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Description

BACKGROUND OF THE INVENTION

1. Technical Field

[0001] The presentinvention relates to a driving meth-
od and a driving apparatus of a liquid crystal display.

2. Discussion of Related Art

[0002] A liquid crystal display (LCD) includes two pan-
els provided with field generating electrodes, such as pix-
el electrodes and a common electrode, and a liquid crys-
tal layer that has a dielectric anisotropy interposed ther-
ebetween. LCDs further include switching devices such
as thin film transistors (TFTs) connected to the pixel elec-
trodes and a plurality of signal lines such as gate lines
and data lines to control the switching devices to apply
voltages to the pixel electrodes. A common voltage is
applied to the common electrode, which may be formed
over the entire surface of one of two panels. The pixel
electrodes, the common electrode, and the liquid crystal
layer interposed therebetween together form liquid crys-
tal capacitors.

[0003] Aliquid crystal capacitor together with a switch-
ing element connected thereto forms a unit cell or "pixel".
An LCD includes a plurality of pixels arranged in a matrix.
[0004] An LCD generates an electric field in the liquid
crystal layer by applying voltages to the field generating
electrodes. The strength of the electric field is controlled
to control transmittance of light that passes through the
liquid crystal layer, thus obtaining desired images. To
prevent degradation of the liquid crystal that can result
when the electric field is applied for a long time in one
direction to the liquid crystal layer, polarity of the data
voltages with respect to the common voltage may be in-
verted by frames, by rows, or by pixels.

[0005] LCDs have been used as display devices for
advertisement in outdoor environments.

[0006] Lightthatisreflected by an LCD screen increas-
es as the illuminance (i.e., ambient light level) of the LCD
increases, which may reduce the contrast ratio of an out-
door LCD and thereby image quality may be degraded.
[0007] The pupils of the human eye constrict as the
illuminance increases, and a constricted pupiladmits less
light. Generally, when seeing a bright image, the human
eye can only detectlarger gray changes. Thus, on a bright
day, a display function of the outdoor LCD may be re-
duced.

[0008] EP 1624 678 A1 discloses a driving apparatus
of a liquid crystal display according to the preamble of
claim 1 and describes a corresponding signal processing
method for performing nonlinear compensation on anim-
age signal to be fed into a display device. The charac-
teristics of nonlinear compensation are changed accord-
ing to the brightness of a place in which the display device
is installed.
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[0009] US 2005/123193 A1 describes a method for
rendering images on display devices with improved qual-
ity. To allow adjusting luminance values of pixels depend-
ing on image information contents of the image are an-
alysed at least partially, a tone rendering curve based on
said analysed image content is determined and lumi-
nance values of pixels within said image are adjusted
according to said determined tone rendering curve.

SUMMARY OF THE INVENTION

[0010] According to the present invention, a driving
method of a liquid crystal display is provided, which in-
cludes

Sensing illuminance of ambient light, determining a first
contrast ratio as a ratio of the maximum luminance and
the minimum luminance of the liquid crystal display by
using a relationship between the illuminance of ambient
light and a contrast ratio of the liquid crystal display, de-
termining a relative ratio of a second contrast ratio pre-
determined in a dark room and the first contrast ratio,
determining a gradient of a compensation gamma curve
by using a linear relationship between the relative ratio
and a gradient of the first relative gamma curve prede-
termined in the dark room, wherein the value of the gam-
ma s "1", determining an average gray level of input data
signals; and determining the compensation gamma
curve by using a linear relationship between a luminance
value with respect to the average gray level and the gra-
dient of the compensation gamma curve.

[0011] The first contrast ratio may be substantially
equal to 14514*IL-0.8493, where IL is the sensed illumi-
nance. The relative ratio (K) may be defined as K =
CRd/CRDb, where CRd is the second contrast ratio and
CRb is the first contrast ratio.

[0012] The gradient (Gc) of the compensation gamma
curve may be defined as Gc = K*Gd, where Gd is a gra-
dient of a first relative gamma curve. The first relative
gamma curve may be measured in a space substantially
lacking light and may have a gamma value of about 1.
The relative ratio may be larger than 1.

[0013] The gradient (Gc) of the compensation gamma
curve may be defined as Gc = K*Gd, where Gd is a gra-
dient of a first relative gamma curve.

[0014] The second contrast ratio and the gradient of
the first relative gamma curve may be predetermined.
[0015] The first relative gamma curve may be meas-
ured in a space substantially lacking light and may have
a gamma value of about 1. The relative ratio may be
larger than 1.

[0016] The compensation gamma curve may intersect
a second relative gamma curve before a gamma com-
pensation withrespect to theliquid crystal display occurs,
and the luminance value with respect to the average gray
level may be obtained by using the relative gamma curve.
[0017] The second relative gamma curve may be
measured in a bright room.

[0018] The liquid crystal display may include a plurality
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of pixels, a gray voltage generator, which is connected
to the signal controller, to generate a plurality of gray
voltages, and a data driver to select a gray voltage cor-
responding to the input data signals from the gray volt-
ages to transmit the selected gray voltage to the pixels.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The present invention will become readily ap-
parent to those of ordinary skill in the art when descrip-
tions of exemplary embodiments thereof are read with
reference to the accompanying drawings.

[0020] FIG. 1 is a block diagram illustrating an LCD
according to an exemplary embodiment of the present
invention.

[0021] FIG. 2is an equivalent circuit diagram of a pixel
of the LCD shown in FIG. 1 according to an exemplary
embodiment of the present invention.

[0022] The input data signals may include luminance
information with respect to gray levels.

[0023] The compensation gamma curve may intersect
a second relative gamma curve before a gamma com-
pensation with respect to the liquid crystal display occurs,
and a luminance value with respect to the average gray
level may be obtained by using the second relative gam-
ma curve.

[0024] The second relative gamma curve may be
measured in a bright room.

[0025] Further accoding to the present invention, a
driving apparatus of a liquid crystal display is provided,
which includes:

A photo sensor adapted to sense illuminance of ambient
light; and a signal controller connected to the photo sen-
sor and adapted to determine a compensation gamma
curve. The signal controller is adapted to determine the
compensation gamma curve based on the sensed illu-
minance, the signal controlle is adapted to determine a
first contrast ratio as a ratio of the maximum luminance
and the minimum luminance of the liquid crystal display
by using a relationship between the illuminance of am-
bient light and a contrast ratio of the liquid crystal display,
adapted to determine a relative ratio of a second contrast
ratio predetermined in a dark room and the first contrast
ratio, adapted to determine a gradient of the compensa-
tion gamma curve by using a linear relationship between
the relative ratio and a gradient of the first relative gamma
curve predetermined in the dark room, wherein the value
of the gamma is "1", and adapted to determine an aver-
age gray level of input data signals, and adapted to de-
termine the compensation gamma curve by using a linear
relationship between a luminance value with respect to
the average gray level and the gradient of the compen-
sation gamma curve.

[0026] The first contrast ratio is substantially equal to
the value of 14514*1L-0.8493, where IL is the sensed
illuminance. The relative ratio (K) may be defined as K =
CRd/CRb, where CRd is the second contrast ratio and
CRb is the first contrast ratio.
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[0027] The gradient (Gc) of the compensation gamma
curve may be defined as Gc = K*Gd, where Gd is a gra-
dient of a first relative gamma curve.

[0028] The first relative gamma curve may be meas-
ured in a space substantially lacking light and may have
a gamma value of about 1. The relative ratio may be
larger than 1.

[0029] The compensation gamma curve may intersect
a second relative gamma curve before a gamma com-
pensation with respect to theliquid crystal display occurs,
and the luminance value with respect to the average gray
level may be obtained by using the relative gamma curve.
[0030] The second relative gamma curve may be
measured in a bright room.

[0031] The liquid crystal display may include a plurality
of pixels, a gray voltage generator, which is connected
to the signal controller, to generate a plurality of gray
voltages, and a data driver to select a gray voltage cor-
responding to the input data signals from the gray volt-
ages to transmit the selected gray voltage to the pixels.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] The present invention will become readily ap-
parent to those of ordinary skill in the art when descrip-
tions of exemplary embodiments thereof are read with
reference to the accompanying drawings.

FIG. 1is a block diagram illustrating an LCD accord-
ing to an exemplary embodiment of the present in-
vention.

FIG. 2 is an equivalent circuit diagram of a pixel of
the LCD shown in FIG. 1 according to an exemplary
embodiment of the present invention.

FIG. 3 shows a relationship between the illuminance
and a contrast ratio of an LCD according to an ex-
emplary embodiment of the present invention.

FIG. 4 and FIG. 5 are graphs illustrating examples
of relative gamma curves showing a relationship be-
tween gray-scale levels and the luminance ofan LCD
according to exemplary embodiments of the present
invention.

FIG, 6 is a graph showing a comparison result of the
relative gamma curve in FIG. 5 and a compensation
gamma curve according to an exemplary embodi-
ment of the present invention.

FIG. 7 is a flowchart illustrating a driving method of
an LCD according to an exemplary embodiment of
the present invention.

DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0033] Hereinafter, exemplary embodiments of the
present invention will be described in detail with refer-
ence to the accompanying drawings In the drawings, the
thickness of layers, films, panels and regions may be
exaggerated for clarity. Like reference numerals may re-
fer to the same or similar elements throughout the de-
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scription of the figures. It will be understood that when
an element such as a layer, film, region, substrate, or
panel is referred to as being "on" another element, it can
be directly on the other element or intervening elements
may also be present.

[0034] First, an LCD according to an exemplary em-
bodiment of the present invention will be described in
detail below with reference to FIGS. 1 and 2.

[0035] FIG. 1 is a block diagram illustrating an LCD
according to an exemplary embodiment of the present
invention. FIG. 2 is an equivalent circuit diagram of a
pixel of the LCD shown in FIG. 1 according to an exem-
plary embodiment of the present invention.

[0036] Referring to FIG. 1, an LCD includes a liquid
crystal (LC) panel assembly 300, a gate driver 400, a
data driver 500, a gray voltage generator 800 coupled
with the data driver 500, a photo sensor 700, and a signal
controller 600. The gate driver 400 and the data driver
500 are coupled with the LC panel assembly 300, and
the signal controller 600 controls the above-mentioned
components,

[0037] TheLC panel assembly 300 includes a plurality
of signal lines G1-Gn and D1-Dm and a plurality of pixels
PX connected to the signal lines G1-Gn and D1-Dm and
arranged substantially in a matrix. As shown in FIG. 2,
the LC panel assembly 300 includes a lower panel 100
and an upper panel 200 positioned in a plane substan-
tially parallel to the plane of the lower panel 100, and an
LC layer 3 interposed therebetween.

[0038] The signal lines include a plurality of gate lines
G1-Gnfor transmitting gate signals (also referred to here-
in as "scanning signals") and a plurality of data lines D1-
Dm for transmitting data voltages. The gate lines G1-Gn
extend in a first direction, for example, a row direction
and substantially parallel to each other, and the datalines
D1-Dm extend in a second direction, for example, a col-
umn direction and substantially parallel to each other.
The first direction and the second direction are substan-
tially perpendicular to each other.

[0039] In exemplary embodiment of the presentinven-
tion, each pixel PX, for example, a pixel PX connected
to the i-th gate line Gi (i=1, 2, ..., n) and the j-th data line
Dj (j=1, 2, ..., m), includes a switching element Q con-
nected to the signal lines Gi and Dj, an LC capacitor Clc
connected to the switching element Q, and an optional
storage capacitor Cst connected to the switching element
Q. The optional storage capacitor Cst may be omitted.
[0040] As shown in FIG. 2, the switching element Q is
a three-terminal element, and is disposed on the lower
panel 100. A control terminal of the switching element Q
is connected to the gate line Gi, an input terminal thereof
is connected to the data line Dj, and an output terminal
thereof is connected to the LC capacitor Clc and the op-
tional storage capacitor Cst,

[0041] TheLC capacitor Clc uses a pixel electrode 191
disposed on the lower panel 100 and a common electrode
270 disposed on the upper panel 200 as its two terminals.
The LC layer 3 interposed between the two electrodes
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191 and 270 functions as a dielectric material of the LC
capacitor Clc. The pixel electrode 191 is connected to
the switching element Q. The common electrode 270 is
supplied with a common voltage Vcom and is formed on
the entire surface of the upper panel 200. Although not
shown as such in FIG. 2, the common electrode 270 may
be provided on the lower panel 100. At least one of the
electrodes 191 and 270 may be formed in a linear or bar
shape.

[0042] The storage capacitor Cst may serve as an aux-
iliary capacitor for the LC capacitor Clc. In the storage
capacitor Cst, the pixel electrode 191 and a separate
signal line provided on the lower panel 100 may be over-
lapped with an insulator therebetween. A predetermined
voltage, such as the common voltage Vcom, is applied
to the separate signal line.

[0043] Inthe storage capacitor Cst, the pixel electrode
191 and an adjacent gate line (also called a previous
gate line) may be overlapped with an insulator therebe-
tween.

[0044] For color display, each pixel PX may uniquely
display one of the primary colors (i.e., spatial division) or
each pixel PX may sequentially represent the primary
colors in turn (i.e., temporal division) so that a desired
colorisrecognized through a spatial and/ortemporal sum
of the primary colors. The primary colors may be, for ex-
ample, red, green, and blue. FIG. 2 shows an example
of spatial division, in which each pixel PX includes a color
filter 230 for displaying one of the primary colors in a
region of the upper panel 200 corresponding to the pixel
electrode 191. Although not shown as such in FIG. 2, the
color filter 230 may be provided above or below the pixel
electrode 191 of the lower panel 100,

[0045] One or more polarizers (not shown) for polariz-
ing light are attached to the LC panel assembly 300.
[0046] Referring back to FIG. 1, the gray voltage gen-
erator 800 generates gray voltages related to the trans-
mittance of the pixels PX. For example, the gray voltage
generator 800 may generate a first number of gray volt-
ages or a second number of gray voltages (also referred
to herein as "reference gray voltages"). Some of the (ref-
erence) gray voltages have a positive polarity relative to
the common voltage Vcom, while the other (reference)
gray voltages have a negative polarity relative to the com-
mon voltage Vcom.

[0047] The gate driver 400 is connected to the gate
lines G1-Gn of the LC panel assembly 300 and applies
the gate signals, which comprise a gate-on voltage Von
and a gate-off voltage Voff, to the gate lines G1-Gn.
[0048] The data driver 500 is connected to the data
lines D1-Dm of the LC panel assembly 300. The data
driver 500 selects a gray voltage for each data line D1-
Dm from the gray voltage generator 800 and applies the
selected gray voltages to the datalines D1-Dm. However,
when the gray voltage generator 800 generates only a
predetermined number of the reference gray voltages
instead of voltages corresponding to all gray scales, the
data driver 500 may divide the reference gray voltages
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to generate gray voltages corresponding to all the gray
scales and select the data voltages from the generated
gray voltages.

[0049] The photo sensor 700 converts illuminance
(i.e., ambientlight level) information to an electrical signal
to transmit it to the signal controller 600.

[0050] Thesignalcontroller 600 controls the gate driver
400, the data driver 500and/or other driving devices,
based on the signal from the photo sensor 700.

[0051] Each of driving devices 400, 500, 600 and 800
may be directly mounted on the LC panel assembly 300
in the form of at least one integrated circuit (IC) chip or
mounted on a flexible printed circuit (FPC) film such as
a tape carrier package (TCP), which may be attached to
the panel assembly 300. One or more of the driving de-
vices 400, 500, 600 and 800 may be integrated into the
LC panel assembly 300 along with the signal lines G1-
Gn and D1-Dm and the switching elements Q.

[0052] The driving devices 400, 500, 600 and 800 may
be integrated into a single IC chip. In this case, at least
one of the driving devices 400, 500, 600 and 800 or at
least one circuit element forming the driving devices 400,
500, 600, and 800 may be disposed outside of the single
IC chip.

[0053] Operations of an LCD according to an exem-
plary embodiment of the present invention will now be
described.

[0054] The signal controller 600 is supplied with input
image signals R, G, and B and input control signals for
controlling the display of the input image signals R, G,
and B from an external graphics controller (not shown).
The input image signals R, G, and B contain luminance
information for each pixel PX. The luminance has a pre-
determined number of gray-scale levels, such as for ex-
ample, 1024 (-210), 256 (=28), or 64 (=26). Examples of
input control signals may include a vertical synchroniza-
tion signal Vsync, a horizontal synchronization signal
Hsync, a main clock signal MCLK, a data enable signal
DE, and the like.

[0055] On the basis of the input control signals and the
inputimage signals R, G, and B, the signal controller 600
generates a gate control signal CONT1 and a data control
signal CONT2. The signal controller 600 processes the
image signals R, G, and B in such a way to be suitable
for the operating conditions of the LC panel assembly
300 and the data driver 500 based on the input image
signals R, G, and B and the input control signals. The
signal controller 600 outputs the gate control signal
CONT1 to the gate driver 400 and outputs the processed
image signals DAT and the data control signal CONT2
to the data driver 500,

[0056] The gate control signalsCONT1 may include a
scanning start signal (STV) for instructing to start scan-
ning, and at least one clock signal for controlling the out-
put period of the gate-on voltage Von. The gate control
signals CONT1 may further include an output enable sig-
nal (OE) for defining the duration of the gate-on voltage
Von.
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[0057] The data control signal CONT2 may include a
horizontal synchronization start signal (STH) for inform-
ing of start of data transmission for a row of pixels PX, a
load signal (LOAD) for instructing to apply the data volt-
ages to the data lines D1-Dm, and a data clock signal
(HCLK). The data control signal CONT2 may further in-
clude an inversion signal (RVS) for reversing the polarity
of the data voltages (relative to the common voltage
Vcom).

[0058] Responsive to the data control signal CONT2
from the signal controller 600, the data driver 500 re-
ceives a packet of the digital image signals DAT for the
row of pixels PX from the signal controller 600, converts
the digital image signals DAT into analog data voltages
selected from the gray voltages, and applies the analog
data voltages to the data lines D1-Dm.

[0059] The gate driver 400 applies the gate-on voltage
Von to the gate lines G1-Gn in response to the gate con-
trol signal CONT1 from the signal controller 600, thereby
turning on the switching transistors Q connected to the
gate lines G1-Gn. The data voltages applied to the data
lines D1-Dm are thus applied to the corresponding pixels
PX through the activated switching transistors Q.
[0060] A difference between a data voltage and the
common voltage Vcom applied to a pixel PX may be rep-
resented as a voltage across the LC capacitor Clc of the
pixel PX, i.e., a pixel voltage. The LC molecules of the
LC layer 3 have different orientations depending on the
magnitude of the pixel voltage, and the molecular orien-
tations determine the polarization of light that passes
through the LC layer 3. The polarizer(s) converts light
polarization to light transmittance such that the pixel PX
has a luminance represented by a gray of the data volt-
age.

[0061] By repeating the above procedure by a unit of
1 horizontal period (which is also referred to as "1H" and
is equal to one period of the horizontal synchronization
signal Hsync and the data enable signal DE), the gate-
on voltage Von is sequentially applied to all gate lines
G1-Gn and the data voltages are applied to all the pixels
PX to display an image for a frame.

[0062] When the next frame starts after one frame fin-
ishes, the inversion signal (RVS) applied to the data driv-
er 500 may be controlled such that the polarity of the data
voltages is reversed with respect to that applied in a pre-
vious frame (which is referred to as "frame inversion").
The inversion signal (RVS) may be controlled such that
the polarity of the data voltages applied to a data line are
periodically reversed during one frame (for example, row
inversion and dot inversion), or the polarity of the data
voltages in one packet arereversed (for example, column
inversion and dot inversion).

[0063] Hereinafter,amethodand anapparatus fordriv-
ing the LCD according to an exemplary embodiment of
the present invention will be described with reference to
FIGS. 3 through 7.

[0064] FIG. 3 shows a relationship between the illumi-
nance and a contrast ratio of an LCD according to an
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exemplary embodiment of the present invention. FIG. 4
and FIG. 5 are graphs illustrating examples of relative
gamma curves showing a relationship between gray-
scale levels and the luminance of an LCD according to
an exemplary embodiment of the present invention. FIG.
6 is a graph showing a comparison result of the relative
gamma curve in FIG. 5 and a compensation gamma
curve. FIG. 7 is a flowchart illustrating a driving method
of an LCD according to an exemplary embodiment of the
present invention.

[0065] In FIG. 3, a horizontal axis represents illumi-
nance, a unit of the horizontal axis is Lux, and a vertical
axis represents contrast ratio. The graph shown in FIG.
3 was obtained by measuring relationships between illu-
minance and contrast ratio with respect to a plurality of
LCDs A, B, C, and D.

[0066] Referring to FIG. 3, as the illuminance IL in-
creases, the contrastratio Y exponential-functionally de-
creases, as expressed by Equation 1.

[Equation 1]
Y = N*IL-E,

where N and E are constants. For example, a value sat-
isfying Equation 1 was obtained in the LCD A.

[Equation 2]
CRb = 14514*IL-0,8493,

where CRb is a contrast ratio measured in a bright room,
and IL represents illuminance (i.e., ambient light level).
[0067] As used herein, the term "light room" refers to
a space in which some light exists, and the term "dark
room" refers to a space in which light is substantially
blocked.

[0068] Meanwhile, whenthe bitnumber of a data signal
of the LCD is 8, the number of gray-scale levels is 256
(=28), and luminance that is represented by the LCD in
each of the gray-scale levels can be represented as a
graph. The graph is referred to as a gamma curve. For
example, in Equation 1, "illuminance (IL)" may be re-
placed by a gray level, and an equation for a gamma
curve is obtained. In this case, since an exponential por-
tion (E) is usually replaced by a gamma (y), the curve is
called a gamma curve. The gamma curve exponential-
functionally increases or decreases according to a value
of a gray level. In an LCD of a normally black mode, as
a value of the gray level increases, the luminance of the
gamma curve exponential-functionally increases.
[0069] For example, the value of the gamma (y) is
about 2.2 in some LCDs, and the value of the gamma (y)
is increased to about 2.4 in LCDs for televisions to in-
crease their luminance.

[0070] In an exemplary embodiment of the present in-
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vention, the value of gamma (y) is defined to be about
"1".In this case, the gamma curve has a linear shape.
Linear analysis of the gamma curve allows for simplifying
an algorithm as well as for providing convenience of anal-
ysis. Since the value of the gamma (y) is defined for con-
venience of analysis, the value of the gamma (y) may be
changed. A gamma curve for which the value of the gam-
ma (y) is "1" may be referred to as "a relative gamma
curve".

[0071] Since the relative gamma curve and a compen-
sation gamma curve are linear functions, as expressed
by Equation 3, when a gradient (Gc) and a point on the
compensation gamma curve are obtained, an equation
for the compensation gamma curve is obtained. Herein-
after, a method for calculating the gradient and a method
for calculating a point on the compensation gamma curve
will be described.

[Equation 3]
Yo =Ge'X + Y1,

where Yc is a compensation gamma curve, Gc is a gra-
dient of the compensation gamma curve, and Y1 repre-
sents a point intersecting the Y-axis.

[0072] FIGS. 4 and 5 show examples of relative gam-
ma curves Yd and Yb, respectively. A gradient of the
relative gamma curve Yd is denoted "Gd", and a gradient
of the relative gamma curve Yb is denoted "Gb". In com-
paring the two relative gamma curves Yd and Yb, the
maximum luminance Lmaxb measured in a bright room
is slightly larger than the maximum luminance Lmaxd
measured in a dark room, but the minimum luminance
Lminb measured in the bright room is much larger than
the minimum luminance Lmimd measured in the dark
room. This result is due to the reflection of ambient light.
[0073] The gradient of the relative gamma curve Yb
obtained in the bright room is smaller than that of the
relative gamma curve Yd obtained in the dark room. The
contrast ratio (CR) is a ratio of the maximum luminance
(Lmax) and the minimum luminance (Lmin), for example,
as expressed by Equation 4.

[Equation 4]
CR = Lmax/Lmin
[0074] When the respective contrast ratios in the dark

room and the bright room are obtained, a relative ratio
(K) may be defined as Equation 5.

[Equation 5]
K = CRd/CRb,
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where, CRd is the contrast ratio in the dark room, and
CRb is the contrast ratio in the bright room, and the rel-
ative ratio (K) is larger than "1".

[0075] Since the constants N and E in Equation 1 may
be calculated by varying the ambient illuminance of the
LCD A, for example, the contrast ratio CRb in the bright
room may be determined using Equation 2.

[0076] A gamma curve may be obtained by measuring
luminance with respect to each gray level in the dark
room, and the gradient Gd of the relative gamma curve
Yd in the dark room and the contrast ratio CRd in the
dark room may be defined as constants.

[0077] In addition, the relative gamma curve Yb in the
bright room may be experimentally calculated by meas-
uring the luminance with respect to each gray level, for
example, similar to the contrast ratio CRb in the bright
room as expressed by Equation 2.

[0078] By multiplying the gradient Gd of the measured
relative gamma curve Yd in the dark room by the relative
ratio K, a gradient Gc of the compensation gamma curve
is obtained, which can be written as Equation 6.

[Equation 6]
Ge = K*Gd

[0079] Thus, when the gradient Gc of the compensa-
tion gamma curve is larger than the gradient Gd of the
relative gamma curve Yd measured in the dark room, the
gradient Gc of the compensation gamma curve is much
larger than the gradient Gb of the relative gamma curve
Yb measured in the bright room.

[0080] After the gradient Gc of the compensation gam-
ma curve is obtained, when a point on the compensation
gamma curve is obtained, Equation 3 of the compensa-
tion curve Yc isobtained, as shown in FIG. 6. A point on
the compensation gamma curve may be obtained using
the average gray AG.

[0081] According to an exemplary embodiment of the
present invention, the average gray AG of the input data
signals R, G, and B is positioned on the relative gamma
curve Yb measured in the bright room before the com-
pensation, and the average gray AC and a luminance
value corresponding to the average gray AC become a
point (e.g., defined by an X-axis value and a Y-axis value)
on the compensation gamma curve.

[0082] As shown in FIG. 6, the compensation gamma
curve has the gradient Gc and is a line passing through
a point C1.

[0083] Referring to FIG. 6, the average gray AG is po-
sitioned at the middle of the two relative gamma curves
Yb and Yc, and the two curves Yb and Yc finally intersect
at the point C1. The gradient Gc of the compensation
gamma curve is larger than the gradient Gb of the relative
gamma curve Yb measured in the bright room.

[0084] In an exemplary embodiment of the present in-
vention, the compensation gamma curve Yc is substan-
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tially the same as the result obtained by rotating the rel-
ative gamma curve Yb measured in the bright room with
respect to the point C1, and a variation width of the lu-
minance increases, and the visibility may increase.
[0085] AsshowninFIG. 6, since the gradientbecomes
large, a high gray level and a low gray level represent
the maximum luminance Lmaxb and the minimum lumi-
nance Lminb in an LCD. The gray levels of less than the
average gray AG represent lower luminance and the gray
levels larger the average gray AG represent higher lumi-
nance. As aresult, since the contrast ratio increases, the
visibility improves,

[0086] Next, a driving method of an LCD according to
an exemplary embodiment of the present invention will
be described with reference to FIG. 7.

[0087] The photo sensor 700 senses illuminance IL of
ambient light (step S01) and converts the sensed illumi-
nance to an electrical signal to transmit to the signal con-
troller 600. For example, a voltage or currentis outputted
in proportion to or inversely proportionate to the sensed
illuminance IL.

[0088] The signal controller 600 determines a contrast
ratio CRb, for example, in accordance with Equation 2
(step S02), based on the signal from the photo sensor
700.

[0089] In addition, the signal controller 600 determines
a gradient Gc of a compensation gamma curve, for ex-
ample, based on Equation 4 and Equation 5 (step S03),
and the average gray AG (step S04), to obtain the com-
pensation gamma curve (step S05).

[0090] The signal controller 600 outputs a control sig-
nal based on the compensation gamma curve Yc to the
gray voltage generator 800, and the gray voltage gener-
ator 800 transmits a gray voltage based on the compen-
sation gamma curve Yc to the data driver 500 to embody
the gamma compensation suitable to the outdoor LCD
(step S06), Based on the concept of the gamma com-
pensation according toilluminance variation from the out-
side, the driving method of the signal controller 600 may
be called "adaptive gamma compensation".

[0091] Small-sized display devices such as for a mo-
bile phone may use low-reflective optical sheets that
have lower reflectivity outdoors thanindoors, and thereby
the visibility of the small-sized display devices increases.
In a driving method of a liquid crystal display according
to an exemplary embodiment of the present invention,
the visibility may be improved without the use of reflective
sheets, and the manufacturing cost may be reduced. It
will be appreciated that a driving method of aliquid crystal
display according to an exemplary embodiment of the
present invention may be used in conjunction with the
use of reflective sheets, and the visibility may be further
improved.

[0092] Although exemplary embodiments of the
present invention have been described detail with refer-
ence to the accompanying drawings for the purpose of
illustration, it is to be understood that the inventive proc-
esses and apparatus should not be construed as limited
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thereby. It will be apparent to those of ordinary skill in the
art that various modifications to the foregoing exemplary
embodiments can be made without departing from the
scope of the invention as defined by the appended
claims, with equivalents of the claims to be included
therein.

Claims

1. Adriving method of a liquid crystal display, compris-
ing:

sensing illuminance (IL) of ambient light;
determining a first contrast ratio (CRb) as a ratio
of the maximum luminance (Lmax) and the min-
imum luminance (Lmin) of the liquid crystal dis-
play by using a relationship between the illumi-
nance of ambient light (IL) and a contrast ratio
(Y) of the liquid crystal display;

determining a relative ratio (K) of a second con-
trast ratio (CRd) predetermined in a dark room
and the first contrast ratio (CRb);

determining a gradient (Gc) of a compensation
gamma curve (Yc) by using a linear relationship
between the relative ratio (K) and a gradient (Gd)
of the first relative gamma curve (Yd) predeter-
mined in the dark room, wherein the value of the
gamma (y) is "1";

determining an average gray level (AG) of input
data signals (R, G, B); and

determining the compensation gamma curve
(Yc) by using a linear relationship between a lu-
minance value with respect to the average gray
level (AG) and the gradient (Gc) of the compen-
sation gamma curve (Yc).

2. Thedriving method of claim 1, wherein the first con-
trast ratio (CRb) is substantially equal to the value
of 14514*|L-0-8493 where IL is the sensed illumi-
nance.

3. The driving method of claim 2, wherein the relative
ratio (K) is defined as K = CRd/CRb, where CRd is
the second contrast ratio and CRb is the first contrast
ratio.

4. The driving method of claim 3, wherein the gradient
(Gc) of the compensation gamma curve (Yc) is de-
fined as Gc = K*Gd, where Gd is a gradient of a first
relative gamma curve (Yd).

5. The driving method of claim 1, wherein the first rel-
ative gamma curve (Yd) is measured in a space sub-
stantially lacking light and has a gamma value of
about 1.

6. The driving method of claim 5, wherein the relative
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10.

1.

ratio (K) is larger than 1.

The driving method of claim 6, wherein the input data
signals (R, G, B) comprises luminance information
with respect to gray levels.

The driving method of claim 7, wherein the compen-
sationgamma curve (Yc) intersects asecond relative
gamma curve (Yb) before a gamma compensation
with respect to the liquid crystal display occurs, and
the luminance value with respect to the average gray
level (AG) is obtained by using the second relative
gamma curve (Yb).

The driving method of claim 8, wherein the second
relative gamma curve (Yb) is measured in a bright
room.

A driving apparatus of a liquid crystal display, com-
prising:

a photo sensor (700) adapted to sense illumi-
nance (IL) of ambient light; and

a signal controller (600) connected to the photo
sensor (700) and adapted to determine a com-
pensation gamma curve (Yc)

characterized in that

the signal controller (600) is adapted to deter-
mine the compensation gamma curve (Yc)
based on the sensed illuminance (IL),

the signal controller (600) is adapted to deter-
mine a first contrast ratio (CRb) as a ratio of the
maximum luminance (Lmax) and the minimum
luminance (Lmin) of the liquid crystal display by
using a relationship between the illuminance of
ambient light (IL) and a contrast ratio (Y) of the
liquid crystal display, adapted to determine arel-
ative ratio (K) of a second contrast ratio (CRd)
predetermined in a dark room and the first con-
trast ratio (CRb), adapted to determine a gradi-
ent (Gc) of the compensation gamma curve (Yc)
by using a linear relationship between the rela-
tive ratio (K) and a gradient (Gd) of the first rel-
ative gamma curve (Yd) predetermined in the
dark room, wherein the value of the gamma (y)
is"1", and adapted to determine an average gray
level (AG) of input data signals (R, G, B), and
adapted to determine the compensation gamma
curve (Yc) by using alinear relationship between
a luminance value with respect to the average
gray level (AG) and the gradient (Gc) of the com-
pensation gamma curve (Yc).

The driving apparatus of claim 10, wherein the first
contrast ratio (CRDb) is substantially equal to the val-
ue of 14514*|L-0-8493 where IL is the sensed illumi-
nance.
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The driving apparatus of claim 11, wherein the rela-
tive ratio (K) is defined as K = CRd/CRb, where CRd
is second contrast ratio and CRb is the first contrast
ratio.

The driving apparatus of claim 12, wherein the gra-
dient (Gc) of the compensation gamma curve (Yc¢)
is defined as Gc = K*Gd, where Gd is a gradient of
a first relative gamma curve (Yd).

The driving apparatus of claim 10, wherein the first
relative gamma curve (Yd) is measured in a space
substantially lacking light and has a gamma value of
about 1.

The driving apparatus of claim 14, wherein the rela-
tive ratio (K) is larger than 1.

The driving apparatus of claim 15, wherein the com-
pensation gamma curve (Yc) intersects a secondrel-
ative gamma curve (Yb) before a gamma compen-
sation with respect to the liquid crystal display oc-
curs, and the luminance value with respect to the
average gray level (AG) is obtained by using the sec-
ond relative gamma curve (Yb).

The driving apparatus of claim 16, wherein the sec-
ond relative gamma curve (Yb) is measured in a
bright room.

The driving apparatus of claim 17, wherein the liquid
crystal display comprises:

a plurality of pixels (PX);

a gray voltage generator (800), which is con-
nected to the signal controller (600), to generate
a plurality of gray voltages; and

a data driver (500) to select a gray voltage cor-
responding to the input data signals (R, G, B)
(R, G, B) from the gray voltages to transmit the
selected gray voltage to the pixels (PX).

Patentanspriiche

1.

Verfahren zum Ansteuern einer Flissigkristallanzei-
ge, umfassend:

Messen einer Beleuchtungsstarke (IL) von Um-
gebungslicht;

Bestimmen eines ersten Kontrastverhaltnisses
(CRb) als Verhaltnis der maximalen Beleuch-
tungsstarke (Lmax) und der minimalen Beleuch-
tungsstarke (Lmin) der Fllssigkristallanzeige
anhand einer Beziehung zwischen der Beleuch-
tungsstarke von Umgebungslicht (IL) und einem
Kontrastverhaltnis (Y) der Flussigkristallanzei-

ge;
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Bestimmen eines relativen Verhaltnisses (K) ei-
nesim Voraus in einem dunklen Raum bestimm-
ten zweiten Kontrastverhaltnisses (CRd) und
des ersten Kontrastverhaltnisses (CRb);
Bestimmen einer Steigung (Gc) einer Kompen-
sations-Gamma-Kurve (Yc) anhand einer line-
aren Beziehung zwischen dem relativen Ver-
haltnis (K) und einer Steigung (Gd) der ersten
im Voraus in dem dunklen Raum bestimmten
relativen Gamma-Kurve (Yd), wobei der Wert
des Gamma (y) "1" ist;

Bestimmen einer mittleren Graustufe (AG) von
Eingangsdatensignalen (R, G, B); und
Bestimmen der Kompensations-Gamma-Kurve
(Yc)anhand einer linearen Beziehung zwischen
einem Beleuchtungsstarkewert in Bezug auf die
mittlere Graustufe (AG) und der Steigung (Gc)
der Kompensations-Gamma-Kurve (Yc).

Ansteuerungsverfahren nach Anspruch 1, wobeidas
erste Kontrastverhaltnis (CRb) im Wesentlichen
gleich dem Wert von 14514*|L.-0,8493 jst, wobei IL die
gemessene Beleuchtungsstarke ist.

Ansteuerungsverfahren nach Anspruch 2, wobeidas
relative Verhaltnis (K) definiert ist als K = CRd/CRb,
wobei CRd das zweite Kontrastverhaltnis ist und
CRb das erste Kontrastverhaltnis ist.

Ansteuerungsverfahren nach Anspruch 3, wobei die
Steigung (Gc) der Kompensations-Gamma-Kurve
(Yc) definiert ist als Gc = K*Gd, wobei Gd eine Stei-
gung einer ersten relativen Gamma-Kurve (Yd) ist.

Ansteuerungsverfahren nach Anspruch 1, wobei die
erste relative Gamma-Kurve (Yd) in einem Raum ge-
messen wird, der im Wesentlichen frei von Licht ist
und einen Gamma-Wert von etwa 1 aufweist.

Ansteuerungsverfahren nach Anspruch 5, wobeidas
relative Verhaltnis (K) grof3er als 1 ist.

Ansteuerungsverfahren nach Anspruch 6, wobei die
Eingangsdatensignale (R, G, B) Beleuchtungsstar-
keinformationen in Bezug auf Graustufen umfassen.

Ansteuerungsverfahren nach Anspruch 7, wobei
sich die Kompensations-Gamma-Kurve (Yc) mit ei-
ner zweiten relativen Gamma-Kurve (Yb) schneidet,
bevor eine Gamma-Kompensation in Bezug auf die
Flussigkristallanzeige stattfindet, und der Beleuch-
tungsstarkewert in Bezug auf die mittlere Graustufe
(AG) anhand der zweiten relativen Gamma-Kurve
(Yb) erhalten wird.

Ansteuerungsverfahren nach Anspruch 8, wobei die
zweite relative Gamma-Kurve (Yb) in einem hellen
Raum gemessen wird.
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10. Vorrichtung zum Ansteuern einer Flissigkristallan-

zeige, umfassend:

einen Lichtsensor (700), der dazu ausgelegt ist,
eine Beleuchtungsstarke (IL) von Umgebungs-
licht zu messen; und

eine Signalsteuerung (600), die mit dem Licht-
sensor (700) verbunden und dazu ausgelegt ist,
eine Kompensations-Gamma-Kurve (Yc) zu be-
stimmen,

dadurch gekennzeichnet, dass

die Signalsteuerung (600) dazu ausgelegt ist,
die Kompensations-Gamma-Kurve (Yc)anhand
dergemessenen Beleuchtungsstéarke (IL) zu be-
stimmen,

die Signalsteuerung (600) dazu ausgelegt ist,
ein erstes Kontrastverhaltnis (CRDb) als ein Ver-
haltnis der maximalen Beleuchtungsstarke
(Lmax) und der minimalen Beleuchtungsstarke
(Lmin) der Flussigkristallanzeige anhand einer
Beziehung zwischen der Beleuchtungsstarke
von Umgebungslicht (IL) und einem Kontrast-
verhaltnis (Y) der Flissigkristallanzeige zu be-
stimmen, dazu ausgelegt ist, ein relatives Ver-
haltnis (K) eines im Voraus in einem dunklen
Raum bestimmten zweiten Kontrastverhaltnis-
ses (CRd) und des ersten Kontrastverhéltnisses
(CRb) zu bestimmen; dazu ausgelegt ist, eine
Steigung (Gc) der Kompensations-Gamma-
Kurve (Yc) anhand einer linearen Beziehung
zwischen dem relativen Verhaltnis (K) und einer
Steigung (Gd) der ersten im Voraus in dem
dunklen Raum bestimmten relativen Gamma-
Kurve (Yd) zu bestimmen, wobei der Wert des
Gamma (y) "1" ist; und dazu ausgelegt ist, eine
mittlere Graustufe (AG) von Eingangsdatensig-
nalen (R, G, B) zu bestimmen; und

dazu ausgelegt ist, die Kompensations-Gam-
ma-Kurve (Yc) anhand einer linearen Bezie-
hung zwischen einem Beleuchtungsstarkewert
in Bezug auf die mittlere Graustufe (AG) und der
Steigung (Gc) der Kompensations-Gamma-
Kurve (Yc) zu bestimmen.

11. Ansteuerungsvorrichtung nach Anspruch 10, wobei

das erste Kontrastverhaltnis (CRb) im Wesentlichen
gleich dem Wert von 14514*|L-0.8493 jst, wobei IL die
gemessene Beleuchtungsstarke ist.

12. Ansteuerungsvorrichtung nach Anspruch 11, wobei

das relative Verhdlinis (K) definiert ist als K =
CRd/CRb, wobei CRd das zweite Kontrastverhaltnis
ist und CRb das erste Kontrastverhaltnis ist.

13. Ansteuerungsvorrichtung nach Anspruch 12, wobei

die Steigung (Gc) der Kompensations-Gamma-Kur-
ve (Yc) definiert ist als Gc = K*Gd, wobei Gd eine
Steigung einer ersten relativen Gamma-Kurve (Yd)
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14.

15.

16.

17.

18.

ist.

Ansteuerungsvorrichtung nach Anspruch 10, wobei
die erste relative Gamma-Kurve (Yd) in einem Raum
gemessen wird, der im Wesentlichen frei von Licht
ist und einen Gamma-Wert von etwa 1 aufweist.

Ansteuerungsvorrichtung nach Anspruch 14, wobei
das relative Verhaltnis (K) grof3er als 1 ist.

Ansteuerungsvorrichtung nach Anspruch 15, wobei
sich die Kompensations-Gamma-Kurve (Yc) mit ei-
ner zweiten relativen Gamma-Kurve (Yb) schneidet,
bevor eine Gamma-Kompensation in Bezug auf die
Flussigkristallanzeige stattfindet, und der Beleuch-
tungsstarkewert in Bezug auf die mittlere Graustufe
(AG) anhand der zweiten relativen Gamma-Kurve
(Yb) erhalten wird.

Ansteuerungsvorrichtung nach Anspruch 16, wobei
die zweite relative Gamma-Kurve (Yb) in einem hel-
len Raum gemessen wird.

Ansteuerungsvorrichtung nach Anspruch 17, wobei
die Flussigkristallanzeige Folgendes umfasst:

eine Mehrzahl von Pixeln (PX);

einen Graustufen-Spannungsgenerator (800),
der mitder Signalsteuerung (600) verbundeniist,
um eine Mehrzahl von Graustufen-Spannungen
zu erzeugen; und

einen Datentreiber (500) zum Auswahlen einer
Graustufen-Spannung, die den Eingangsdaten-
signalen (R, G, B) (R, G, B) entspricht, aus den
Graustufen-Spannungen, um die ausgewahlte
Graustufen-Spannung an die Pixel (PX) zu
Ubertragen.

Revendications

1.

Procédé de pilotage d’'un écran a cristaux liquides,
comprenant :

la détection d’'un éclairement (IL) de lumiere
ambiante ;

la détermination d’'un premier rapport de con-
traste (CRb) en tant que rapport entre la lumi-
nance maximale (Lmax) et la luminance mini-
male (Lmin) de I'écran a cristaux liquides en uti-
lisant une relation entre I'éclairement de lumiere
ambiante (IL) et un rapport de contraste (Y) de
I’écran a cristaux liquides ;

la détermination d’un rapport relatif (K) entre un
second rapport de contraste (CRd) prédétermi-
né dans une chambre noire et le premier rapport
de contraste (CRDb) ;

ladétermination d’'un gradient (Gc) d’'une courbe
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gamma de compensation (Yc) en utilisant une
relation linéaire entre le rapport relatif (K) et un
gradient (Gd) de la premiére courbe gamma re-
lative (Yd) prédéterminée dans la chambre noi-
re, dans lequella valeur dugamma (y) est« 1 » ;
la détermination d’un niveau de gris moyen (AG)
de signaux de données d’entrée (R, G, B) ; et
la détermination de la courbe gamma de com-
pensation (Yc) en utilisant une relation linéaire
entre une valeur de luminance par rapport au
niveau de gris moyen (AG) et le gradient (Gc)
de la courbe gamma de compensation (Yc).

Procédé de pilotage selon la revendication 1, dans
lequelle premier rapport de contraste (CRb) est sen-
siblement égal a la valeur de 14514*1L-0.8493 oy IL
est I'’éclairement détecté.

Procédé de pilotage selon la revendication 2, dans
lequel le rapport relatif (K) est défini en tant que K =
CRd/CRb, ou CRd estle second rapportde contraste
et CRb est le premier rapport de contraste.

Procédé de pilotage selon la revendication 3, dans
lequel le gradient (Gc) de la courbe gamma de com-
pensation (Yc) est défini en tant que Gec = K*Gd, ou
Gd est un gradient d’'une premiére courbe gamma
relative (Yd).

Procédé de pilotage selon la revendication 1, dans
lequel la premiére courbe gamma relative (Yd) est
mesurée dans un espace manquant sensiblement
de lumiére et a une valeur gamma d’environ 1.

Procédé de pilotage selon la revendication 5, dans
lequel le rapport relatif (K) est supérieur a 1.

Procédé de pilotage selon la revendication 6, dans
lequel les signaux de données d’entrée (R, G, B)
comprennent des informations de luminance par
rapport a des niveaux de gris.

Procédé de pilotage selon la revendication 7, dans
lequel la courbe gamma de compensation (Yc¢) cou-
pe une seconde courbe gamma relative (Yb) avant
qu’une compensation gamma par rapport a I'écran
a cristaux liquides se produise, et la valeur de lumi-
nance par rapport au niveau de gris moyen (AG) est
obtenue en utilisant la seconde courbe gamma re-
lative (Yb).

Procédé de pilotage selon la revendication 8, dans
lequel la seconde courbe gamma relative (Yb) est
mesurée dans une chambre lumineuse.

10. Appareil de pilotage d’un écran a cristaux liquides,

comprenant :
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1.

12.

13.

14.

un photocapteur (700) adapté pour détecter un
éclairement (IL) de lumiére ambiante ; et

un dispositif de commande de signal (600) con-
necté au photocapteur (700) et adapté pour dé-
terminer une courbe gamma de compensation
(Yo)

caractérisé en ce que

le dispositif de commande de signal (600) est
adapté pour déterminer la courbe gamma de
compensation (Yc) d’'aprés|'éclairement (IL) dé-
tecté,

le dispositif de commande de signal (600) est
adapté pour déterminer un premier rapport de
contraste (CRb) en tant que rapport entre la lu-
minance maximale (Lmax) et la luminance mi-
nimale (Lmin) de I'écran a cristaux liquides en
utilisant une relation entre I'éclairement de lu-
miére ambiante (IL) et un rapport de contraste
(Y) de I'écran a cristaux liquides, adapté pour
déterminer un rapport relatif (K) entre un second
rapport de contraste (CRd) prédéterminé dans
une chambre noire et le premier rapport de con-
traste (CRb), adapté pour déterminer un gra-
dient (Gc) de la courbe gamma de compensa-
tion (Yc) en utilisant une relation linéaire entre
le rapport relatif (K) et un gradient (Gd) de la
premiére courbe gamma relative (Yd) prédéter-
minée dans la chambre noire, dans lequel la va-
leur du gamma (y) est « 1 », et adapté pour dé-
terminer un niveau de gris moyen (AG) de si-
gnaux de données d’entrée (R, G, B), et adapté
pour déterminer la courbe gamma de compen-
sation (Yc) en utilisant une relation linéaire entre
une valeur de luminance par rapport au niveau
de grismoyen (AG) etle gradient (Gc) dela cour-
be gamma de compensation (Yc).

Appareil de pilotage selon la revendication 10, dans
lequel le premier rapport de contraste (CRb) est sen-
siblement égal & la valeur de 14514*|L-0.8493 oy IL
est I'éclairement détecté.

Appareil de pilotage selon la revendication 11, dans
lequel le rapport relatif (K) est défini en tant que K =
CRd/CRDb, ou CRd estle second rapport de contraste
et CRb est le premier rapport de contraste.

Appareil de pilotage selon la revendication 12, dans
lequel le gradient (Gc¢) de la courbe gamma de com-
pensation (Yc) est défini en tant que Gec = K*Gd, ou
Gd est un gradient d’une premiére courbe gamma
relative (Yd).

Appareil de pilotage selon la revendication 10, dans
lequel la premiére courbe gamma relative (Yd) est
mesurée dans un espace manquant sensiblement
de lumiére et a une valeur gamma d’environ 1.
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15. Appareil de pilotage selon la revendication 14, dans
lequel le rapport relatif (K) est supérieur a 1.

16. Appareil de pilotage selon la revendication 15, dans
lequel la courbe gamma de compensation (Yc) cou- 5
pe une seconde courbe gamma relative (Yb) avant
qu’une compensation gamma par rapport a I'écran
a cristaux liquides se produise, et la valeur de lumi-
nance par rapport au niveau de gris moyen (AG) est
obtenue en utilisant la seconde courbe gamma re- 10
lative (Yb).

17. Appareil de pilotage selon la revendication 16, dans
lequel la seconde courbe gamma relative (Yb) est
mesurée dans une chambre lumineuse. 15

18. Appareil de pilotage selon la revendication 17, dans
lequel I'’écran a cristaux liquides comprend :

une pluralité de pixels (PX) ; 20
un générateur de tension de gris (800), qui est
connecté au dispositif de commande de signal
(600), pour générer une pluralité de tensions de
gris; et
un pilote de données (500) pour sélectionner 25
une tension de gris correspondant aux signaux
de données d’entrée (R, G, B) (R, G, B) a partir
des tensions de gris pour transmettre la tension
de gris sélectionnée aux pixels (PX).
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