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SIGNAL DRIVING CIRCUIT OF LIQUID
CRYSTAL DISPLAY DEVICE AND DRIVING
METHOD THEREOF

[0001] The present invention claims the benefit of Korean
Patent Application No. 2002-53763 filed in Korea on Sep. 6,
2003, which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play device, and more particularly, to a signal driving circuit
of aliquid crystal display device and adriving method thereof
being arranged.

[0004] 2. Discussion of the Related Art

[0005] Aliquid crystal display (LCD) device is widely used
to display various images including still images and moving
images. The picture quality of an LCD device has greatly
improved due to the development of technology for process-
ing fine pixels and to the use of new liquid crystal materials.
An LCD device has the characteristics light weight, a slim
profile and low power consumption. An LCD device has a
wide range of applications that are still broadening. An LCD
device is typically composed of a liquid crystal panel, which
includes a pair of substrates, one of them being at least made
of a transparent glass, and a liquid crystal layer interposed
between the two substrates. An LCD device can be classified
into two types of devices, a passive matrix-typed LCD device
and an active matrix-typed LCD device depending on the
structure and driving method of the LCD device.

[0006] The passive matrix-typed LCD device has the
advantages of easy fabrication and simple driving method,
but has the disadvantages of high power consumption with
little driving capability and a large number of scan lines. The
active matrix-typed LCD device has the advantages of allow-
ing the fabrication of a high quality device since it is struc-
tured to have a thin film transistor (TFT) in every pixel within
the pixel region such that each pixel can be independently
driven. By using a thin film transistor in each pixel, an active
matrix-typed LCD device effectively displays moving
images.

[0007] FIG. 1 is a block diagram of a related art active
matrix-typed LCD device. As shown in FIG. 1, the related art
active matrix-typed LCD device includes a column driver 3
for supplying the image data, which is input from an external
video card 1, to a liquid crystal panel 6. The active matrix-
typed LCD device also includes a gamma voltage circuit 4 for
supplying signal voltages to the column driver 3, a row driver
5 for supplying scanning signals for controlling the switching
operation of the thin film transistors in the liquid crystal panel
6, and a controller 2 for controlling the column driver 3 and
the row driver 5. Normally, the liquid crystal panel 6 is of an
XGA level (1024x768 pixels) of resolution that includes
1024x3 (RGB) of source lines. Therefore, in an LCD device
having a XGA level of resolution, eight column drivers 3
(384%8=3072) are employed, each having an output terminal
of 384 channels and four row drivers 5, each having an output
terminal of 200 channels.

[0008] The analog video data supplied from the digital
video card 1, installed in the body of a computer, is supplied
to the column driver 3 through the operation of the controller
2. In the alternative, the analog image signal input from a
computer is converted into digital video data through an inter-
face module installed in a liquid crystal monitor, and then, is
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input into an LCD device. The row driver 5 applies one
scanning pulse every frame to each scanning line, and the
timing of the pulse is normally sequentially applied from the
top of the liquid crystal panel 6 to the bottom of the liquid
crystal panel 6. The column driver 3 applies liquid crystal
driving voltages corresponding to the pixels in one line, while
a scanning pulse is applied to the pixels. In other words, the
column driver 3 is for applying signal voltages to each signal
line.

[0009] The thin film transistor connected to the scanning
line in the selected pixel is turned “on” when a scanning pulse
is applied to the gate electrode of the thin film transistor.
Then, the liquid crystal driving voltage passes from the signal
line through the drain and the source of the thin film transistor,
and is applied to the pixel electrode so as to charge a pixel
capacitor. By repeating this operation for each pixel, the
image data voltages corresponding to the image signal for
each of the pixels for the entire panel are applied in a frame.
Further, if the image data voltages are applied to the pixels in
only one direction when driving the pixel array, it is necessary
to periodically invert the image data voltages applied to the
panel to prevent the overheating of the liquid crystal in the
pixels due to one-directionally flow of voltage across a sub-
stantial portion of the liquid crystal layer for an extended
length of time.

[0010] The period for changing the direction of the signal
voltage, that is, a normal direction to an inverse direction or
vice versa, is one field. There are several kinds of methods,
such as a field inversion method of changing the voltage
polarity of all the pixels in the panel in a field, a line inversion
method of alternately changing the voltage polarity of the
pixels in a line connected to a scanning line, and a dot inver-
sion method of alternately changing the voltage polarity of
each pixel. In all of these cases, the voltage direction should
be alternately inverted such that the direction of the pixel
voltage (the voltage applied to the pixel electrode from the
drain of the thin film transistor) is a normal (+) direction or an
inverse (=) direction with respect to the common voltage
(Veom).

[0011] FIG. 2 is a detailed block diagram of the column
driver depicted in FIG. 1. As shown in FIG. 2, a data latch 41
latches video data 10, 11, 12 input into a pixel. In the case of
the LCD device receiving odd number and even number video
data, the data latch 41 latches the input video data in the unit
of two pixels. A shift register 40 sequentially generates latch
enable signals for storing the video data into the line latch in
synchronization with external clock signals. The line latch 42
sequentially stores the input video data in synchronization
with the latch enable signal. The line latch 42 includes first
and second registers (not shown), each having one line size
(the number of the source lines connected to one column
driver is 384x6 bits in this example). If the video data of one
line is stored in the first register, the line latch 42 moves the
video data of one line stored in the first register to the second
register at the same time. Then, the line latch 42 sequentially
stores the video data of another line into the first register.
[0012] A digital to analog converter 43 of FIG. 2 receives a
plurality of signal voltages from a gamma voltage circuit 4.
Then, the digital to analog converter 43 selects at least one or
two signal voltages of the plurality of signal voltages input
corresponding to each video data from the second register of
the line latch. Then, the digital to analog converter 43 divides
the selected signal voltage corresponding to the video data,
and outputs through each source line of an output buffer 44 as
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analog image signals. Although not depicted in FIG. 2, a
constant common voltage is input into a common electrode in
addition to the pixel voltages input to the pixel electrodes
through the source lines. The voltage difference between the
pixel voltage and the common voltage across the liquid crys-
tal layer determines a gray level of the displayed image of the
pixel.

[0013] FIG. 3isarepresentation of the structure of a digital
to analog converter inside the conventional gamma voltage
circuit and the column driver. The gamma voltage circuit and
the digital to analog converter of FIG. 3 are the same as those
in FIG. 2, and like numerals will be used to refer to like
elements. As shown in FIG. 3, the digital to analog converter
43 includes a resistance network for distributing the signal
voltages 18, which are selected to correspond to the video
data 45, into interior gray-scale voltages. The signal voltages
18 can be adjusted from the outside. The gray-scale voltages
47 between each tap point are automatically determined by
the resistance network inside the digital to analog converter.
[0014] The digital video data 45 input into the column
driver (not shown) is input into the digital to analog converter
43 through the data latch and the line latch. A plurality of
signal voltages 18 output from the gamma voltage circuit 4
are input into the digital to analog converter 43. The plurality
of signal voltages 18 are distributed into a plurality of gray-
scale voltages 47 by the resistance network inside the digital
to analog converter 43. Each value of the digital video data 45
input as above and the signal voltages 18 supplied by the
gamma voltage circuit 4 are distributed into the gray-scale
voltages 47 by the resistance network. The distributed gray-
scale voltages 47 are output through each signal line, that is,
source line as analog image signal through an output buffer 49
corresponding to the video data 45.

[0015] The signal voltages 18 output from the gamma volt-
age circuit 4 are input as positive (+) voltage and negative (-)
voltage with respect to the common voltage (Vcom) 50, and
are again distributed into a plurality of gray-scale voltages 47
by the resistance network inside the digital to analog con-
verter 43. The gray-scale voltages 47 can be realized differ-
ently according to the signal voltages 18 distributed by the
external fixed resistance, but are fixed in hardware so that a
user cannot change.

[0016] Thecolumn driver selects one gray-scale voltage 47
of the plurality of gray-scale voltages 47 distributed from the
fixed signal voltages 18 supplied by the gamma voltage cir-
cuit 4, and corresponding to the input digital video data 45,
and then, applies the selected gray-scale voltage to each sig-
nal line connected to pixels for liquid crystal cells. The com-
mon voltage 50 supplied to the common electrode is individu-
ally fixed and applied independently from the gamma voltage
circuit 4. However, there is a need to adjust the gray-scale
voltage 47 externally of the signal driving circuit such that a
user can vary the gradation or the brightness of an LCD
device, and nowadays, this need is commercially realized in
LCD devices.

[0017] FIG. 4 is a graphical representation of the output of
gray-scale voltages with respect to a common voltage. As
shown in FIG. 4, one gray-scale voltage is arbitrarily selected,
and its level of the voltage is illustrated. When a pixel is
selected by the row driver, the specific pixel is charged with
the one of the gray-scale voltages. When the pixel is selected
at the initial time of one horizontal period. the gray-scale
voltage is a positive (+) voltage 51 above a common voltage.
A negative (-) gray-scale voltage 52 is applied to the selected
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pixel during the next horizontal period such that its absolute
value corresponds to the absolute value of the positive (+)
voltage applied to the selected pixel during the previous hori-
zontal period. Therefore, the voltage, which is applied to each
pixel, is changed into the gray-scale voltage and alternately
changed between the levels of a normal (+) voltage and an
inverse (=) voltage. Thus, an alternating current is applied to
each pixel. Further, the common voltage (Vcom) 50 can be a
direct voltage or an alternating voltage, and the level of each
gray-scale voltage is determined with respect to the common
voltage 50.

[0018] When the absolute values of the normal (+) gray-
scale voltage 51 and the inverse (-) gray-scale voltage 52 are
different, that is, each level of the gray-scale voltages is not
equal to each other with respect to the center of the common
voltage 50, the LCD device can be damaged or heated. Fur-
ther, the characteristics of the pixels can be changed so as to
cause a flickering phenomenon or image sticking phenom-
enon to occur. Therefore, the gray-scale voltages should be
maintained symmetric with respect to the center of the com-
mon voltage, which is difficult in actual applications. For
example, a user needs to adjust the gray-scale by an external
control of the common voltage in order to vary the gray-scale
or the brightness of an LCD device. However, changing the
common voltage causes the absolute values of the normal (+)
gray-scale voltage 51 and the inverse (-) gray-scale voltage
52 to be different such that the gray-scale voltages are not
symmetrical with respect to the center of the common voltage
50, which causes the problems of image flickering or image
sticking.

SUMMARY OF THE INVENTION

[0019] Accordingly, the present invention is directed to a
signal driving circuit of a liquid crystal display device, and a
driving method thereofthat substantially obviate one or more
problems due to limitations and disadvantages of the related
art.

[0020] An object of the present invention is to provide a
signal driving circuit of a liquid crystal display device, and a
driving method thereof, in which gray-scale voltages are
adjusted by an external system in varying the gray-scale and
the brightness of an LCD device.

[0021] Another object is to symmetrically maintain the lev-
els of positive (+) and negative (-) gray-scale voltages with
respect to the common voltage such that the image quality of
the LCD device is improved.

[0022] Additional advantages, objects, and features of the
invention will be set forth in part in the description which
follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following or
may be learned from practice of the invention. The objectives
and other advantages of the invention may be realized and
attained by the structure particularly pointed outin the written
description and claims hereof as well as the appended draw-
ings.

[0023] To achieve theseobjects and other advantages and in
accordance with the purpose of the invention, as embodied
and broadly described herein, a signal driving circuit of a
liquid crystal display device includes a column driver for
converting video data input into analog signals and applying
said analog signals to pixels ofa liquid crystal panel, a gamma
voltage circuit for applying a plurality of signal voltages to
the column driver and an external voltage supplying unit for
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generating and adjusting signal voltages and a common volt-
age applied to the gamma voltage circuit and the common
electrode, respectively.

[0024] Inanother aspect, a signal driving circuit of a liquid
crystal display device includes an external system for adjust-
ing gray-scale voltages of the liquid crystal display device,
wherein a common voltage is adjusted by the external system
such that the absolute values of a normal (+) gray-scale volt-
age and an inverse (-) gray-scale voltage are the same with
respect to the center voltage of the common voltage and to
compensate for the absolute values of the gray-scale voltages
levels that are different due to a variation of the gray-scale
voltages.

[0025] In another aspect, a method of driving signals of a
liquid crystal display device in which gray-scale voltages of
the liquid crystal display device are adjusted by an external
system, the method includes the steps of selecting digital data
such that the absolute values of a normal (+) gray-scale volt-
age and an inverse (-) gray-scale voltage are the same with
respect to the center voltage of'a common voltage to compen-
sate for changes in absolute values of the gray-scale voltages
levels due to variations in the gray-scale voltages and con-
verting the selected digital data into an analog voltage that is
input into a common electrode.

[0026] Itistobeunderstood that both the foregoing general
description and the following detailed description of the
present invention are exemplary and explanatory, and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this application, illus-
trate embodiment(s) of the invention and together with the
description serve to explain the principle of the invention.
[0028] FIG. 1 is a block diagram of a related art active
matrix-typed LCD device.

[0029] FIG.2isadetailed block diagram of a column driver
depicted in FIG. 1.

[0030] FIG. 3isarepresentation of the structure of a digital
to analog converter inside a conventional gamma voltage
circuit and the column driver.

[0031] FIG. 4 is a graphical representation of the output of
gray-scale voltages with respect to a common voltage.
[0032] FIG. 51is a block diagram of an active matrix-typed
LCD device of an embodiment of the present invention.
[0033] FIG. 6is a representation of the structure of a signal
driving circuit of the active matrix-typed LCD device in
accordance with an embodiment of the present invention.
[0034] FIG. 7 is a block diagram of a digital to analog
converting part of an external voltage supplying unit of an
embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0035] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings. Wher-
ever possible, the same reference numbers will be used
throughout the drawings to refer to the same or like parts.

[0036] FIG. 51s a block diagram of an active matrix-typed
LCD device of an embodiment of the present invention. Like
numerals will be used to refer to like elements in the related
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art active matrix-typed LCD device. As shown in FIG. 5, the
structure of the active matrix-type LCD device of an embodi-
ment of the present invention includes an external voltage
supplying unit 500 for supplying signal voltages input to a
gamma voltage circuit 4. The external voltage supplying unit
500 supplies a plurality of signal voltages to the gamma
voltage circuit 4, and also supplies a common voltage to a
common electrode 52. Further, the external voltage supplying
unit 500 provides a function to adjust the signal voltages and
the common voltage thereinside prior to supplying the volt-
ages to respective units so as to vary the gray-scale and the
brightness of the LCD device. As a result, the external voltage
supplying unit 500 provides the advantages of minimizing the
occurrence of the flickering and the image sticking.

[0037] FIG. 6is a representation of the structure of a signal
driving circuit of the active matrix-typed LCD device in
accordance with an embodiment of the present invention.
FIG. 6 illustrates a gamma voltage circuit 4 and digital to
analog converter 43 having like numbers to like elements that
were described with regard to FIG. 3. A signal driving circuit
600 of the LCD device includes a column driver (not shown)
for converting a video data 45 input from the outside into
analog signals and supplying to pixel electrodes of a liquid
crystal panel. The gamma voltage circuit 4 of the driving
circuit 600 supplies a plurality of signal voltages 18 to the
column driver, which convert the video data 45 into analog
signals. The external voltage supplying unit 500 generates
signal voltages 18 and a common voltage 50. More particu-
larly, the external voltage supplying unit 500 adjusts the sig-
nal voltages 18 and a common voltage 50 before being
applied to the gamma voltage circuit 4 and the common
electrode 52 respectively.

[0038] In FIG. 6, only inside the column driver is illus-
trated. The structure and operation of the column driver for
embodiments of the present invention is the same as dis-
cussed with regard to the related art column driver in FIG. 2.
Further, the video data 45 input into the column driver is
composed ofn bits, and the video data 45 input into the digital
to analog converter 43 inside the column driver is also com-
posed of n bits. For the convenience of description herein,
FIG. 6 illustrates an example of only six (6) bits.

[0039] The signal voltages 18 input into the column driver
through the gamma voltage circuit 4 are distributed into a
plurality of gray-scale voltages 47 by a resistance network
inside the column driver. The video data 45 input into the
column driver selects one of the distributed gray-scale volt-
ages 47, and outputs the selected gray-scale voltage 47 to a
source line to supply a pixel within the liquid crystal cell. The
distributed number of gray-scale voltages 47 is determined
according to the number of bits in the input video data 45. As
shown in FIG. 6, if G-bit video data 45 is input, the gray-scale
voltages 47 are distributed into sixty four (64) levels. In
another example if 8-bit video data 45 is input, the gray-scale
voltages 47 are distributed into two hundred fifty six (256)
levels.

[0040] In the related art signal driving circuit, the number
and levels of gray-scale voltages are generated from the signal
voltages input from the outside, which are determined
according to a resistance network inside the column driver.
Since the resistance network inside the column driver has a
fixed value, the values of the gray-scale voltages are also fixed
and cannot be changed arbitrarily by a user. Therefore,
according to this embodiment of the present invention, the
signal driving circuit further includes an external voltage
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supplying unit 500 to vary the gray-scale and the brightness of
the LCD device so that the signal voltages 18 can be adjusted
via an external control and the gray-scale voltages 47 can be
varied. Also, the common voltage (Vcom) 52 can be adjusted
in order to prevent flickering and image sticking due to the
variance of the gray-scale voltages 47.

[0041] The external voltage supplying unit 500 includes a
data storing part 504 for storing a plurality of signal voltage
data, a controlling part 502 for selecting and outputting a
signal voltage data stored in the data storing part 504, and a
digital to analog converting part 506 for converting the signal
voltage data output from the data storing part 504 into analog
voltages that are output to the gamma voltage circuit 4 or the
common electrode 52. The data storing part 504 stores a
plurality of signal voltage data, which can be the experimen-
tally-determined digital data by applying compatible appara-
tus, and many different and discrete data can be stored
therein. The data storing part 504, having a plurality of signal
voltage data stored therein, is controlled by the controlling
part 502, and the controlling part 502 is an element for per-
forming a command as selected by a user. Thus, if a user
wishes to change the characteristics of the signal voltages 18
(that is, to vary the gray-scale voltages 47), the controlling
part 502 commands to display the signal voltage data stored in
the data storing part 504 on a screen, to select and to send
some signal voltage data among the above data to the digital
to analog converting part 506. Through the above process, a
user can control the gray-scale voltages 47 and the common
voltage 52 by a simple operation using input controls to the
system.

[0042] The data storing part 504 sends the data to the digital
to analog converting part 506 as serial data, and the digital to
analog converting part 506 converts the data into n analog
voltages, that is, n signal voltages 18, and outputs them to the
gamma voltage circuit through a buffer. In addition, the digi-
tal to analog converting part 506 can converts the data into an
analog voltage and output to the common electrode through
the buffer. The converted analog voltage output to the com-
mon electrode 52 is a common voltage 50. The converted
analog voltages output to the gamma voltage circuit 4 are a
conversion from some selected signal voltage data into a
plurality of analog voltages.

[0043] The signal voltages 18 are input into the gamma
voltage circuit 4 through the digital to analog converting part
506 to vary the gray-scale or the brightness ofthe LCD device
as described above, and the analog voltages input into the
common electrode 52 through the digital to analog converting
part 506 prevent the flickering or image sticking generated by
the variation of the gray-scale voltages 47. The signal voltage
data, which is selected to vary the common voltage 52, needs
to be selected such that the absolute value of the positive (+)
and negative (-) gray-scale voltages 47 is the same in order to
compensate the variation of the gray-scale voltages 47 and/or
the difference of the absolute value of the positive (+) and
negative (-) gray-scale voltages 47. Further, the selection of
some digital data, that is, signal voltage data is made every
time when the absolute values of positive (+) and negative (-)
gray-scale voltages with respect to the common voltage are
not the same after the adjustment of the gray-scale voltage,
and accordingly, the common voltage is also adjusted.
[0044] FIG. 7 is a block diagram of a digital to analog
converting part of an external voltage supplying unit of an
embodiment of the present invention. As shown in FI1G. 7, the
digital to analog converting part 506 includes a data and clock
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receiver 710, a reference voltage generator 720, and a digital
to analog converter (DAC) 730. The digital to analog con-
verter (DAC) 730 in FIG. 7 has six (6) channels, but it is just
one exemplary embodiment. The number of the channels is
not limited to six.

[0045] The operation of the digital to analog converting
part 506 will now be described in reference to FIG. 7. If the
data from the data storing part (not shown) is supplied to the
digital to analog converting part 506, the data is received by
the data and the clock receiver 710. Then, the digital to analog
converter 730 having subaddress outputs a plurality of DC
voltages 740 corresponding to subaddress data from the
transmitted data by using the voltage of the reference voltage
generator 720. As described above, the selected digital data is
converted and output as the plurality of the analog DC volt-
ages 740, and input into the gamma voltage circuit so that
adjusted gray-scale voltages, which are different from the
previous gray-scale voltages, can be supplied.

[0046] To adjust the common voltage, the digital to analog
converting part 506 can also be used as it is, but only one
digital to analog converter 730 is used in this case. The signal
voltage data, being selected to adjust the common voltage,
needs to be selected such that the absolute values of the
positive (+) and negative (-) gray-scale voltages are the same
to avoid that the absolute values of the gray-scale voltages are
different due to the variation of the gray-scale voltages 47.
Thus, the data is converted into analog voltages through one
digital to analog converter inside the digital to analog con-
verting part 506, and applied into the common electrode as
common voltage. Therefore, the absolute values of the
adjusted positive (+) and negative (-) gray-scale voltages
become equal with respect to the converted analog voltage so
that the flickering and image sticking phenomenon are
removed. Further, the analog voltage generated by the digital
to analog converter is not limited to DC voltage, and it could
be alternately-changed one between two values of positive (+)
and negative (=) voltages according to the characteristics of
an LCD device being used.

[0047] As described above, in the signal driving circuit in
embodiments of the present invention, the common voltage
can be adjusted by an external system to compensate for the
changes in the absolute values of the positive (+) and negative
(-) gray-scale voltages with respect to the common voltage
due to the variance of the gray-scale voltages, and the external
system corresponds to the external voltage supplying unit as
described above. As described above, according to the signal
driving circuit of the LCD device and the driving method
thereof of the present invention, the gray-scale voltages are
adjusted by an external system in varying the gray-scale and
the brightness of an LCD device, and the common voltage can
be also adjusted by the external system so as to minimize the
occurrence of the flickering phenomenon and the image stick-
ing phenomenon of the images in the LCD device. Further, a
user can externally adjust the gray-scale voltages and the
common voltage precisely by a simple operation.

[0048] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention. Thus, it is intended that the present inven-
tion covers the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.

1-14. (canceled)
15. A signal driving circuit of a liquid crystal display
device, the signal driving circuit comprising:
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a column driver configured to convert a video data into
analog gray-scale voltages corresponding to a plurality
of analog signal voltages and apply the analog gray-
scale voltages to pixels of a liquid crystal panel; and

an external voltage supplying unit comprising a digital to
analog converting part that is coupled to a common
electrode of the liquid crystal panel, the digital to analog
converting part generating the plurality of analog signal
voltages and supplying one of the plurality of analog
signal voltages to the common electrode of the liquid
crystal panel as a common voltage.

16. The signal driving circuit according to claim 15,
wherein the external voltage supplying unit further com-
prises:

a data storing part configured 1o store a plurality of digital
signal data; and

a controlling part configured to select a signal data that
represents a modification of one of a gray-scale voltage
in the data storing part and apply the selected digital
signal data to the digital to analog converting part.

17. The signal driving circuit according to claim 16,
wherein the plurality of signal data are data for varying a
brightness of the liquid crystal panel.
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18. The signal driving circuit according to claim 16,
wherein the signal data supplied to the external voltage sup-
plying unit are converted into the plurality of analog signal
voltages.

19. The signal driving circuit according to claim 15,
wherein the column driver distributes the plurality of analog
signal voltages into the analog gray-scale voltages.

20. The signal driving circuit according to claim 15,
wherein the digital to analog converting part comprises:

a reference voltage generator configured to generate a ref-

erence voltage, and

a plurality of digital to analog converters coupled to the

reference voltage generator.
21. The signal driving circuit according to claim 20,
wherein, if the signal data represents the modification of the
gray-scale voltage, the plurality of digital to analog convert-
ers generate a plurality of modified signal voltages.
22. The signal driving circuit according to claim 20,
wherein, if the signal data represents the modification of the
common voltage:
one ofthe plurality of digital to analog converters generates
a modified common voltage; and

the absolute values of a normal (+) gray-scale voltage and
an inverse (-) gray-scale voltage have the same voltage
difference with respect to the modified common voltage.
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