminance levels are generated by search-
ing the reference voltage table for reference voltage lev-
els corresponding to the intermediate luminance levels
forthe gamma circuit control signals GCON. For the gam-
ma circuit control signals GCON, the intermediate lumi-
nance levels are between the current luminance and the
target luminance level. In FIG. 5, the numbers in square
brackets represent the range of bit positions used in each
gamma circuit control signal. For example, the signal
CR1_org[6:0] includes 7 bits, and the signal
CRO_org[2:0] includes 3 bits.

[0059] The gamma circuit control signals GCON are
individually stored and controlled for R, G, and B. That
is, gamma circuit control signals GCON (CRO to CR7 in
FIG. 6) for R, gamma circuit control signals GCON (CGO
to CG7inFIG. 6) for G, and gamma circuit control signals
GCON (CB0to CB7in FIG. 6) for B are individually stored
in the reference voltage table and independently gener-
ated in the dimming operation.

[0060] In the dimming operation, if reference voltage
levels of intermediate luminance levels are determined
using interpolation for reference voltages between a cur-
rent luminance level and a target luminance level, image
quality of an image displayed on the organic electrolumi-
nescent display device 100 may be deteriorated due to
a change of color temperature in the intermediate lumi-
nance levels. According to exemplary embodiments of
the dimming operation, the deterioration of image quality
of a display image due to a change of color temperature
in intermediate luminance levels can be prevented by
determining reference voltage levels of the intermediate
luminance levels using a pre-defined reference voltage
table.

[0061] In particular, according to exemplary embodi-
ments, reference voltage levels are defined and stored
in advance for each of a plurality of luminance levels.
Reference voltage levels for R, G, and B are defined and
stored in advance for each of a plurality of luminance
levels. According to exemplary embodiments, a change
of colortemperature of animage displayed on the organic
electroluminescent display device 100 during a dimming
control over the entire gray-scale range can be prevent-
ed. During a dimming operation, pre-defining all refer-
ence voltage levels for a plurality of luminance levels and
performing dimming through the pre-defined reference
voltage levels will prevent a change of color temperature.
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According to exemplary embodiments, a change of color
temperature of a display image due to an inappropriate
combination of gray-scale voltages of R, G, and B during
a dimming control can be prevented by pre-defining ref-
erence voltage levels for R, G, and B for each of a plurality
of luminance levels.

[0062] FIG. 6 illustrates a reference voltage table ac-
cording to an exemplary embodiment.

[0063] Thereference voltage table caninclude gamma
circuit control signals for each of a plurality of luminance
levels. FIG. 6 shows an example of respective gamma
circuit control signals corresponding to Ot to 8t lumi-
nance levels Level 0 to Level 8. The reference voltage
table can include gamma circuit control signals for each
reference voltage. As illustrated in FIG. 6, the reference
voltage table includes gamma circuit control signals
GCON (CRO0[8] to CR7[8]) for the 8th [luminance level and
gamma circuit control signals GCON (CRO[7] to CR7[7])
for the 7t luminance level. The reference voltage table
can include gamma circuit control signals GCON for R,
G, and B. For example, as illustrated in FIG. 6, the ref-
erence voltage table can include a gamma circuit control
signal GCON (CR7[8]) for R, a gamma circuit control sig-
nal GCON (CG7I[8]) for G, and a gamma circuit control
signal GCON (CB7[8]) for B to determine a 255t gray-
scale voltage corresponding to a the lowest reference
voltage of the 8t luminance level.

[0064] FIG. 7 is a block diagram illustrating a gray-
scale voltage generator 150a according to an exemplary
embodiment of the present invention.

[0065] Thegray-scale voltage generator 150aincludes
a reference voltage table storage unit 702, a gamma cir-
cuit control signal generator 704a, a gamma circuit con-
trol signal output unit 706, and a gamma correction circuit
708.

[0066] The reference voltage table storage unit 702
stores areference voltage table containing gamma circuit
control signals according to luminance levels. The refer-
ence voltage table can be stored in the form illustrated
in FIG. 6.

[0067] The gamma circuit control signal generator
704a generates a gamma circuit control signal GCON to
be provided to the gamma correction circuit 708. Accord-
ing to exemplary embodiments, a luminance level of the
organic electroluminescent display device 100 can be
adjusted by adjusting magnitudes of gray-scale voltages
V0 to V255 output from the gamma correction circuit 708.
The gamma circuit control signal generator 704a adjusts
a luminance level of the organic electroluminescent dis-
play device 100 by receiving target luminance informa-
tion TRG indicating the luminance level of the organic
electroluminescent display device 100 and determining
the gamma circuit control signal GCON to be provided
to the gamma correction circuit 708. The gamma circuit
control signal GCON can be independently determined
for R, G, and B.

[0068] Accordingtoanexemplary embodiment, if atar-
get luminance level indicated by the target luminance
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information TRG is changed, the gamma circuit control
signal generator 704a generates a gamma circuit control
signal GCON in each dimming step in order to change a
luminance level of the organic electroluminescent display
device 100. The gamma circuit control signal generator
704a searches the reference voltage table storage unit
702 foragamma circuit control signal GCON correspond-
ing to the target luminance level and gamma circuit con-
trol signals GCON corresponding to intermediate lumi-
nance levels. The intermediate luminance levels are be-
tween a current luminance level and the targetluminance
level. The number of intermediate luminance levels can
be determined according to the number of dimming
steps. The gamma circuit control signal generator 704a
determines gamma circuit control signals GCON in re-
spective dimming steps using the gamma circuit control
signals GCON found from the reference voltage table
storage unit 702.

[0069] The gamma circuit control signal output unit706
outputs the gamma circuit control signal GCON gener-
ated by the gamma circuit control signal generator 704a
to the gamma correction circuit 708. The gamma circuit
control signal output unit 706 can output the gamma cir-
cuit control signal GCON in each clock period of agamma
circuit clock signal GCK by being synchronized with the
gamma circuit clock signal GCK. The gamma circuit con-
trol signal output unit 706 can output the gamma circuit
control signal GCON in order to adjust a luminance level
in steps. When a luminance level is changed, step-by-
step, the gamma circuit control signal generator 704a
outputs the gamma circuit control signals GCON corre-
sponding to the intermediate luminance levels and the
target luminance level. The gamma circuit control signal
generator 704a outputs the gamma circuit control signals
GCON to the gamma circuit control signal output unit 706
in sequence, i.e. every clock period of the gamma circuit
clock signal GCK. The gamma circuit control signal out-
put unit 706 outputs the gamma circuit control signal
GCON received from the gamma circuit control signal
generator 704a to the gamma correction circuit 708 in
synchronization with the gamma circuit clock signal GCK.
The gamma circuit control signal output unit 706 may be
a flip-flop or latch that operates in synchronization with
the gamma circuit clock signal GCK.

[0070] The gamma correction circuit 708 generates
gray-scale voltages VO to V255 according to the gamma
circuit control signals GCON. The gamma circuit control
signals GCON are output from the gamma circuit control
signal output unit 706. The gamma correction circuit 708
outputs the gray-scale voltages VO to V255 to the data
driver 120.

[0071] FIG. 8is ablock diagramiillustrating the gamma
correction circuit 708 according to an exemplary embod-
iment.

[0072] ReferringtoFIG.8,the gamma correction circuit
708 includes a logic unit 810 and a gamma unit 820. The
logic unit 810 receives a gamma circuit control signal
GCON output from the gamma circuit control signal out-
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put unit 706. The logic unit 810 outputs the gamma circuit
control signal GCON to the gamma unit 820. The gamma
unit 820 generates gray-scale voltages VO to V255 ac-
cording to the gamma circuit control signal GCON. The
gamma circuit control signal GCON is output from the
logic unit 810. The gamma unit 820 outputs the gray-
scale voltages VO to V255. According to an exemplary
embodiment, voltage levels of reference voltages gen-
erated by the gamma unit 820 depend on the gamma
circuit control signal GCON. The gamma unit 820 can
include first to eighth selectors MUX1 to MUX8 to adjust
the voltage levels of the reference voltages.

[0073] Thelogic unit810includes an amplitude adjust-
ment register 812 and a curve adjustment register 814.
The gamma circuit control signal GCON is composed of,
for example, a 50-bit signal, wherein the 12 Most Signif-
icant Bits (MSBs) are input to the amplitude adjustment
register 812 and the remaining 38 Least Significant Bits
(LSBs) are input to the curve adjustment register 814.
Therefore, the remaining 38 Least Significant Bits (LSBs)
are being selected as register setup values.

[0074] Theamplitude adjustmentregister 812 receives
12 MSBs of the gamma circuit control signal GCON and
outputs 3 bits of the 12 MSBs of the gamma circuit control
signal GCON to the first selector MUX1. The amplitude
adjustment register 812 outputs the remaining 9 bits of
the 12 MSBs of the gamma circuit control signal GCON
to the second selector MUX2. The number of selectable
gray-scales can increase by increasing the number of
setup bits.

[0075] The curve adjustment register 814 receives the
38 LSBs of the gamma circuit control signal GCON and
outputs the 38 LSBs of the gamma circuit control signal
GCON to the third to eighth selectors MUX3 to MUX8 by
dividing the 38 LSBs.

[0076] The logic unit 810 may further include an RGB
selector 816. According to an exemplary embodiment of
the present invention, when R, G, and B pixels are time-
division driven, a single gamma unit 820 can be used for
R, G,andB. The logic unit810 can independently receive
gamma circuit control signals GCON for R, G, and B and
output the gamma circuit control signals GCON for R, G,
and B to the gamma unit 820 in sequence according to
driving timings of R, G, and B. In order to output the gam-
ma circuit control signals GCON to the gamma unit 820
according to the driving timings of R, G, and B, the RGB
selector 816 outputs the gamma circuit control signals
GCONforR, G, and B to the gamma unit 820 in sequence
according to an RGB selection signal RGBSLT.

[0077] The gamma unit 820 includes first to seventh
ladder resistors 822, 824, 826, 828, 830, 832, and 834,
the first to eighth selectors MUX1 to MUX8, and a gray-
scale voltage output unit 836.

[0078] The first ladder resistor 822 has a structure in
which the highest level voltage VHI supplied from the
outside is defined as a reference voltage and a plurality
of variable resistors are connected in series between a
lowest level voltage VLO and the reference voltage. The
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first ladder resistor 822 generates highest gray-scale
voltage candidates and lowest gray-scale voltage candi-
dates by voltage-dividing the highest level voltage VHI
and the lowest level voltage VLO. The highest gray-scale
voltage candidates are output to the first selector MUX1,
and the lowest gray-scale voltage candidates are output
to the second selector MUX2. When a value of the first
ladder resistor 822 is low, while adjustment accuracy in-
creases, an amplitude adjustment range is narrow. How-
ever, when the value of the first ladder resistor 822 is
high, while the adjustment accuracy decreases, the am-
plitude adjustment range is wide.

[0079] The first selector MUX1 receives the highest
gray-scale voltage candidates from the first ladder resis-
tor 822, selects one highest gray-scale voltage candidate
corresponding to a value GTO of the 3 bits of the gamma
circuit control signal GCON, and outputs the selected
highest gray-scale voltage candidate as the highest gray-
scale voltage V0. The value GTO of the 3 bits of the gam-
ma circuit control signal GCON is set by the amplitude
adjustment register 812.

[0080] The second selector MUX2 receives the lowest
gray-scale voltage candidates from the first ladder resis-
tor 822, selects one lowest gray-scale voltage candidate
corresponding to a value GT7 of the 9 bits of the gamma
circuit control signal GCON, and outputs the selected
lowest gray-scale voltage candidate as the lowest gray-
scale voltage V255. The value GT7 of the 9 bits of the
gamma circuit control signal GCON is set by the ampli-
tude adjustment register 812.

[0081] The second ladder resistor 824 divides a volt-
age between the gray-scale voltage VO output from the
first selector MUX1 and a gray-scale voltage V15 output
from the fourth selector MUX4, and outputs the divided
voltages to the third selector MUX3. The third selector
MUX3 selects one voltage candidate corresponding to a
value GT1 of 7 bits of the gamma circuit control signal
GCON from among the voltage candidates output from
the second ladder resistor 824, and outputs the selected
voltage candidate as a fifth gray-scale voltage V5.
[0082] The third ladder resistor 826 divides a voltage
between the gray-scale voltage VO output from the first
selector MUX1 and a gray-scale voltage V31 output from
the fifth selector MUXS5, and outputs the divided voltages
to the fourth selector MUX4. The fourth selector MUX4
selects one voltage candidate corresponding to a value
GT2 of 7 bits of the gamma circuit control signal GCON
from among the voltage candidates output from the third
ladderresistor 826, and outputs the selected voltage can-
didate as a fifteenth gray-scale voltage V15.

[0083] The fourth ladder resistor 828 divides a voltage
between the gray-scale voltage VO output from the first
selector MUX1 and a gray-scale voltage V83 output from
the sixth selector MUX6, and outputs the divided voltages
to the fifth selector MUXS5. The fifth selector MUX5 selects
one voltage candidate corresponding to a value GT3 of
6 bits of the gamma circuit control signal GCON from
among the voltage candidates output from the fourth lad-
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der resistor 828, and outputs the selected voltage can-
didate as a 31st gray-scale voltage V31.

[0084] The fifth ladder resistor 830 divides a voltage
between the gray-scale voltage VO output from the first
selector MUX1 and a gray-scale voltage V127 output
from the seventh selector MUX7, and outputs the divided
voltages to the sixth selector MUX6. The sixth selector
MUX®6 selects one voltage candidate corresponding to a
value GT4 of 6 bits of the gamma circuit control signal
GCON from among the voltage candidates output from
the fifth ladder resistor 830, and outputs the selected volt-
age candidate as an 83rd gray-scale voltage V83.
[0085] The sixth ladder resistor 832 divides a voltage
between the gray-scale voltage VO output from the first
selector MUX1 and a gray-scale voltage V191 output
from the eighth selector MUX8, and outputs the divided
voltages to the seventh selector MUX7. The seventh se-
lector MUX7 selects one voltage candidate correspond-
ing to a value GT5 of 6 bits of the gamma circuit control
signal GCON from among the voltage candidates output
from the sixth ladder resistor 832, and outputs the se-
lected voltage candidate as a 127th gray-scale voltage
V127.

[0086] The seventh ladder resistor 834 divides a volt-
age between the gray-scale voltage VO output from the
first selector MUX1 and the lowest gray-scale voltage
V255 output fromthe second selector MUX2, and outputs
the divided voltages to the eighth selector MUX8. The
eighth selector MUX8 selects one voltage candidate cor-
responding to a value GT6 of 6 bits of the gamma circuit
control signal GCON from among the voltage candidates
output from the seventh ladder resistor 834, and outputs
the selected voltage candidate as a 191st gray-scale volt-
age V191.

[0087] The gray-scale voltage output unit 836 gener-
ates the 0th to 255t gray-scale voltages V0 to V255 from
the third to eighth selectors MUX3 to MUX8, and outputs
the Oth to 255t gray-scale voltages VO to V255 to the
data driver 120. The gray-scale voltage output unit 836
can generate the Oth to 255th gray-scale voltages VO to
V255 by dividing the reference voltages VO, V5, V15,
V31, V83, V127, V191, and V255 input thereto with re-
sistor components connected in series.

[0088] FIG. 9 is a flowchart illustrating a method for
generating a gray-scale voltage according to an exem-
plary embodiment.

[0089] Referring to FIG. 9, if a target luminance level
is not changed in operation S902, the gamma circuit con-
trol signal generator 704a in operation S904 outputs a
currently output gamma circuit control signal GCON to
the gamma correction circuit 708 via the gamma circuit
control signal output unit 706.

[0090] If the target luminance level is changed in op-
eration S902, the gamma circuit control signal generator
704a searches a reference voltage table for a gamma
circuit control signal GCON of the target luminance level
and gamma circuit control signals GCON of intermediate
luminance levels between a current luminance level and
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the target luminance level in operation S906. Thereafter,
the gamma circuit control signal generator 704a deter-
mines gamma circuit control signals GCON of the inter-
mediate luminance levels and the target luminance level
using the gamma circuit control signals GCON found
from the reference voltage table in operation S908. In
operation 910, there is a sequentially output of the gam-
ma circuit control signals GCON to the gamma correction
circuit 708 in every dimming step. The gamma circuit
control signals GCON are being synchronized with the
gamma circuit clock signal GCK. The gamma correction
circuit 708 updates the gray-scale voltages VO to V255
in steps according to the received gamma circuit control
signals GCON.

[0091] FIG. 10 is a block diagram illustrating a gray-
scale voltage generator 150b according to another ex-
emplary embodiment.

[0092] Referring to FIG. 10, the gray-scale voltage
generator 150b includes the reference voltage table stor-
age unit 702, a gamma circuit control signal generator
704b, the gamma circuit control signal output unit 706,
the gamma correction circuit 708, and an interpolator
1002.

[0093] According to another exemplary embodiment,
the gamma circuit control signal generator 704b deter-
mines intermediate luminance levels in order to perform
dimming through a predetermined number of dimming
steps. Gamma circuit control signals GCON correspond-
ing to the intermediate luminance levels and a target lu-
minance level are searched in the reference voltage table
storage unit 702, and if the number of luminance levels
is not enough to perform the dimming through the pre-
determined number of dimming steps, the gamma circuit
control signal generator 704b controls the interpolator
1002 to calculate additional intermediate luminance lev-
els.

[0094] FIG. 12 is a diagram of determining additional
intermediate luminance levels according to an exemplary
embodiment of the present invention.

[0095] FIG. 12illustrates adimming operationina case
where a current luminance level is Level 7 and a target
luminance level is Level 2. The interpolator 1002 deter-
mines additional intermediate luminance levels by inter-
polating between intermediate luminance levels and a
target luminance level searched in the reference voltage
table storage unit 702. The interpreter 1002 determines
gamma circuit control signals GCON corresponding to
the additional intermediate luminance levels. Referring
to FIG. 12, when dimming is performed through 8 steps,
7 intermediate luminance levels are necessary. Accord-
ing to the example shown in FIG. 12, 4 luminance levels,
i.e., Level 6, Level 5, Level 4, and Level 3, between the
current luminance level and the target luminance level,
are searched from a reference voltage table. Thus, the
interpolator 1002 determines additional intermediate lu-
minance levels between the luminance levels searched
from the reference voltage table using interpolation. For
example, as shown in FIG. 12, the interpolator 1002 de-



17 EP 2 442 295 B1 18

termines an additional intermediate luminance level Lev-
el 6-5 by interpolating between Level 7 and Level 6, an
additional intermediate luminance level Level 5-5 by in-
terpolating between Level 6 and Level 5, and an addi-
tional intermediate luminance level Level 4-5 by interpo-
lating between Level 5 and Level 4.

[0096] The interpolator 1002 can generate gamma cir-
cuit control signals GCON corresponding to the addition-
al intermediate luminance levels. For example, the gam-
ma circuit control signals GCON corresponding to the
additional intermediate luminance levels can be deter-
mined using a lookup table.

[0097] According to another exemplary embodiment,
if the target luminance level is not stored in the reference
voltage table, the gamma circuit control signal generator
704b controls the interpolator 1002. The gamma circuit
control signal generator 704b controls the interpolator
1002 to generate a gamma circuit control signal GCON
corresponding to the target luminance level using lumi-
nance levels corresponding to gamma circuit control sig-
nals GCON found from the reference voltage table. The
gamma circuit control signals GCON themselves can be
interpolated. In addition, parameters associated with the
gamma circuit control signals GCON, e.g., reference volt-
age levels, can be interpolated.

[0098] According to another exemplary embodiment,
the organic electroluminescent display device 100 or an
electronic device using the organic electroluminescent
display device 100 can be controlled to select a target
luminance level from luminance levels only included in a
reference voltage table. For example, according to ex-
emplary embodiments, if a luminance level of the organic
electroluminescent display device 100 is adjusted ac-
cording to a user’s selection, thereby performing a lumi-
nance level control by adjusting voltage levels of gray-
scale voltages V0 to V255, the user can only select a
luminance level from luminance levels included in a ref-
erence voltage table. This prevents color temperature
from being changed in the target luminance level of the
organic electroluminescent display device 100.

[0099] The interpolator 1002 can independently per-
form interpolation for R, G, and B. The interpolator 1002
can determine additional intermediate luminance levels
and additional gamma circuit control signals GCON for
R by searching the reference voltage table for gamma
circuit control signals GCON for R, additional intermedi-
ate luminance levels and additional gamma circuit control
signals GCON for G by searching the reference voltage
table for gamma circuit control signals GCON for G, and
additional intermediate luminance levels and additional
gamma circuit control signals GCON for B by searching
the reference voltage table for gamma circuit control sig-
nals GCON for B.

[0100] The gamma circuit control signal generator
704b sequentially outputs the gamma circuit control sig-
nals GCON via the gamma control circuit control signal
outputunit 706. The gamma circuit control signals GCON
are found from the reference voltage table storage unit
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702 and the gamma circuit control signals GCON gen-
erated by the interpolator 1002 via the gamma circuit
control signal output unit 706. The gamma circuit control
signal output unit 706 outputs the gamma circuit control
signals GCON generated by the gamma circuit control
signal generator 704b in synchronization with the gamma
circuit clock signal GCK. The gamma correction circuit
708 generates and outputs gray-scale voltages VO to
V255 according to the gamma circuit control signals
GCON.

[0101] FIG. 11 is a flowchart illustrating a method for
generating a gray-scale voltage, according to another
exemplary embodiment.

[0102] Referringto FIG. 11, if a target luminance level
is changed in operation S1102, the gamma circuit control
signal generator 704b searches the reference voltage
table of the reference voltage table storage unit 702 for
gamma circuit control signals GCON corresponding to
the target luminance level and intermediate luminance
levels in operation S1104.

[0103] In operation S1106, if the number of intermedi-
ate luminance levels searched fromthe reference voltage
table is less than a value, i.e. the number of predeter-
mined dimming steps minus 1 in FIG. 11, additional in-
termediate luminance levels are determined by interpo-
lating between the intermediate luminance levels, and
gamma circuit control signals GCON. The gamma circuit
control signals GCON correspond to the additional inter-
mediate luminance levels generated in operations
S1108.

[0104] If the target luminance level does not exist in
the reference voltage table in operation S1110, agamma
circuit control signal GCON of the target luminance level
is determined by interpolating two luminance levels ad-
jacent to the target luminance level in operation S1112.
[0105] In operation S1114, gamma circuit control sig-
nals GCON of respective dimming steps are determined.
If all of the target luminance level and the intermediate
luminance levels are searched from the reference volt-
age table, gamma circuit control signals GCON found
from the reference voltage table are used. If at least one
of the target luminance level and the intermediate lumi-
nance levels is determined by interpolation, gamma cir-
cuit control signals GCON found from the reference volt-
age table and gamma circuit control signals GCON gen-
erated by the interpolator 1002 are used.

[0106] In operation S1116, the gamma circuit control
signal generator 704b outputs the gamma circuit control
signals GCON to the gamma correction circuit 708 via
the gamma circuit control signal output unit 706 in every
dimming step.

[0107] By way of summation and review, according to
the exemplary embodiments described above, an organ-
ic electroluminescent display device can provide natural
dimming. In addition, when the organic electrolumines-
cent display device performs dimming by adjusting gray-
scale voltages, the dimming can be performed without a
change of color temperature.
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[0108] Exemplary embodiments have been disclosed
herein, and although specific terms are employed, they
are used and are to be interpreted in a generic and de-
scriptive sense only and not for purpose of limitation. Ac-
cordingly, it will be understood by those of ordinary skill
in the art that various changes in form and details may
be made without departing from the scope of the present
invention as set forth in the following claims.

Claims

1. A method for generating a gray-scale voltage in a
display device, the method comprising:

receiving a target luminance level different from
acurrentluminance level, both luminance levels
corresponding to the same gray-scale value;
searching in a reference voltage table contain-
ing gamma circuit control signals for a plurality
of luminance levels for a gamma circuit control
signal corresponding to the target luminance
level and a gamma circuit control signal corre-
sponding to at least one intermediate luminance
level between the current luminance level and
the target luminance level (S906, S1104); and
adjusting a luminance level by adjusting gray-
scale voltages of the display device through a
plurality of steps from the current luminance lev-
el to the target luminance level, such that the
plurality of steps correspond at least to the
number of intermediate luminance levels plus
one (S910, S1116),

wherein the gamma circuit control signals are
control signals for determining voltage levels of
a plurality of reference voltages used for gener-
ating the gray-scale voltages in a gamma cor-
rection circuit,

wherein the gamma circuit control signals found
from the reference voltage table are used to de-
termine the reference voltages of the at least
one intermediate luminance level and the target
luminance level.

2. The method as claimed in claim 1, wherein the ref-
erence voltage table includes gamma circuit control
signals for color components corresponding to re-
spective sub-pixels on the plurality of luminance lev-
els.

3. The method as claimed in claim 1 or 2, wherein the
reference voltage table includes gamma circuit con-
trol signals adjusted not to change color temperature
of an image displayed on the display device in the
plurality of luminance levels.

4. The method as claimed in any one of the preceding
claims, wherein the number of the plurality of steps
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is predetermined, the method further comprising:

determining whether the number ofintermediate
luminance levels searched from the reference
voltage table is not enough to adjust the gray-
scale voltages of the display device through the
predetermined number of plurality of steps
(S1106);

determining, if the number of intermediate lumi-
nance levels is not enough, at least one addi-
tional intermediate luminance level by interpo-
lating among the current luminance level, the
intermediate luminance levels, and the target lu-
minance level searched from the reference volt-
age table (S1108); and

generating a gamma circuit control signal cor-
responding to the at least one additional inter-
mediate luminance level (S1114), wherein
adjusting the luminance level includes adjusting
the luminance level through a plurality of steps
using the gamma circuit control signals found
from the reference voltage table and the gamma
circuit control signal corresponding to the at
least one additional intermediate luminance lev-
el (S1116).

5. The method as claimed in any one of the preceding

claims, further comprising:

determining whether the target luminance level
exists in the reference voltage table (S1110);
and

generating, if the target luminance level does
not existin the reference voltage table, the gam-
ma circuit control signal corresponding to the
target luminance level by interpolating the gam-
ma circuit control signals for the luminance lev-
elsincluded in the reference voltage table or pa-
rameters related to the gamma circuit control
signals (S1112).

The method as claimed in any one of the preceding
claims, wherein the target luminance level is deter-
mined according to a user’s input for adjusting a lu-
minance level wherein the user’s input for adjusting
a luminance level may be limited to selecting the
luminance level from only the luminance levels in-
cluded in the reference voltage table.

The method as claimed in any one of the preceding
claims, wherein the display device is an organic elec-
troluminescent display device.

An apparatus for generating a gray-scale voltage in
a display device, the apparatus comprising:

a gamma correction circuit (708) configured to
generate and output a plurality of gray-scale
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voltages;

a reference voltage table storage (702) config-
ured to store a reference voltage table contain-
ing gamma circuit control signals for controlling
the gamma correction circuit for a plurality of lu-
minance levels; and

a gamma circuit control signal generator (704a)
configured to receive a current luminance level
and a target luminance level, and if the current
luminance level is different from the target lumi-
nance level, to search the reference voltage ta-
ble for a gamma circuit control signal corre-
sponding to the target luminance level and a
gamma circuit control signal corresponding to
at least one intermediate luminance level be-
tween the current luminance level and the target
luminance level, and to control to adjust a lumi-
nance level of the display device by adjusting
the plurality of gray-scale voltages through a plu-
rality of steps from the current luminance level
to the target luminance level, such that the plu-
rality of steps correspond to at least to the
number of intermediate luminance levels plus
one,

wherein the target luminance level and the cur-
rent luminance level correspond to the same
gray-scale value,

wherein the gamma circuit control signals are
control signals for determining voltage levels of
a plurality of reference voltages used for gener-
ating the gray-scale voltages in a gamma cor-
rection circuit,

wherein the gamma circuit control signals found
from the reference voltage table are used to de-
termine the reference voltages of the at least
one intermediate luminance level and the target
luminance level.

The apparatus as claimed in claim 8 or 9, wherein
the reference voltage table includes gamma circuit
control signals for color components corresponding
to respective sub-pixels on the plurality of luminance
levels.

The apparatus as claimed in claims 8 or 9, wherein
the reference voltage table includes gamma circuit
control signals adjusted not to change color temper-
ature of an image displayed on the display device in
the plurality of luminance levels.

The apparatus as claimed in any one of claims 8 to
10, wherein the number of the plurality of steps is
predetermined, the apparatus further comprises an
interpolator (1002) for at least one of:

determining, if the number of intermediate lumi-
nance levels searched from the reference volt-
age table is not enough to adjust the gray-scale
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voltages of the display device through the pre-
determined number of plurality of steps, at least
one additional intermediate luminance level by
interpolating among the currentluminance level,
the intermediate luminance levels, and the tar-
getluminance level searched from the reference
voltage table and generating a gamma circuit
control signal corresponding to the at least one
additional intermediate luminance level, where-
in the gamma circuit control signal generator ad-
justs the luminance level through a plurality of
steps using the gamma circuit control signals
found from the reference voltage table and the
gamma circuit control signal corresponding to
the at least one additional intermediate lumi-
nance level, and

generating, if the target luminance level does
not existin the reference voltage table, the gam-
ma circuit control signal corresponding to the
target luminance level by interpolating the gam-
ma circuit control signals for the luminance lev-
elsincluded in the reference voltage table or pa-
rameters related to the gamma circuit control
signals.

12. The apparatus as claimed in any one of claims 8 to

11, wherein the target luminance level is determined
according to a user’s input for adjusting a luminance
level and wherein the user’s input for adjusting a lu-
minance level may be limited to selecting the lumi-
nance level from only the luminance levels included
in the reference voltage table.

13. An organic electroluminescent display device, com-

prising:

a plurality of pixels P11 to Pnm disposed on
crossing points between data lines D1 to Dm
and scanning lines S1 to Sn;

a gate driver (130) for outputting scanning sig-
nals to the plurality of pixels through the scan-
ning lines, respectively;

a data driver (120) for generating data voltages
corresponding to an input image input to the or-
ganic electroluminescent display device from a
plurality of gray-scale voltages and outputting
the data voltages to the plurality of pixels through
the data lines, respectively; and

a gray-scale voltage generator according to any
one of claims 8 to 12 for generating the plurality
of gray-scale voltages and outputting the plural-
ity of gray-scale voltages to the data driver.

Patentanspriiche

Verfahren zum Erzeugen einer Graustufenspan-
nung in einer Anzeigevorrichtung, wobei das Verfah-
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ren umfasst:

Empfangen eines Sollluminanzpegels, der von
einem Istluminanzpegel verschieden ist, wobei
beide Luminanzpegel demselben Graustufen-
wert entsprechen;

Suchen in einer Referenzspannungstabelle, die
Gammaschaltungssteuersignale fiir mehrere
Luminanzpegel enthélt, nach einem Gamma-
schaltungssteuersignal, das dem Sollluminanz-
pegel entspricht, und einem Gammaschal-
tungssteuersignal, das dem mindestens einen
Zwischenluminanzpegel zwischen dem Istlumi-
nanzpegel und dem Sollluminanzpegel ent-
spricht (S906, S1104); und

Einstellen eines Luminanzpegels durch Einstel-
len von Graustufenspannungen der Anzeige-
vorrichtung durch mehrere Schritte von dem Ist-
luminanzpegel zu dem Sollluminanzpegel, der-
art, dass die mehreren Schritte mindestens der
Anzahl von Zwischenluminanzpegeln plus Eins
entsprechen (S910, S1116),

wobei die Gammaschaltungssteuersignale
Steuersignale zum Bestimmen von Spannungs-
werten von mehreren Referenzspannungen
sind, die zum Erzeugen der Graustufenspan-
nungen in einer Gammakorrekturschaltung ver-
wendet werden,

wobei die aus der Referenzspannungstabelle
gefundenen Gammaschaltungssteuersignale
verwendet werden, um die Referenzspannun-
gen des mindestens einen Zwischenluminanz-
pegels und des Sollluminanzpegels zu bestim-
men.

Verfahren nach Anspruch 1, wobei die Referenz-
spannungstabelle Gammaschaltungssteuersignale
fir Farbkomponenten umfasst, die entsprechenden
Subpixeln auf den mehreren Luminanzpegeln ent-
sprechen.

Verfahren nach Anspruch 1 oder 2, wobei die Refe-
renzspannungstabelle Gammaschaltungssteuersi-
gnale umfasst, die eingestellt sind, in den mehreren
Luminanzpegeln nicht die Farbtemperatur eines auf
der Anzeigevorrichtung angezeigten Bildes zu an-
dern.

Verfahren nach einem beliebigen der vorhergehen-
den Anspriiche, wobei die Anzahl der mehreren
Schritte vorgegeben ist, wobei das Verfahren ferner
umfasst:

Bestimmen, ob die Anzahl von aus der Refe-
renzspannungstabelle gesuchten Zwischenlu-
minanzpegeln nicht ausreichend ist, um die
Graustufenspannungen der Anzeigevorrich-
tung durch die vorgegebene Anzahl von meh-
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reren Schritten einzustellen (S1106);
Bestimmen, wenn die Anzahl von Zwischenlu-
minanzpegeln nicht ausreichend ist, mindes-
tens eines zusatzlichen Zwischenluminanzpe-
gels durch Interpolieren zwischen dem Istlumi-
nanzpegel, den Zwischenluminanzpegeln und
dem Sollluminanzpegel, die aus der Referenz-
spannungstabelle gesucht werden (S1108);
und

Erzeugen eines Gammaschaltungssteuersig-
nals, das dem mindestens einen zusatzlichen
Zwischenluminanzpegel entspricht (S1114),
wobei

Einstellen des Luminanzpegels Einstellen des
Luminanzpegels durch mehrere Schritte durch
Verwendung der Gammaschaltungssteuersig-
nale, die aus der Referenzspannungstabelle ge-
funden wurden, und des Gammaschaltungs-
steuersignals, das dem mindestens einen zu-
satzlichen Zwischenluminanzpegel entspricht,
umfasst (S1116).

5. Verfahren nach einem beliebigen der vorhergehen-

den Anspriiche, ferner umfassend:

Bestimmen, ob der Sollluminanzpegelin der Re-
ferenzspannungstabelle vorliegt (S1110); und,
wenn der Sollluminanzpegel nicht in der Refe-
renzspannungstabelle vorliegt, Erzeugen des
Gammaschaltungssteuersignals, das dem Soll-
luminanzpegel entspricht, durch Interpolieren
der Gammaschaltungssteuersignale fir die Lu-
minanzpegel, die in der Referenzspannungsta-
belle enthalten sind, oder von Parametern, die
mit den Gammaschaltungssteuersignalen in
Zusammenhang stehen (S1112).

Verfahren nach einem beliebigen der vorhergehen-
den Anspriiche, wobei der Sollluminanzpegel ge-
mal der Eingabe eines Benutzers zum Einstellen
eines Luminanzpegels bestimmt wird, wobei die Ein-
gabe des Benutzers zum Einstellen eines Luminanz-
pegels auf das Auswahlen des Luminanzpegels aus
nur den Luminanzpegeln, die in der Referenzspan-
nungstabelle enthalten sind, begrenzt ist.

Verfahren nach einem beliebigen der vorhergehen-
den Anspriche, wobei die Anzeigevorrichtung eine
organische elektrolumineszente Anzeigevorrich-
tung ist.

Vorrichtung zum Erzeugen einer Graustufenspan-
nung in einer Anzeigevorrichtung, wobeidie Vorrich-
tung umfasst:

eine Gammakorrekturschaltung (708), die dazu
ausgebildet ist, mehrere Graustufenspannun-
gen zu erzeugen und auszugeben;
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einen Referenzspannungstabellenspeicher
(702), der dazu ausgebildet ist, eine Referenz-
spannungstabelle zu speichern, die Gamma-
schaltungssteuersignale zum Steuern der Gam-
makorrekturschaltung fir mehrere Luminanz-
pegel enthalt; und

einen Gammaschaltungssteuersignalgenerator
(704a), der dazu ausgebildet ist, einen Istlumi-
nanzpegel und einen Sollluminanzpegel zu
empfangen und, wenn der Istluminanzpegel von
dem Sollluminanzpegel verschieden ist, die Re-
ferenzspannungstabelle nach einem Gamma-
schaltungssteuersignal, das dem Sollluminanz-
pegel entspricht, und einem Gammaschal-
tungssteuersignal, das mindestens einem Zwi-
schenluminanzpegel zwischen dem Istlumi-
nanzpegel und dem Sollluminanzpegel ent-
spricht, abzusuchen und zu steuern, um einen
Luminanzpegel der Anzeigevorrichtung durch
Einstellen der mehreren Graustufenspannun-
gen durch mehrere Schritte von dem Istlumi-
nanzpegel zu dem Sollluminanzpegel einzustel-
len, derart, dass die mehreren Schritte mindes-
tens der Anzahl von Zwischenluminanzpegeln
plus Eins entsprechen,

wobei der Sollluminanzpegel und der Istlumi-
nanzpegel demselben Graustufenwert entspre-
chen,

wobei die Gammaschaltungssteuersignale
Steuersignale zum Bestimmen von Spannungs-
pegeln von mehreren Referenzspannungen
sind, die zum Erzeugen der Graustufenspan-
nungen in einer Gammakorrekturschaltung ver-
wendet werden,

wobei die aus der Referenzspannungstabelle
gefundenen Gammaschaltungssteuersignale
verwendet werden, um die Referenzspannun-
gen des mindestens einen Zwischenluminanz-
pegels und des Sollluminanzpegels zu bestim-
men.

Vorrichtung nach Anspruch 8 oder 9, wobei die Re-
ferenzspannungstabelle Gammaschaltungssteuer-
signale fir Farbkomponenten umfasst, die entspre-
chenden Subpixeln auf den mehreren Luminanzpe-
geln entsprechen.

Vorrichtung nach Anspruch 8 oder 9, wobei die Re-
ferenzspannungstabelle Gammaschaltungssteuer-
signale umfasst, die eingestellt sind, in den mehre-
ren Luminanzpegeln nicht die Farbtemperatur eines
aufder Anzeigevorrichtung angezeigten Bilds zu an-
dern.

Vorrichtung nach einem beliebigen der Anspriiche
8 bis 10, wobei die Anzahl der mehreren Schritte
vorgegeben ist, wobei die Vorrichtung ferner einen
Interpolator (1002) fir mindestens eines aus Folgen-
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den umfasst:

Bestimmen, wenn die Anzahl von aus der Re-
ferenzspannungstabelle gesuchten Zwischen-
luminanzpegeln nicht ausreichend ist, um die
Graustufenspannungen der Anzeigevorrich-
tung durch die vorgegebene Anzahl von meh-
reren Schritten einzustellen, mindestens eines
zusatzlichen Luminanzpegels durch Interpolie-
ren zwischen dem Istluminanzpegel, den Zwi-
schenluminanzpegeln und dem Sollluminanz-
pegel, die aus der Referenztabelle gesucht wer-
den, und Erzeugen eines Gammaschaltungs-
steuersignals, das dem mindestens einen zu-
satzlichen Zwischenluminanzpegel entspricht,
wobei der Gammaschaltungssteuersignalgene-
rator den Luminanzpegel durch mehrere Schrit-
te durch Verwendung der Gammaschaltungs-
steuersignale, die aus der Referenzspannung-
stabelle gefunden wurden, und des Gamma-
schaltungssteuersignals, das dem mindestens
einen zusatzlichen Zwischenluminanzpegel
entspricht, einstellt, und

Erzeugen, wenn der Sollluminanzpegel nicht in
der Referenzspannungstabelle vorliegt, des
Gammaschaltungssteuersignals, das dem Soll-
luminanzpegel entspricht, durch Interpolieren
der Gammaschaltungssteuersignale fir die Lu-
minanzpegel, die in der Referenzspannungsta-
belle enthalten sind, oder von Parametern, die
mit den Gammaschaltungssteuersignalen in
Zusammenhang stehen.

Vorrichtung nach einem beliebigen der Anspriiche
8 bis 11, wobei der Sollluminanzpegel gemaR der
Eingabe eines Benutzers zum Einstellen eines Lu-
minanzpegels bestimmt wird und wobei die Eingabe
des Benutzers zum Einstellen eines Luminanzpe-
gels auf das Auswahlen des Luminanzpegels aus
nur den Luminanzpegeln, die in der Referenzspan-
nungstabelle enthalten sind, begrenzt ist.

Organische elektrolumineszente Anzeigevorrich-
tung, umfassend:

mehrere Pixel P11 bis Pnm, die an Kreuzungs-
punkten zwischen Datenleitungen D1 bis Dm
und Abtastleitungen S1 bis Sn angeordnet sind;
einen Gate-Treiber (130) zum Ausgeben von
Abtastsignalen zu den mehreren Pixeln jeweils
durch die Abtastleitungen;

einen Daten-Treiber (120) zum Erzeugen von
Datenspannungen, die einem zu der organi-
schen elektrolumineszenten Anzeigevorrich-
tung eingegebenen Eingabebild entsprechen,
aus mehreren Graustufenspannungen bzw.
zum Ausgeben der Datenspannungen zu den
mehreren Pixeln durch die Datenleitungen; und
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einen Graustufenspannungsgenerator nach ei-
nem beliebigen der Anspriiche 8 bis 12 zum Er-
zeugen der mehreren Graustufenspannungen
und Ausgeben der mehreren Graustufenspan-
nungen zu dem Daten-Treiber.

Revendications

Procédé pour générer une tension d’échelle de gris
dans un dispositif d’affichage, le procédé compre-
nant le fait :

de recevoir un niveau de luminance cible diffé-
rent d’'un niveau de luminance actuel, les deux
niveaux de luminance correspondanta laméme
valeur d’échelle de gris ;

de chercher, dans une table de tension de réfé-
rence contenant des signaux de commande de
circuit gamma, une pluralité de niveaux de lumi-
nance pour un signal de commande de circuit
gamma correspondant au niveau de luminance
cible et un signal de commande de circuit gam-
ma correspondant a au moins un niveau de lu-
minance intermédiaire entre le niveau de lumi-
nance actuel et le niveau de luminance cible
(S906, S1104) ; et

derégler un niveau de luminance en réglantdes
tensions d’échelle de gris du dispositif d’afficha-
ge par une pluralité d’étapes depuis le niveau
de luminance actuel jusqu’au niveau de lumi-
nance cible, de sorte que la pluralité d’étapes
corresponde au moins au nombre de niveaux
de luminance intermédiaires plus un (S910,
S1116),

dans lequel les signaux de commande de circuit
gamma sont des signaux de commande desti-
nés a déterminer les niveaux de tension d’'une
pluralité de tensions de référence utilisées pour
générer les tensions d’échelle de gris dans un
circuit de correction gamma,

dans lequel les signaux de commande de circuit
gamma trouvés dans la table de tension de ré-
férence sont utilisés pour déterminer les ten-
sions de référence de I'au moins un niveau de
luminance intermédiaire et du niveau de lumi-
nance cible.

Procédé tel que revendiqué dans la revendication 1,
dans lequel la table de tension de référence com-
porte des signaux de commande de circuit gamma
pour des composantes de couleur correspondant a
des sous-pixels respectifs sur la pluralité de niveaux
de luminance.

Procédé tel que revendiqué dans la revendication 1
ou 2, dans lequel la table de tension de référence
comporte des signaux de commande de circuit gam-
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ma réglés pour ne pas modifier une température de
couleur d’une image affichée sur le dispositif d’affi-
chage dans la pluralité de niveaux de luminance.

Procédé tel que revendiqué dans l'une quelconque
des revendications précédentes, dans lequel le
nombre de la pluralité d’étapes est prédéterminé, le
procédé comprenant en outre le fait :

de déterminer si le nombre de niveaux de lumi-
nance intermédiaires cherchés dans la table de
tension de référence n’est pas suffisant pour ré-
gler les tensions d’échelle de gris du dispositif
d’affichage par le nombre prédéterminé de la
pluralité d’étapes (S1106) ;

de déterminer, sile nombre de niveaux de lumi-
nance intermédiaires n'est pas suffisant, au
moins un niveau de luminance intermédiaire
supplémentaire en interpolant entre le niveau
de luminance actuel, les niveaux de luminance
intermédiaires et le niveau de luminance cible
cherchés dans la table de tension de référence
(S1108) ; et

de générer un signal de commande de circuit
gamma correspondant a 'au moins un niveau
de luminance intermédiaire supplémentaire
(S1114), dans lequel

le réglage du niveau de luminance comporte le
réglage du niveau de luminance par une pluralité
d’étapes en utilisant les signaux de commande
de circuit gamma trouvés dans la table de ten-
sion de référence et le signal de commande de
circuit gamma correspondant a I'au moins un
niveau de luminance intermédiaire supplémen-
taire (S1116).

5. Procédé tel que revendiqué dans I'une quelconque

des revendications précédentes, comprenant en
outre le fait :

de déterminer si le niveau de luminance cible
existe dans la table de tension de référence
(S1110) ; et

de générer, si le niveau de luminance cible
n’existe pas dans la table de tension de référen-
ce, le signal de commande de circuit gamma
correspondant au niveau de luminance cible en
interpolant les signaux de commande de circuit
gamma pour les niveaux de luminance inclus
dans la table de tension de référence ou des
paramétres relatifs aux signaux de commande
de circuit gamma (S1112).

Procédé tel que revendiqué dans l'une quelconque
des revendications précédentes, dans lequel le ni-
veau de luminance cible est déterminé selon une
entrée utilisateur destinée a régler un niveau de lu-
minance ou I'entrée utilisateur destinée a régler un
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niveau de luminance peut se limiter a choisir le ni-
veau de luminance uniquement a partir des niveaux
de luminance inclus dans la table de tension de ré-
férence.

Procédé tel que revendiqué dans I'une quelconque
des revendications précédentes, dans lequel le dis-
positif d’affichage est un dispositif d’affichage élec-
troluminescent organique.

Appareil pour générer une tension d’échelle de gris
dans un dispositif d’affichage, [Il'appareil
comprenant :

un circuit de correction gamma (708) configuré
pour générer et délivrer en sortie une pluralité
de tensions d’échelle de gris ;

une mémoire de table de tension de référence
(702) configurée pour stocker une table de ten-
sion de référence contenant des signaux de
commande de circuit gamma pour commander
le circuit de correction gamma pour une pluralité
de niveaux de luminance ; et

un générateur de signaux de commande de cir-
cuit gamma (704a) configuré pour recevoir un
niveau de luminance actuel et un niveau de lu-
minance cible, et si le niveau de luminance ac-
tuel est différent du niveau de luminance cible,
pour chercher, dans la table de tension de réfé-
rence, un signal de commande de circuitgamma
correspondant au niveau de luminance cible et
un signal de commande de circuit gamma cor-
respondant a au moins un niveau de luminance
intermédiaire entre le niveau de luminance ac-
tuel etle niveau de luminance cible, et pour com-
mander le réglage d’un niveau de luminance du
dispositif d’affichage en réglant la pluralité de
tensions d’échelle de gris par une pluralité d’éta-
pes depuis le niveau de luminance actuel jus-
qu’au niveau de luminance cible, de sorte que
la pluralité d’étapes corresponde au moins au
nombre de niveaux de luminance intermédiaires
plus un,

dans lequel le niveau de luminance cible et le
niveau de luminance actuel correspondent a la
méme valeur d’échelle de gris,

dans lequel les signaux de commande de circuit
gamma sont des signaux de commande desti-
nés a déterminer des niveaux de tension d’'une
pluralité de tensions de référence utilisées pour
générer les tensions d’échelle de gris dans un
circuit de correction gamma,

dans lequel les signaux de commande de circuit
gamma trouvés dans la table de tension de ré-
férence sont utilisés pour déterminer les ten-
sions de référence de I'au moins un niveau de
luminance intermédiaire et du niveau de lumi-
nance cible.
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Appareil tel que revendiqué dans la revendication 8
ou 9, dans lequel la table de tension de référence
comporte des signaux de commande de circuit gam-
ma pour des composantes de couleur correspon-
dant a des sous-pixels respectifs sur la pluralité de
niveaux de luminance.

10. Appareil tel que revendiqué dans la revendication 8

1.

ou 9, dans lequel la table de tension de référence
comporte des signaux de commande de circuit gam-
ma réglés pour ne pas modifier la température de
couleur d’une image affichée sur le dispositif d’affi-
chage dans la pluralité de niveaux de luminance.

Appareil tel que revendiqué dans I'une quelconque
des revendications 8 a 10, dans lequel le nombre de
la pluralit¢ d’étapes est prédéterminé, I'appareil
comprend en outre un interpolateur (1002) pour :

déterminer, sile nombre de niveaux de luminan-
ce intermédiaires cherchés dans la table de ten-
sion de référence n’est pas suffisant pour régler
les tensions d’échelle de gris du dispositif d’af-
fichage par le nombre prédéterminé de la plu-
ralité d’étapes, au moins un niveau de luminan-
ce intermédiaire supplémentaire en interpolant
entre le niveau de luminance actuel, les niveaux
de luminance intermédiaires, et le niveau de lu-
minance cible cherchés dans la table de tension
de référence et générer un signal de commande
de circuit gamma correspondant a I'au moins un
niveau de luminance intermédiaire supplémen-
taire, ou le générateur de signaux de commande
de circuit gamma regle le niveau de luminance
par une pluralité d’étapes en utilisant les signaux
de commande de circuit gamma trouvés dans
la table de tension de référence et le signal de
commande de circuit gamma correspondant a
I’'au moins un niveau de luminance intermédiaire
supplémentaire, et/ou

générer, sile niveau de luminance cible n’existe
pas dans la table de tension de référence, le
signal de commande de circuit gamma corres-
pondant au niveau de luminance cible en inter-
polantles signaux de commande de circuit gam-
ma pour les niveaux de luminance inclus dans
la table de tension de référence ou des paramé-
tres relatifs aux signaux de commande de circuit
gamma.

12. Appareil tel que revendiqué dans I'une quelconque

des revendications 8 a 11, dans lequel le niveau de
luminance cible est déterminé selon une entrée uti-
lisateur destinée a régler un niveau de luminance et
ou I'entrée utilisateur destinée a régler un niveau de
luminance peut se limiter a choisir le niveau de lu-
minance uniquement a partir des niveaux de lumi-
nance inclus dans la table de tension de référence.
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13. Dispositif d’affichage électroluminescent organique,
comprenant :

une pluralité de pixels P14 & P, disposés a des
points de croisement entre des lignes de don- 5
nées D, 4D, etdeslignes de balayage S, aS,,;

un pilote de grille (130) pour délivrer en sortie

des signaux de balayage a la pluralité de pixels

a travers les lignes de balayage,
respectivement ; 10
un pilote de données (120) pour générer des
tensions de données correspondant a une ima-

ge d’entréeintroduite dans le dispositif d’afficha-

ge électroluminescent organique a partir d’'une
pluralité de tensions d’échelle de gris et pour 15
délivrer en sortie les tensions de données a la
pluralité de pixels a travers les lignes de balaya-

ge, respectivement ; et

un générateur de tension d’échelle de gris selon
'une quelconque desrevendications8a 12 pour 20
générer la pluralité de tensions d’échelle de gris

et délivrer en sortie la pluralité de tensions
d’échelle de gris au pilote de données.
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