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DATA DRIVING APPARATUS, LIQUID
CRYSTAL DISPLAY INCLUDING THE SAME,
AND METHOD OF DRIVING LIQUID
CRYSTAL DISPLAY

[0001] This application claims priority to Korean Patent
Application No. 10-2006-0103039, filed on Oct. 23, 2006,
and all the benefits accruing therefrom under 35 U.S.C.
§119, the contents of which in its entirety are herein incor-
porated by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a data driving
apparatus, a liquid crystal display including the same, and a
method of driving a liquid crystal display. In particular, the
present invention relates to a data driving apparatus which
reduces manufacturing costs and improves display quality, a
liquid crystal display including the same, and a method of
driving the liquid crystal display.

[0004] 2. Description of the Related Art

[0005] Generally, a liquid crystal display which displays
an image using a liquid crystal is one kind of a flat panel
display device. The liquid crystal display is thin and light-
weight and has low power consumption and low driving
voltage compared with other display devices.

[0006] The liquid crystal display (hereinafter, referred to
as “LCD”) includes a color filter display substrate on which
a reference electrode and color filters are formed, a thin film
substrate on which thin film transistors and pixel electrodes
are formed, and a liquid crystal layer interposed between the
two substrates. An electric field is generated by applying
different electric potentials, also called voltages, to the pixel
electrodes and the reference electrode, the alignment of
liquid crystal molecules change with the generated electric
field. Transmittance of light passing through the liquid
crystal layer is controlled by the alignment of the liquid
crystal molecules. The LCD then manipulates the transmit-
tance of a plurality of pixels to thereby display an image.

[0007] According to the related art, a printed circuit board
(“PCB”), on which a plurality of electronic components for
driving a liquid crystal panel and for generating control
signals are mounted, is electrically connected to a data
driving unit on one side of a liquid crystal panel. The PCB
is provided with a grayscale voltage generation unit which
generates a plurality of reference grayscale voltages and a
plurality of wiring lines which transmit the plurality of
reference grayscale voltages generated by the grayscale
voltage generation unit to the data driving unit. Accordingly,
the PCB includes a large number of the wiring lines formed
thereon. Further, since the reference grayscale voltages to be
transmitted to the data driving unit through the plurality of
wiring lines are analog voltages, the reference grayscale
voltages may be distorted due to noise generated by the
analog voltages passing through the other wiring lines.

[0008] Further, the reference grayscale voltages are not
adjusted according to image signals supplied from the
outside but are arbitrarily generated and supplied to the data
driving unit. Therefore, it is difficult to represent fine image
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quality from a black grayscale level to a white grayscale
level when the reference grayscale voltages have an arbi-
trarily supplied voltage.

BRIEF SUMMARY OF THE INVENTION

[0009] An aspect of the present invention is to provide a
data driving apparatus which can reduce manufacturing
costs and improve display quality.

[0010] Another aspect of the present invention is to pro-
vide a liquid crystal display including a data driving appa-
ratus which can reduce manufacturing costs and improve
display quality.

[0011] Still another aspect of the present invention is to
provide a method of driving a liquid crystal display which
can reduce manufacturing costs and improve display quality.
[0012] Aspects of the present invention are not limited to
those mentioned above, and other aspects of the present
invention will be understood by those skilled in the art
through the following description.

[0013] According to an exemplary embodiment of the
present invention, there is provided a data driving apparatus
including; an integrated circuit chip, a grayscale voltage
generation unit disposed on the integrated circuit chip which
receives grayscale generation signals from the outside and
generates a plurality of reference grayscale voltages, and a
driving unit disposed on the integrated circuit chip which
receives the reference grayscale voltages, converts the
image signals supplied from the outside into corresponding
analog data voltages, and supplies the converted analog data
voltages to data lines of a liquid crystal panel.

[0014] According to another exemplary embodiment of
the present invention, there is provided a liquid crystal
display including; a liquid crystal panel including a plurality
of unit pixels provided substantially at intersections of a
plurality of gate lines and a plurality of data lines, a timing
control unit which generates control signals which drive the
liquid crystal panel, and receive image signals for every
frame, wherein the timing control unit includes an image
signal correction unit which determines to which grayscale
level the distribution of the image signal received in an n-th
frame corresponds among a plurality of grayscale levels and
outputs a corrected image signal according to the result of
the determination, a driving voltage generation unit which
receives the control signals and generates a plurality of
driving voltages, a gate driving unit which receives the
driving voltages and applies the received driving voltages to
the gate lines, and a data driving apparatus including an
integrated circuit chip, a grayscale voltage generation umit
dispose on the integrated circuit chip which receives gray-
scale generation signals from the outside and generates a
plurality of reference grayscale voltages, and a driving unit
dispose on the integrated circuit chip which receives the
reference grayscale voltages, converts the corrected image
signals from the timing control unit into corresponding
analog data voltages, and supplies the converted analog data
voltages to the data lines of the liquid crystal panel.
[0015] According to still another exemplary embodiment
of the present invention, there is provided a method of
driving a liquid crystal display, the method including; pro-
viding a liquid crystal display which includes switching
elements correspondingly connected to a plurality of gate
lines and data lines and a plurality of pixels arranged at
intersections of the plurality of gate lines and data lines in a
matrix shape, applying driving voltages to the gate lines,
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receiving image signals for every frame, determining which
grayscale level the distribution of the image signals received
in an n-th frame corresponds to among a plurality of
grayscale levels, supplying a corrected image signal accord-
ing to the result of the determination to a data driving unit,
transmitting grayscale generation signals from a timing
control unit to the data driving unit, generating a plurality of
reference grayscale voltages in the data driving unit, con-
verting the corrected image signals into corresponding ana-
log data voltages, and supplying the converted analog data
voltages to the data lines.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The above and other aspects, features and advan-
tages of the present invention will become more apparent by
describing in further detail exemplary embodiments thereof
with reference to the attached drawings, in which:

[0017] FIG.1is ablock diagram of an exemplary embodi-
ment of a liquid crystal display according to the present
invention;

[0018] FIG. 2 is a diagram showing offset voltage values
according to an exemplary embodiment of the present
invention;

[0019] FIG. 3 is an internal block diagram of an exemplary
embodiment of an image signal correction unit according to
the present invention;

[0020] FIG. 4 is aninternal block diagram of an exemplary
embodiment of a color correction unit shown in FIG. 3;
[0021] FIG.5isaninternal block diagram of an exemplary
embodiment of a grayscale signal correction unit shown in
FIG. 3;

[0022] FIG. 6 is a diagram showing an exemplary embodi-
ment of a method of applying a data voltage according to the
present invention;

[0023] FIG.7 is aninternal block diagram of an exemplary
embodiment of a data driving unit according to the present
invention;

[0024] FIG. 8 is an internal block diagram of an exemplary
embodiment of a grayscale voltage generation unit shown in
FIG. 7;

[0025] FIG.9is aninternal block diagram of an exemplary
embodiment of a resistor string unit shown in FIG. 8; and
[0026] FIG. 10 is an internal block diagram of an exem-
plary embodiment of a driving unit shown in FIG. 7.

DETAILED DESCRIPTION OF THE
INVENTION

[0027] The invention now will be described more fully
hereinafter with reference to the accompanying drawings, in
which embodiments of the invention are shown. This inven-
tion may, however, be embodied in many different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey the scope of the invention to those skilled in the art.
Like reference numerals refer to like elements throughout.
[0028] It will be understood that when an element is
referred to as being “on” another element, it can be directly
on the other element or intervening elements may be present
therebetween. In contrast, when an element is referred to as
being “directly on” another element, there are no intervening
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elements present. As used herein, the term “and/or” includes
any and all combinations of one or more of the associated
listed items.

[0029] It will be understood that, although the terms first,
second, third etc. may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections
should not be limited by these terms. These terms are only
used to distinguish one element, component, region, layer or
section from another element, component, region, layer or
section. Thus, a first element, component, region, layer or
section discussed below could be termed a second element,
component, region, layer or section without departing from
the teachings of the present invention.

[0030] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting of the invention. As used herein, the singular
forms “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises”
and/or “comprising,” or “includes” and/or “including” when
used in this specification, specify the presence of stated
features, regions, integers, steps, operations, elements, and/
or components, but do not preclude the presence or addition
of one or more other features, regions, integers, steps,
operations, elements, components, and/or groups thereof.
[0031] Furthermore, relative terms, such as “lower” or
“bottom” and “upper” or “top,” may be used herein to
describe one element’s relationship to another elements as
illustrated in the Figures. It will be understood that relative
terms are intended to encompass different orientations of the
device in addition to the orientation depicted in the Figures.
For example, if the device in one of the figures is turned
over, elements described as being on the “lower” side of
other elements would then be oriented on “upper” sides of
the other elements. The exemplary term “lower”, can there-
fore, encompasses both an orientation of “lower” and
“upper,” depending of the particular orientation of the figure.
Similarly, if the device in one of the figures is turned over,
elements described as “below” or “beneath” other elements
would then be oriented “above” the other elements. The
exemplary terms “below” or “beneath” can, therefore,
encompass both an orientation of above and below.

[0032] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which this invention belongs. It will be further
understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the
relevant art and the present disclosure, and will not be
interpreted in an idealized or overly formal sense unless
expressly so defined herein.

[0033] Exemplary embodiments of the present invention
are described herein with reference to cross section illustra-
tions that are schematic illustrations of idealized embodi-
ments of the present invention. As such, variations from the
shapes of the illustrations as a result, for example, of
manufacturing techniques and/or tolerances, are to be
expected. Thus, embodiments of the present invention
should not be construed as limited to the particular shapes of
regions illustrated herein but are to include deviations in
shapes that result, for example, from manufacturing. For
example, a region illustrated or described as flat may,
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typically, have rough and/or nonlinear features. Moreover,
sharp angles that are illustrated may be rounded. Thus, the
regions illustrated in the figures are schematic in nature and
their shapes are not intended to illustrate the precise shape
of a region and are not intended to limit the scope of the
present invention.

[0034] Hereinafter, embodiments according to the present
invention will be described in further detail with reference to
the accompanying drawings.

[0035] FIG.11is ablock diagram of an exemplary embodi-
ment of a liquid crystal display according to the present
invention. FIG. 2 is a diagram showing offset voltage values
according to an exemplary embodiment of the present
invention.

[0036] As shown in FIG. 1, the exemplary embodiment of
a liquid crystal display according to present invention
includes a liquid crystal panel 100, a voltage generation unit
200, a gate driving unit 300, a first memory unit 400, a data
driving unit 500, and a timing control unit 600.

[0037] Referring to an FIG. 1, the liquid crystal panel 100
includes a plurality of display signal lines G1 to Gn and D1
to Dm. The liquid crystal panel 100 also includes a plurality
of unit pixels which are correspondingly connected to the
display signal lines G1 to Gn and D1 and Dm and arranged
in a matrix shape. The liquid crystal panel 100 includes a
color filter display substrate on which a reference electrode
and color filters are formed, a thin film substrate on which
thin film transistors (“TFTs”) and pixel electrodes are
formed, and a liquid crystal layer interposed between the
two substrates.

[0038] Here, the display signal lines G1 to Gn and D1 to
Dm includes a plurality of gate lines G1 to Gn which
transmit gate signals and a plurality of data lines D1 to Dm
which transmits data signals. The gate lines G1 to Gn extend
substantially in a row direction so as to be substantially
parallel to one another, and the data lines D1 to Dm extend
substantially in a column direction so as to be substantially
parallel to one another.

[0039] Each of the unit pixels includes a switching ele-
ment Q connected to corresponding ones of the display
signal lines G1 to Gn and D1 to Dm, a liquid crystal
capacitor Clc connected to the switching element Q, and a
storage capacitor Cst which is also connected to the switch-
ing element Q. Alternative exemplary embodiments include
configurations wherein the storage capacitor Cst is omitted.

[0040] The switching element Q is a three-terminal ele-
ment, exemplary embodiments of which include a TFT. A
control terminal of the switching element Q is connected to
a corresponding one of the gate lines G1 to Gn, an input
terminal thereof is connected to a corresponding one of the
data lines D1 to Dm, and an output terminal thereof is
connected to the liquid crystal capacitor Clc and the storage
capacitor Cst.

[0041] The liquid crystal capacitor Clc includes a pixel
electrode of the TFT substrate and a common electrode of
the color filter substrate as two terminals thereof, and also
has a liquid crystal layer disposed between the two elec-
trodes which functions as a dielectric. The pixel electrode is
connected to the switching element Q, and the common
electrode is formed on substantially the entire surface of the
color filter substrate and is supplied with a common voltage
Vcom. Alternative exemplary embodiments include con-
figurations wherein the common electrode may be provided
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on the TFT substrate. In such an alternative exemplary
embodiment the two electrodes may be formed in a linear or
a bar shape.

[0042] In the exemplary embodiment wherein the storage
capacitor Cst is included, the liquid crystal panel also
includes an additional signal line (not shown) provided on
the TFT substrate which overlaps the pixel electrode. In one
exemplary embodiment a predetermined voltage, such as the
common voltage Vcom, is applied to the additional signal
line in what is referred to as an independent wiring method.
In an alternative exemplary embodiment, the storage capaci-
tor Cst may be a laminated structure including the pixel
electrode, the insulator, and a previous gate line formed on
the TFT substrate in what is referred to as a previous gate
method.

[0043] Meanwhile, in order to display colors, each unit
pixel may display a color. Color display may be performed
by providing color filters, exemplary embodiments of which
include red, green, and blue, in regions corresponding to the
pixel electrodes. Here, the color filters may be provided in
the regions of the color filter substrate which correspond to
the underlying pixel electrodes. Exemplary embodiments
include configurations wherein the color filters may be
provided above or below the pixel electrodes of the TFT
substrate.

[0044] A polarizer (not shown) for polarizing light is
attached to an outer surface of at least one of the TFT
substrate and the color filter substrate of the liquid crystal
panel 100.

[0045] The voltage generation unit 200 generates a plu-
rality of driving voltages. For example, the voltage genera-
tion unit 200 generates a gate-on voltage Von, a gate-off
voltage Voff, and the common voltage Vcom.

[0046] The gate driving unit 300 is connected to the gate
lines G1 to Gn of the liquid crystal panel 100 and supplies
gate selection signals, which are combinations of the gate-on
voltage Von and the gate-off voltage Voff, to the gate lines
G1 to Gn.

[0047] The first memory unit 400 is provided outside the
data driving unit 500 and stores grayscale generation signals
GMA_GEN for generating reference grayscale voltages. At
this time, the first memory 400 stores the gray scale gen-
eration signals GMA_GEN which correspond to a plurality
of grayscale levels, an automatic color calibration (“ACC”)
look-up table for correcting colors, and a dynamic capaci-
tance compensation (“DCC”) look-up table for improving a
response speed of liquid crystal. The first memory may be an
electrically erasable programmable read only memory (“EE-
PROM”).

[0048] Here, the grayscale generation signals GMA_GEN
have a plurality of voltage values and offset voltage values.
As shown in FIG. 2, a first voltage region A indicates a set
of voltage values between the common voltage Vcom and a
driving voltage Avdd and a second voltage region B indi-
cates a set of voltage values between the common voltage
Veom and a ground voltage GND. The offset voltage values
includes a first offset voltage value (a) which indicates a
voltage difference between the driving voltage Avdd and a
positive maximum grayscale voltage GRAY_MAX1 in the
first voltage region A, a second offset voltage value (b)
which indicates a voltage difference between the common
voltage Vcom and a positive minimum grayscale voltage
GRAY_MINT1 in the first voltage region A, a third offset
voltage value (c) which indicates a voltage difference
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between the common voltage Vcom and a negative mini-
mum grayscale voltage GRAY_MIN2 in the second voltage
region B, and a fourth offset voltage value (d) which
indicates a voltage difference between the ground voltage
GND and a negative maximum grayscale voltage GRAY _
MAX2 in the second voltage region B.

[0049] The different voltage regions A and B correspond
to different voltage polarities with respect to the ground
voltage GND. In order to display moving images the LCD
rapidly displays a series of images which the eye then
interprets as motion. Each image in the series of images is
displayed for a short period of time, e.g., one thirtieth of a
second, which is also called a frame. If images data signals
of only one polarity are sent to the liquid crystal panel 100,
the liquid crystal molecules are twisted in only one direction
and will rapidly degrade. However, if data signals of alter-
nating polarity are applied to the liquid crystal panel the
liquid crystal molecules are twisted in opposing directions
depending on the polarity of the data signal and their rapid
degradation can be reduced or effectively prevented.

[0050] The data driving unit 500 is connected to the data
lines D1 to Dm of the liquid crystal panel 100, generates a
plurality of data voltages based on the plurality of grayscale
voltages generated from a grayscale voltage generation unit
510, selects a grayscale voltage, and supplies the selected
grayscale voltage to the unit pixel as the data signal. In one
exemplary embodiment the data driving unit 500 may be an
integrated circuit (“IC”) chip. The grayscale voltage gen-
eration unit 510 will be described in further detail later with
reference to FIGS. 7 to 9.

[0051] The timing control unit 600 generates control sig-
nals which control the operation of the gate driving unit 300
and the data driving unit 500. The timing control unit 600
then supplies the generated control signals to the gate
driving unit 300 and the data driving unit 500. In the current
exemplary embodiment, the timing control unit 600 includes
an image signal correction unit 630 which corrects and
outputs an image signal received in an n-th frame. The image
signal correction unit 630 will be described below in further
detail with reference to FIGS. 3, 5, and 6.

[0052] Hereinafter, the operation of the above-described
liquid crystal display will be described in further detail.

[0053] The timing control unit 600 receives image signals
R, G, and B and the input control signals for controlling
display of the image signals from an external graphic
controller (not shown). For example, the timing control unit
600 receives a vertical synchronization signal Vsync, a
horizontal synchronization signal Hsync, a main clock
MCLK, and a data enable signal DE. The timing control unit
600 generates a gate control signal CONT1 and a data
control signal CONT2 on the basis of the input control
signals and processes the image signals R, G, and B to
conform to the operational conditions of the liquid crystal
panel 100. After the image signals R, G, and B are processed
they become modified image signals R', G' and B".

[0054] Here, the gate control signal CONT1 includes a
vertical synchronization start signal STV indicating the start
of outputting a gate-on pulse (gate-on voltage period), a gate
clock signal CPV for controlling the output timing of the
gate-on pulse, and an output enable signal OE for defining
the width of the gate-on pulse. The output enable signal OE
and the gate clock signal CPV are supplied to the voltage
generation unit 200.
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[0055] The data control signal CONT2 includes a hori-
zontal synchronization start signal STH indicating the start
of inputting the modified image signals R, G' and B', a load
signal TP for allowing data voltages to be supplied to the
data lines D1 to Dm, a polarity signal POL for inverting the
polarity of a data signal voltage (hereinafter, “the polarity of
the data voltage with respect to the common voltage” is
simply referred to as “the polarity of the data voltage™), and
a data clock signal HCLK.

[0056] Specifically, the timing control unit 600 according
to the current exemplary embodiment of the present inven-
tion reads at least one of the grayscale generation signal
GMA_GEN stored in the first memory 400, the ACC look-
up table for correcting the colors, and the DCC look-up table
for improving the response speed of liquid crystal.

[0057] Thereafter, the timing control unit 600 receives the
image signals R, G, and B and determines a grayscale level
to which the distribution of the image signal received in the
n-th frame corresponds among a plurality of grayscale
levels. Here, the plurality of grayscale levels include a first
grayscale level, a second grayscale level, and a third gray-
scale level. The first grayscale level corresponds to a low
grayscale level and indicates an applied grayscale voltage of
less than 50, the second grayscale level corresponds to a
medium grayscale level and indicates an applied grayscale
voltage ranging from 50 to 128, and the third grayscale level
corresponds to a high grayscale level and indicates an
applied grayscale voltage of more than 128. The grayscale
voltage generation unit 510 applies grayscales voltages on a
binary basis with the lowest, and therefore darkest, grayscale
being 0 and the grayscale continuing to brighten as the
grayscale increases.

[0058] The image signals R, G, and B are corrected and
output according to the determination of the grayscale level.
For example, if the distribution of the image signals R. G,
and B received in the n-th frame corresponds to a first
grayscale level among the plurality of grayscale levels, the
timing control unit selects the grayscale generation signal
GMA_GEN corresponding to the first grayscale level. The
timing control unit 600 also selects a value from at least one
of the ACC look-up table and the DCC look-up table
corresponding to the first grayscale level so as to correct the
image signals. The timing control unit 600 then corrects the
image signals accordingly to produce modified image sig-
nals R', G' and B'

[0059] As described above, the timing control unit 600 can
select the ACC correction for correcting the colors and the
DCC correction for improving the response speed of liquid
crystal. After the correction of the image signals is com-
pleted, the timing control unit 600 supplies the gate control
signal CONT1 to the gate driving unit 300, and also supplies
the data control signal CONT2, the corrected image signal
DAT, and the grayscale generation signal GMA_GEN to the
data driving unit 500.

[0060] In the current exemplary embodiment of the
present invention the corrected image signal DAT is trans-
mitted to the data driving unit 500 using a reduced swing
differential signal (“RSDS”) transmission method and the
grayscale generation signal GMA_GEN is transmitted to the
data driving unit 500 using an inter integrated circuit (“I*C”)
transmission method. As shown in FIG. 1, in the I°C
transmission method, two signal lines, that is, a serial clock
line SCL and a serial data line SDL are used. The timing
control unit 600 designates a 7-bit address and a 10-bit
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address for individual devices for allowing independent
access to the devices. The serial clock line SCL is a signal
line used to transfer a synchronization clock for transmitting
data, which is provided from a master, e.g., the timing
control unit 600. Therefore, the serial clock line SCL is a
one-way signal line from the timing control unit 600 to the
data driving unit 500. The serial data line SDL is a signal line
for representing bit information of data to be transmitted.
The serial data line SDL is used when the data is transmitted
from the timing control unit 600 to the data driving unit 500
or from the data driving unit 500 to the timing control unit
600. Therefore, the serial data line SDL is a two-way signal
line.

[0061] The data driving unit 500 sequentially receives the
corrected image signals DAT corresponding to the unit
pixels of one row according to the data control signal
CONT2 from the timing control unit 600. Then, the data
driving unit 500 selects a data voltage corresponding to each
of the corrected image signals DAT and converts the cor-
rected image signal DAT into the corresponding data volt-
age.

[0062] The gate driving unit 300 sequentially supplies the
gate-on voltage Von to the gate lines G1 to Gn according to
the gate control signal CONT1 from the timing control unit
600 and thereby sequentially turns on the switching ele-
ments Q connected to the gate lines G1 to Gn.

[0063] During a period when the gate-on voltage Von is
supplied to one of the gate lines G1 to Gn and the switching
element Q connected to the corresponding one of the gate
lines G1 to Gn is turned on [this period is referred to as “1H”
or “one horizontal period” and is equal to one cycle of the
horizontal synchronization signal Hsync and the data enable
signal DE, and the gate clock CPV]. The data driving unit
500 supplies each of the data voltages to the corresponding
one of the data lines D1 to Dm. The data voltages supplied
to the data lines D1 to Dm are supplied to the corresponding
unit pixels through the turned-on switching elements Q.
[0064] The alignment of liquid crystal molecules changes
depending on a change in electric field generated by the
pixel electrode and the common electrode, which causes a
change in polarization of light passing through the liquid
crystal layer. The change in polarization causes a change in
transmittance of light by the polarizers attached to the TFT
substrate and the color filter substrate.

[0065] In such a manner, the gate-on voltage Von is
sequentially supplied to all of the gate lines G1 to Gn for one
frame, such that the data voltages are applied to all of the
unit pixels. In one exemplary embodiment, when one frame
ends, the next frame starts. When the next frame starts the
state of the polarity signal POL to be applied to the data
driving unit 500 is controlled such that the polarity of the
data voltage applied to each unit pixel is inverse to the
polarity of the data voltage in the previous frame; this type
of polarity inversion is called “frame inversion”. In another
exemplary embodiment the polarity of the data voltage
applied to one data line may be inverted with respect to
adjacent data lines in the same frame according to the
characteristic of the polarity signal POL; this type of polarity
inversion is called “line inversion”. Further, the polarities of
the data voltages to be applied to a row of pixels may be
different from one another “dot inversion”.

[0066] FIG. 3 is an internal block diagram of the exem-
plary embodiment of the image signal correction unit 630
according to the present invention. FIG. 4 is an internal
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block diagram of an exemplary embodiment of the color
correction unit 650 shown in FIG. 3.

[0067] Referring to FIG. 3, the current exemplary embodi-
ment of an image signal correction unit 630 according the
present invention includes a color correction unit 650 and a
grayscale signal correction unit 670.

[0068] Referring to FIG. 4, the color correction unit 650
includes an R data correction unit 652, a G data correction
unit 654, and a B data correction unit 656, and multi-
grayscale converting units 662, 664, and 666 for R, G, and
B, respectively.

[0069] TheR, G, and B data correction units 652, 654, and
656 convert n-bit image signals R, G, and B from the outside
into predetermined m-bit image signals according to the
ACC look-up table stored in the first memory 400 and output
the converted m-bit image signals to the multi-grayscale
converting units 662, 664, and 666 for R, G, and B,
respectively.

[0070] The multi-grayscale converting units 662, 664, and
666 for R, G, and B convert the m-bit image signals
(wherein m>n) into n-bit image signals for R, G, and B and
supplies the converted n-bit image signals to the timing
control unit 600. Here, the multi-grayscale converting units
662, 664, and 666 for R, G, and B perform a dithering
processing and a frame rate control processing. In one
exemplary embodiment the multi-grayscale converting units
662, 664, and 666 for R, G, and B may be one multi-
grayscale converting unit.

[0071] FIG. 5 is an internal block diagram of the exem-
plary embodiment of a grayscale signal correction unit
shown in FIG. 3. FIG. 6 is a diagram showing an exemplary
embodiment of a method of applying a data voltage accord-
ing to the present invention.

[0072] Referring to FIG. 5, the grayscale signal correction
unit 670 includes a first frame memory 672, a second frame
memory 674, and a data grayscale signal converter 676.
[0073] The first frame memory 672 outputs an (n-1)-th
frame image signal Gn-1 stored from the previous frame to
the data grayscale signal converter 676 and the second frame
memory 674 in response to a control signal ICON from the
timing control unit 600. Further, the first frame memory 672
stores the n-th frame image signal Gn from the timing
control unit 600 in response to the control signal [CON. This
n-th frame image signal Gn will then be output as the
(n-1)-th frame image signal for the next frame.

[0074] The second frame memory 674 outputs an (n-2)-th
frame image signal Gn-2 stored from the two frames ago to
the data grayscale signal converter 676 in response to a
control signal ICON from the timing control unit 600.
Further, the second frame memory 674 stores the (n-1)-th
frame image signal Gn-1 from the first frame memory 674
in response to the control signal ICON. This (n-1)-th frame
image signal Gn-1 will then be output as the (n-2)-th frame
image signal for the next frame.

[0075] The data grayscale signal converter 676 receives
the n-th frame image signal Gn, the (n—1)-th frame image
signal Gn-1 output from the first frame memory 672, and a
(n-2)-th frame image signal Gn-2 output from the second
frame memory 674 in response to the control signal ICON
from the timing control unit 600. Further, the data grayscale
signal converter 676 compares the n-th frame image signal
Gn, the (n-1)-th frame image signal Gn-1, and the (n-2)-th
frame image signal Gn-2, and outputs an image signal
G'n-1 corrected to follow the DCC look-up table. When the
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n-th frame image signal Gn is input, the (n-1)-th frame
image signal Gn-1 is corrected and output. Therefore, the
output frame image signal is delayed by one frame.

[0076] The data grayscale signal converter 676 outputs the
(n-1)-th frame image signal Gn-1 without correction when
the n-th frame image signal Gn, the (n-1)-th frame image
signal Gn-1, and the (n-2)-th frame image signal Gn-2 are
the same. However, when the image signals differ, as when
the (n-1)-th frame image signal Gn-1 and the (n-2)-th
frame image signal Gn-2 correspond to a black grayscale
level and the n-th frame image signal Gn corresponds to a
white grayscale level, the (n-1)-th frame image signal Gn-1
is corrected and output as a slightly higher pretilt voltage
Vpt such that liquid crystal can be preliminarily pretilted as
shown in FIG. 6. Further, in the n-th frame, a grayscale
voltage Vd, which is higher than an actual grayscale voltage
Vp, is applied, such that the n-th frame more rapidly reaches
the white grayscale level. For example, when the black
grayscale voltage is in a range of 0.5 to 1.5 V, the pretilt
voltage Vpt may be in a range of 2 to 3.5 V. This pretilting
of the LCD molecules allows the liquid crystal display to
more rapidly switch between light and dark displays and
helps to compensate for the relatively slow response time of
the liquid crystal molecules.

[0077] Further, when the (n-2)-th frame image signal
Gn-2 corresponds to the black grayscale level and the
(n-1)-th frame image signal Gn-1 and the n-th frame image
signal Gn correspond to the white grayscale level, the
(n-1)-th frame image signal Gn-1 is corrected and output as
an overshoot voltage higher than the white grayscale level.

[0078] Alternatively, when the (n-2)-th frame image sig-
nal Gn-2 and the (n-1)-th frame image signal Gn-1 corre-
spond to the white grayscale level and the n-th frame image
signal Gn corresponds to the black grayscale level, the
(n-1)-th frame image signal Gn-1 is corrected and output as
a slightly lower pretilt voltage such that liquid crystal can be
preliminarily pretilted.

[0079] In addition, when the (n-2)-th frame image signal
Gn-2 corresponds to the white grayscale level, and the
(n-1)-th frame image signal Gn-1 and the n-th frame image
signal Gn correspond to the black grayscale level, the
(n-1)-th frame image signal Gn-1 is corrected and output as
an undershoot voltage which is lower than the black gray-
scale level. Here, the size of the overshoot or undershoot
voltage may be determined by various methods.

[0080] FIG.7 is aninternal block diagram of an exemplary
embodiment of the data driving unit 500 according to the
present invention. FIG. 8 is an internal block diagram of an
exemplary embodiment of the grayscale voltage generation
unit 510 of FIG. 7. FIG. 9 is an internal block diagram of an
exemplary embodiment of a resistor string unit 518 of FIG.
8.

[0081] Referring to FIG. 7, the data driving unit 500
according to the current exemplary embodiment of the
present invention includes the grayscale voltage generation
unit 510 and a driving unit 530.

[0082] Referring to FIG. 8, the grayscale voltage genera-
tion unit 510 includes a second memory unit 512, a digital-
analog converter unit 514 for the reference grayscale volt-
age, a first buffer unit 516, and the resistor string unit 518.
[0083] The second memory unit 512 includes a plurality of
registers (not shown), receives the grayscale generation
signal GMA_GEN from the timing control unit 600 through
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the serial data line SDL, and stores the received grayscale
generation signal GMA_GEN.

[0084] The digital-analog converter unit 514 for the ref-
erence grayscale voltage includes a plurality of digital-
analog converters (not shown). The digital-analog converter
unit 514 for the reference grayscale voltage receives the
grayscale generation signal GMA_GEN having the plurality
of resistances and the offset voltage values and outputs a
plurality of reference grayscale voltages Vgl, . . ., and Vgn.
[0085] The first buffer unit 516 includes a plurality of
buffers (not shown) connected to the digital-analog con-
verter unit 514 for the reference grayscale voltage. The
individual buffers maintain the reference grayscale voltages
Vgl, ..., and Vgn, respectively, which are output from the
digital-analog converter unit 514 for a reference grayscale
voltage constant.

[0086] The resistor string unit 518 is connected to the first
buffer unit 516. As shown in FIG. 9, the resistor string unit
518 distributes the plurality of reference grayscale voltages
Vgl, . .., and Vgn and generates a plurality of grayscale
voltages Vg'l, . . ., and Vg'n having different levels. In the
resistor string unit 518, the resistor strings are respectively
connected between adjacent buffers. Each of the resistor
strings has two resistors R1, . . ., and Rm in series. In
alternative exemplary embodiments in order to generate
more grayscale voltages, the resistor string may connect
more resistors in series, e.g., if each resistor string has two
resistors, the number of grayscale voltages is doubled, if
each resistor string includes three resistors, the number of
grayscale voltages is tripled, etc. For this reason the resistor
string 518 may also be referred to as a voltage divider.
[0087] FIG. 10 is an internal block diagram of an exem-
plary embodiment of the driving unit shown in FIG. 7.

[0088] Referring to FIG. 10, the exemplary embodiment
of a driving unit 530 according to the present invention is
driven by receiving the plurality of reference grayscale
voltages Vg'l, . . ., and Vg'n from the grayscale voltage
generation unit 510. The driving unit 530 includes a shift
register 532, a digital-analog converter 534, and a second
buffer unit 536.

[0089] If a horizontal synchronization start signal STH is
input, the shift register 532 receives the corrected image
signal DAT supplied from the timing control unit 600 and
latches the corrected image signal DAT at a rising edge of
the horizontal synchronization start signal STH. Thereafter,
the shift register 532 continuously stores the corrected image
signal DAT while shifting the corrected image signal DAT.

[0090] If the data driving unit 500 becomes full with the
corrected image signal DAT through the above-described
process, when a load signal TP input to the shift register 532
rises, the shift register 532 outputs all of the corrected image
signals DAT to the digital-analog converter unit 534.

[0091] The digital-analog converter unit 534 receives the
corrected image signals DAT from the shift register 532,
converts the received corrected image signals DAT into
analog data voltages corresponding to the corrected image
signals DAT, and outputs the converted analog data voltages
to the second buffer unit 536 when the load signal TP input
to the digital-analog converter 534 falls.

[0092] The second buffer unit 536 selects the polarities of
the analog data voltages from the digital-analog converter
534 and applies the analog data voltages S1 to Sn having the
selected polarities to the data lines D1 to Dm of the liquid
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crystal panel 100. In one exemplary embodiment the number
of data voltages Sn is equal to the number of data lines Dm.
[0093] Although the present invention has been described
in connection with the exemplary embodiments of the
present invention, it will be apparent to those skilled in the
art that various modifications and changes may be made
thereto without departing from the scope and spirit of the
present invention. Therefore, it should be understood that
the above embodiments are not limitative, but illustrative in
all aspects. The scope of the present invention is defined by
the appended claims rather than by the description preceding
them, and all changes and modifications which fall within
metes and bounds of the claims, or equivalents of such metes
and bounds are therefore intended to be embraced by the
claims.

[0094] According to the above-described exemplary
embodiments of a data driving apparatus, a liquid crystal
display including the same, and a method of driving a liquid
crystal display of the present invention, the grayscale volt-
age generation unit which generates the reference grayscale
voltages is provided in the data driving unit, thereby reduc-
ing the number of wiring lines to be formed on the printed
circuit board and reducing the size of the printed circuit
board.

[0095] Further, it is possible to adjust reference grayscale
voltages according to image signals from the outside,
thereby representing fine image quality from a black gray-
scale level to a white grayscale level.

What is claimed is:

1. A data driving apparatus comprising:

an integrated circuit chip;

a grayscale voltage generation unit disposed on the inte-
grated circuit chip which receives grayscale generation
signals from the outside and generates a plurality of
reference grayscale voltages; and

a driving unit disposed on the integrated circuit chip
which receives the reference grayscale voltages, con-
verts image signals from the outside into corresponding
analog data voltages, and supplies the converted analog
data voltages to data lines of a liquid crystal panel.

2. The data driving apparatus of claim 1, wherein the

grayscale voltage generation unit comprises:

a plurality of first memory units which receive and store
the grayscale generation signals;

a plurality of digital-analog converters, correspondingly
connected to the plurality of first memory units, which
convert the grayscale generation signals into a plurality
of analog grayscale voltages and output the analog
grayscale voltages to a plurality of nodes; and

a plurality of resistor string units, respectively connected
between the nodes in series, which distribute the gray-
scale voltages and output the plurality of reference
grayscale voltages.

3. The data driving apparatus of claim 2, wherein the
grayscale generation signals comprise a plurality of resis-
tances and offset voltage values to generate the reference
grayscale voltages.

4. The data driving apparatus of claim 3, wherein, when
a first region indicates a voltage difference between a
common voltage and a driving voltage and a second region
indicates a voltage difference between the common voltage
and a ground voltage and, the offset voltage values com-
prise:
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a first offset voltage value indicating a voltage difference
between the driving voltage and a positive maximum
grayscale voltage in the first region;

a second offset voltage value indicating a voltage differ-
ence between the common voltage and a positive
minimum grayscale voltage in the first region;

a third offset voltage value indicating a voltage difference
between the common voltage and a negative minimum
grayscale voltage in the second region; and

a fourth offset voltage value indicating a voltage differ-
ence between the ground voltage and a negative maxi-
mum grayscale voltage in the second region.

5. The data driving apparatus of claim 1, wherein the
image signals are transmitted using a reduced swing differ-
ential signal transmission method.

6. The data driving apparatus of claim 2, wherein the
grayscale generation signals are transmitted using an inter
integrated circuit transmission method.

7. A liquid crystal display comprising:

a liquid crystal panel comprising a plurality of unit pixels
provided substantially at intersections of a plurality of
gate lines and a plurality of data lines;

a timing control unit which generates control signals
which drive the liquid crystal panel, and receives image
signals for every frame, wherein the timing control unit
comprises an image signal correction unit which deter-
mines to which grayscale level the distribution of the
image signal received in an n-th frame corresponds
among a plurality of grayscale levels and outputs a
corrected image signal according to the result of the
determination;

a driving voltage generation unit which receives the
control signals and generates a plurality of driving
voltages;

a gate driving unit which receives the driving voltages and
applies the received driving voltages to the gate lines;
and

a data driving device comprising;

an integrated circuit chip;

a grayscale voltage generation unit disposed on the inte-
grated circuit chip which receives grayscale generation
signals from the outside and generates a plurality of
reference grayscale voltages; and

a driving unit disposed on the integrated circuit chip
which receives the reference grayscale voltages, con-
verts the corrected image signals from the timing
control unit into corresponding analog data voltages,
and supplies the converted analog data voltages to the
data lines of the liquid crystal panel.

8. The liquid crystal display of claim 7, wherein the
plurality of grayscale levels includes a first grayscale level,
a second grayscale level, and a third grayscale level.

9. The liquid crystal display of claim 8, wherein:

the third grayscale level corresponds to the highest gray-
scale levels;

the second grayscale level corresponds to a set of gray-
scales lower than the third set of grayscales; and

the first grayscale level corresponds to a set of grayscales
lower than the second set of grayscales.

10. The liquid crystal display of claim 7, further com-

prising:

a first memory unit which stores the grayscale generation
signals,
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wherein the first memory unit stores at least one of the
grayscale generation signals corresponding to the plu-
rality of grayscale levels, an ACC look-up table for
correcting colors, and a DCC look-up table for improv-
ing a response speed of the liquid crystal display.

11. The liquid crystal display of claim 10, wherein the first

memory unit is located outside the data driving device.

12. The liquid crystal display of claim 10, wherein the first
memory unit is an electrically erasable programmable read
only memory.

13. The liquid crystal display of claim 7, wherein the
grayscale generation signals corresponding to at least one
level among the plurality of grayscale levels are selected on
the basis of the determination of the image signal correction
unit.

14. The liquid crystal display of claim 7, wherein one of
the ACC look-up table and the DCC look-up table is selected
on the basis of the determination of the image signal
correction unit to correct the image signals.

15. The liquid crystal display of claim 7, wherein the
grayscale generation signals comprise a plurality of resis-
tances and offset voltage values to generate the reference
grayscale voltages.

16. The liquid crystal display of claim 15, wherein, when
a first region indicates a voltage difference between a
common voltage and a driving voltage and a second region
indicates a voltage difference between the common voltage,
and the offset voltage values comprise:

a first offset voltage value indicating a voltage difference
between the driving voltage and a positive maximum
grayscale voltage in the first period;

a second offset voltage value indicating a voltage differ-
ence between the common voltage and a positive
minimum grayscale voltage in the first region;

a third offset voltage value indicating a voltage difference
between the common voltage and a negative minimum
grayscale voltage in the second region; and

a fourth offset voltage value indicating a voltage differ-
ence between the ground voltage and a negative maxi-
mum grayscale voltage in the second region.

17. The liquid crystal display of claim 7, wherein the

grayscale voltage generation unit comprises:

a plurality of memory units receiving and storing the
grayscale generation signals;

a plurality of digital-analog converters, correspondingly
connected to the plurality of memory units, respec-
tively, which convert the grayscale generation signals
into a plurality of analog grayscale voltages and output
the analog grayscale voltages to a plurality of nodes;
and

a plurality of resistor string units, respectively connected
between the nodes in series, which distribute the gray-
scale voltages and output the plurality of reference
grayscale voltages.

18. A method of driving a liquid crystal display; the

method comprising:

providing a liquid crystal display which includes switch-
ing elements correspondingly connected to a plurality
of gate lines and data lines and a plurality of pixels
arranged at intersections of the plurality of gate lines
and data lines in a matrix shape;

applying driving voltages to the gate lines;
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receiving image signals for every frame

determining which grayscale level the distribution of the
image signals received in an n-th frame corresponds to
among a plurality of grayscale levels;

supplying corrected image signals according to the result
of the determination to a data driving unit;

transmitting grayscale generation signals from a timing
control unit to the data driving unit;

generating a plurality of reference grayscale voltages in
the data driving unit;

converting the corrected image signals into corresponding
analog data voltages; and

supplying the converted analog data voltages to the data
lines.

19. The method of claim 18, further comprising:

selecting the grayscale generation signals corresponding
to at least one level among the plurality of grayscale
levels on the basis of the result of the determination.

20. The method of claim 18, further comprising:

selecting one of the ACC look-up table and the DCC
look-up table on the basis of the determination result to
correct the image signals.

21. The method of claim 18, wherein the plurality of
grayscale levels includes a first grayscale level, a second
grayscale level, and a third grayscale level.

22. The method of claim 21, wherein:

the third grayscale level corresponds to the highest gray-
scale levels

the second grayscale level corresponds to a set of gray-
scales lower than the third set of grayscales; and

the first grayscale level corresponds to a set of grayscales
lower than the second set of grayscales.

23. The method of claim 18, further wherein the convert-
ing the corrected image signals into corresponding analog
data voltages and supplying the converted analog data
voltages to the data lines further comprises:

selecting the analog data voltages before supplying the
selected analog voltages to the data lines.

24. The method of claim 23, wherein the grayscale
generation signals comprise a plurality of resistances and
offset voltage values to generate the reference grayscale
voltages.

25. The method of claim 24, wherein, when a first region
indicates a voltage difference between a common voltage
and a driving voltage and a second region indicates a voltage
difference between the common voltage and a ground volt-
age, and the offset voltage values include:

a first offset voltage value indicating a voltage difference
between the driving voltage and a positive maximum
grayscale voltage in the first region;

a second offset voltage value indicating a voltage differ-
ence between the common voltage and a positive
minimum grayscale voltage in the first region;

a third offset voltage value indicating a voltage difference
between the common voltage and a negative minimum
grayscale voltage in the second region; and

a fourth offset voltage value indicating a voltage differ-
ence between the ground voltage and a negative maxi-
mum grayscale voltage in the second region.
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