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LIQUID-CRYSTAL DISPLAY DEVICE AND
METHOD OF SIGNAL TRANSMISSION THEREOF

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates generally to Liquid-
Crystal Display (LCD) devices. More particularly, the
invention relates to a LCD device having comparatively
long transmission lines for transmitting internal signals, and
a method of transmitting signals in the same device.

[0003] 2. Description of the Related Art

[0004] With LCD devices, generally, the controller circuit
outputs an image input signal to be displayed, a polarization
reverse signal, a horizontal scanning signal, and a vertical
scanning signal. The image input signal is taken into the data
electrode driver circuit to be synchronized with the horizon-
tal scanning signal. The pixel data signal corresponding to
the image input signal thus taken into is polarization-
reversed according to the polarization reverse signal and
then, it is sent to the respective data electrodes of the LCD
panel from the data electrode driver circuit. The vertical
scanning signal is taken into the scanning electrode driver
circuit. A scanning signal is sent to the scanning electrode
driver circuit to be synchronized with the vertical scanning
signal by the scanning electrode driver circuit. The pixel
data signal is supplied to the specific pixel regions on the
panel chosen by the scanning signal, thereby displaying
images on the screen of the panel according to the pixel data
signal. The data electrode driver circuit comprises a data
electrode driver section or sections. The scanning electrode
driver circuit comprises a scanning electrode driver section
or sections.

[0005] FIG. 1 shows the circuit configuration of an
example of the prior-art LCD devices of the type described
here. This device comprises a LCD panel 1, a controller
circuit 2, a gray scale power supply circuit 3, a data electrode
driver circuit 4, and a scanning electrode driver circuit 5.

[0006] The L.CD panel 1 includes a color filter for gener-
ating color images by dividing each pixel into a sub-pixel of
red (R), a sub-pixel of green (G), and a sub-pixel of blue (B).
The panel 1 further includes n data electrodes X1 to Xn (n:
a positive Integer greater than 2) to be applied with corre-
sponding sub-pixel data signals D, m scanning electrodes Y1
to Ym (m: a positive integer greater than 2) to be applied
with corresponding scanning signals V, and sub-pixel
regions (not shown) formed at the respective intersections of
the data electrodes X1 to Xn and the scanning electrodes Y1
to Ym, The specific sub-pixel regions chosen by the scan-
ning signals V are applied with the corresponding sub-pixel
data signals D, thereby displaying color images on the
screen (not shown) of the panel 1 according to the signals D.

[0007] The controller circuit 2, which is formed by, for
example, an ASIC (Application Specific Integrated Circuit),
supplies 8-bit red data DR, 8-bit green data DGr and 8-bit
blue data DB to the data electrode driver circuit 4. These
data DR, DG, and DB are supplied to the circuit 2 from the
outside of the LCD device. The circuit 2 generates a hori-
zontal scanning signal PH, a vertical scanning signal PV, and
a polarization reverse signal POL, based on a horizontal
synchronization signal SH and a vertical synchronization
signal SV, and so on supplied from the outside of the LCD
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device. The polarization reverse signal POL is used for
alternating-current (AC) driving the panel 1. The circuit 2
supplies the horizontal scanning signal PH and the polar-
ization reverse signal POL thus generated to the data elec-
trode driver circuit 4 in the voltage mode and at the same
time, it supplies the vertical scanning signal PV thus gen-
erated to the scanning electrode driver circuit 5 in the
voltage mode. Moreover, the circuit 2 supplies a red scale
voltage data DGR, a green scale voltage data DGG, and a
blue scale voltage data DGB to the gray scale power supply
circuit 3, which are used for giving desired gradation to the
data DR, DG, and DB through gamma (y) compensation,
respectively.

[0008] The gray scale power supply circuit 3 comprises
three digital-to-analog converter (DAC) circuits 11,, 11,,
and 115 and 54 voltage follower circuits 12, to 125,, as
shown in FIG. 2. The DAC circuit 11, converts the digital
red scale voltage data DGR to 18 analog red scale voltages
Vgo to Vg7 and then, the circuit 11, supplies the voltages
V., 10 Vg4, to the voltage follower circuits 12, to 124,
respectively. Similarly, the DAC circuit 11, converts the
digital green scale voltage data DGG to 18 analog green
scale voltages V5, to V4, and then, the circuit 11, supplies
the voltages Vg, to V5 to the voltage follower circuits 12,
to 125, respectively. The DAC circuit 11 converts the
digital blue scale voltage data DGB to 18 analog blue scale
voltages Vg, to VB, and then, the circuit 11 supplies the
voltages Vg, to VBg ;5 to the voltage follower circuits 125,
to 12, respectively. The analog red scale voltages Vi, to
VRi+, the analog green scale voltages Vg to Vg5, and the
analog blue scale voltages Vg, to Vg, are used for y-com-
pensation to the red data DR, green data DG, and blue data
DB, respectively. The voltage follower circuits 12, to 125,
receive the analog red, green, and blue scale voltages Vi, to
Vx&i7 Voo t0 Vg5, of Vo to Vg, - at high input impedance,
respectively, and outputs them to the data electrode driver
circuit 4 at low output impedance.

[0009] The data electrode driver circuit 4 comprises k (k:
a natural number) data electrode driver sections 4, to 4.
Each of the sections 4, to 4, applies the specific y-compen-
sation to the red, green, and blue data DR, DG, and/or DE
based on the red, green, and blue scale voltages Vi, to Vi,
V5o to Vg7, and/or Vi, to Vi, - to thereby give gradation
thereto. Then, the circuit 4 converts the red, green, and blue
data DR, DG, and/or DB thus compensated to 384 sub-pixel
data signals D and then, outputs the signals D to the data
electrodes X1 to Xn on the panel 1.

[0010] For example, if the panel 1 is designed for the
SXGA (Super extended Graphics Array) resolution or mode,
the panel 1 has 1280 pixels (horizontal)x1024 pixels (ver-
tical) in total. In this case, the count of the sub-pixels is 3840
pixels (horizontal)x1024 pixels (vertical), because each
pixel is formed by three sub-pixels, i.e., a red sub-pixel, a
green sub-pixel, and a blue sub-pixel. Here, (3840 pixels)/
(384 data signals)=10 (pixels/data signal). Thus, the total
number of the data electrode driver sections is 10; i.e., k=10.
This means that the data electrode driver circuit 4 comprises
10 data electrode driver sections 4, to 4,,. The following
explanation is made under the condition described here.

[0011] The data electrode driver sections 4 to 4, have the
same circuit configuration as each other except for the
suffixes of the respective elements and the respective sig-
nals. Thus, only the section 4, is explained below.
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[0012] The data electrode driver section 4, of the data
electrode driver circuit 4 comprises three multiplexer (MPX)
circuits 13; to 135, three 8-bit DAC (Digital-to-Analog
Converter) circuits 14, to 14;, and 384 voltage follower
circuits 15, to 1554, as shown in FIG. 3.

[0013] The MPX circuit 13, receives the red scale voltages
Vgo to Vg, from the gray scale power supply circuit 3 and
then, alternately supplies the set of the red scale voltages
V., to VR or the set of the red scale voltages Vi to Vi
to the DAC circuit 14, according to the polarization reverse
signal POL from the controller circuit 2. Similarly, the MPX
circuit 13, receives the green scale voltages Vg, to Vo
from the power supply circuit 3 and then, alternately sup-
plies the set of the green scale voltages V5 to Vg or the set
of the green scale voltages Vg, to V- to the DAC circuit
14, according to the polarization reverse signal POL. The
MPX circuit 135 receives the blue scale voltages Vg, to Vi,
from the power supply circuit 3 and then, alternately sup-
plies the set of the blue scale voltages Vg, to Vg or the set
of the blue scale voltages Vg to Vi, to the DAC circuit 14,
according to the polarization reverse signal POL.

[0014] The DAC circuit 14, applies the specific y-com-
pensation to the 8-bit red data DR from the controller circuit
2 based on the set of the red scale voltages Vi, to V. or the
set of the red scale voltages Vygo to Vgy, from the MPX
circuit 13,, thereby giving gradation to the red data DR,
Moreover, the circuit 14, converts the digital red data DR
thus compensated to analog red data signals and then,
supplies them to the corresponding voltage follower circuits
15,,15,,15,, .. ., and 15,,,. Similarly, the DAC circuit 14,
applies the specific y-compensation to the 8-bit green data
DG from the controller circuit 2 based on the set of the green
scale voltages V5, to Vgg or the set of the green scale
voltages Vo to Vg4, from the MPX circuit 13,, thereby
giving gradation to the green data DG. Moreover, the circuit
14, converts the digital green data DG thus compensated to
analog green data signals and then, supplies them to the
corresponding voltage follower circuits 15,, 15, 15, . . .,
and 15..;. The DAC circuit 14, applies the specific y-com-
pensation to the 8-bit blue data DB from the controller
circuit 2 based on the set of the blue scale voltages Vg, to
Vpgs or the set of the blue scale voltages Vg to Vi, from
the MPX circuit 13, thereby giving gradation to the blue
data DB. Moreover, the circuit 14 converts the digital blue
data DB thus compensated to analog blue data signals and
then, supplies them to the corresponding voltage follower
circuits 155, 154, 15, . . . , and 155,.

[0015] The voltage follower circuits 15, to 1555, receive
the corresponding red, green, and blue data signals at high
input impedance and then, they send them to the correspond-
ing data electrodes X1 to Xn at low output impedance as the
sub-pixel data signals D.

[0016] The scanning electrode driver circuit 5 generates
the scanning signals V to be synchronized with the vertical
scanning signal PV sent from the controller circuit 2. Then,
the circuit 5 supplies the scanning signals V thus generated
to the corresponding scanning electrodes Y1 to Ym.

[0017] The controller circuit 2 and the gray scale power
supply circuit 3 are mounted on the printed wiring board
(PWB) 16, as shown in FIG. 4. The ten data electrode driver
circuits 4, to 4,, are respectively mounted on ten carrier
tapes that connect electrically the PWRB 16 to the panel 1,
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thereby forming ten tape carrier packages (TCPs) 17, to
17,,. The PWB 16 is attached to the top of the backlight unit
18, as shown in FIG. 5. The unit 18, which has an approxi-
mately wedge-shaped cross section, is located on the rear
side of the panel 1. The unit 18 comprises a point source of
light (e.g., a white lamp) or a linear source of light (¢.g., a
fluorescent lamp), and an optical diffuser for diffusing the
light from the light source to thereby form a planar light
source. The unit 18 is used to illuminate the back of the
panel 1 uniformly, because the panel 1 itself does not emit
light.

[0018] With the prior-art LCD device of FIG. 1, as shown
in FIG. 6, the polarization reverse signal POL and the
horizontal scanning signal PH, which are outputted from the
controller circuit 2 in parallel, have their active mode
periods at different timings. Specifically, when the horizon-
tal scanning signal PH is in its active mode (i.e., in the logic
high level), the polarization reverse signal POL is not in its
active mode but is in its invalid state. On the other hand,
when the polarization reverse signal POL is in its active
mode, the horizontal scanning signal PH is not in its active
mode.

[0019] The red scale voltages Vi, to Vg,,, which are
supplied from the gray scale power supply circuit 3, are
inputted into the MPX circuit 13, to be synchronized with
the horizontal scanning signal PH. Thereafter, the set of the
red scale voltages Vi, to Vi, or the set of the red scale
voltages Vg, to Vg, are alternately supplied to the DAC
circuit 14, according to the polarization reverse signal POL.
Similarly, the green scale voltages Vg, to V4,5, Which are
supplied from the gray scale power supply circuit 3, are
inputted into the MPX circuit 13, to be synchronized with
the horizontal scanning signal PH. Thereafter, the set of the
green scale voltages V5, to V4 or the set of the green scale
voltages Vg, to Vg, are alternately supplied to the DAC
circuit 14, according to the polarization reverse signal POL.
The blue scale voltages Vg, to Vg5, which are supplied
from the gray scale power supply circuit 3, are inputted into
the MPX circuit 135 to be synchronized with the horizontal
scanning signal PH. Thereafter, the set of the blue scale
voltages Vi, to V. or the set of the blue scale voltages Vg,
to Vgy7 are alternately supplied to the DAC circuit 14,
according to the polarization reverse signal POL.

[0020] The 8-bit red data DR, which are supplied from the
controller circuit 2 and inputted into the DAC circuit 14, are
subjected to the y-compensation in the DAC circuit 14,
based on the set of the red scale voltages Vi, to Vi, or the
set of the red scale voltages Vg to V5, thereby giving the
gradation to the data DR. At the same time as this, the red
data DR are converted to the analog red data signals. The
analog red data signals thus obtained are supplied to the
corresponding voltage follower circuits 15, 15,, 15, . . .,
and 15,4,. Similarly, the 8-bit green data DG, which are
supplied from the controller circuit 2 and inputted into the
DAC circuit 142, are subjected to the y-compensation in the
DAC circuit 14, based on the set of the green scale voltages
Vo to Vg or the set of the green scale voltages Vg, to
Vs14» thereby giving the gradation to the data DG. At the
same time as this, the green data DG are converted to the
analog green data signals. The analog green data signals thus
obtained are supplied to the corresponding voltage follower
circuits 15,, 155,15, . . ., and 15,45. The 8-bit blue data DB,
which are supplied from the controller circuit 2 and inputted
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into the DAC circuit 145, are subjected to the y-compensa-
tion in the DAC circuit 14, based on the set of the blue scale
voltages Vg, to Vg or the set of the blue scale voltages Vo
to Vg, thereby giving the gradation to the data DB. At the
same time as this, the blue data DB are converted to the
analog blue data signals. The analog blue data signals thus
obtained are supplied to the corresponding voltage follower
circuits 155, 15, 15, . . ., and 15,,,.

[0021] The analog red, green, and blue data signals thus
obtained are sent to the corresponding data electrodes X1 to
Xn as the sub-data signals D.

[0022] The vertical scanning signal PV is supplied to the
scanning electrode driver circuit 5 from the controller circuit
2. The scanning signals V are generated and outputted by the
circuit 5 to the scanning electrodes Y1 to Ym to be syn-
chronized with the signal PV. In the panel 1, the sub-pixel
data signals D are respectively supplied to the specific
sub-pixel regions chosen by the scanning signals V, thereby
displaying color images on the screen (not shown) of the
panel 1 according to the sub-pixel data signals D thus
supplied.

[0023] With the above-described prior-art LCD device,
there are the following problems.

[0024] The horizontal and vertical scanning signals PH
and PV, the polarization reverse signal POL, the red, green,
and blue data DR, DG, and DB, the red scale voltages Vy,
to Vy,-, the green scale voltages Vg, to V4, -, and the blue
scale voltages Vg, to Vg, are all transmitted in the voltage
mode. Therefore, if the prior-art LCD device is designed to
be comparatively large, the transmission lines for these
signals or data will be comparatively long. In this case, the
signals or data are likely to be affected by the distributed
constants or parameters (e.g., distributed capacitance, induc-
tance, and resistance) in the transmission lines and thus, the
signals and/or data thus transmitted may have “phase rota-
tion” in their high-frequency regions. As a result, a problem
that the image quality degrades may occur.

[0025] Moreover, since the distributed capacitors of the
transmission lines are charged and discharged responsive to
the voltage change of the respective signals, high-frequency
noises are generated. These noises tend to affect EMI
(Electro-Magnetic Interference) to other electronic equip-
ment. This is another problem.

[0026] Furthermore, each of the horizontal and vertical
scanning signals PH and PV requires a transmission line.
The polarization reverse signal POL requires a transmission
line. The 8-bit red data DR require eight transmission lines.
The 8-bit green data DG require eight transmission lines.
The 8-bit blue data DB require eight transmission lines. The
red scale voltages Vi, to V- require eighteen transmission
lines. The green scale voltages V4, to V5, , require eighteen
transmission lines. The blue scale voltages Vg, to Vg,
require eighteen transmission lines. Therefore, if the PWB
16 and/or the TCPs 17, to 17, are designed to be small in
size, a problem that required transmission lines are difficult
or unable to be formed as desired will occur. Thus, it is
necessary that the count of the transmission lines required is
possibly decreased to cope with the tendency to make the
LCD device more compact.
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SUMMARY OF THE INVENTION

[0027] Accordingly, an object of the present invention is to
provide a LCD device having a decreased number of
required transmission lines, and a method of transmitting
signals in the device.

[0028] Another object of the present invention is to pro-
vide a LCD device that prevents or suppresses the phase
rotation and noises in the high-frequency regions of the
signals to be transmitted in the device, and a method of
transmitting signals in the device.

[0029] Still another object of the present invention is to
provide a LCD device that avoids the EMI to other elec-
tronic equipment, and a method of transmitting signals in the
device.

[0030] The above objects together with others not specifi-
cally. mentioned will become clear to those skilled in the art
from the following description.

[0031] According to a first aspect of the invention, a LCD
device is provided, which comprises:

[0032] a LCD panel having data electrodes for
receiving pixel data signals, scanning electrodes for
receiving scanning signals, and pixel regions located
at intersections of the data electrodes and the scan-
ning electrodes;

[0033] part of the pixel regions being chosen by the
scanning signals;

[0034] the pixel data signals being applied to the part
of the pixel regions, displaying images correspond-
ing to the pixel data signals applied;

[0035] a data electrode driver circuit for receiving an
image input signal to be synchronized with a hori-
zontal scanning signal, for polarization-reversing the
pixel data signals corresponding to the image input
signal based on a polarization reverse signal, and for
transmitting the pixel data signals thus polarization-
reversed to the data electrodes of the panel;

[0036] a scanning electrode driver circuit for trans-
mitting scanning signals to the scanning electrodes
of the panel to be synchronized with a vertical
scanning signal; and

[0037] a controller circuit for outputting the image
input signal, the polarization reverse signal, the
horizontal scanning signal, and the vertical scanning
signal;

[0038] wherein the controller circuit comprises a first
interface circuit for receiving the polarization
reverse signal and the horizontal scanning signal in
parallel in such a way that the polarization reverse
signal and the horizontal scanning signal have their
active mode periods at different timings, for gener-
ating a serial signal from the polarization reverse
signal and the horizontal scanning signal, and for
transmitting the serial signal to the data electrode
driver circuit by way of a transmission line or lines;

[0039] and wherein the data electrode driver circuit
comprises a second interface circuit for regenerating
the polarization reverse signal and the horizontal
scanning signal in parallel from the serial signal.
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[0040] With the LCD device according to the first aspect
of the invention, the first interface circuit is provided in the
controller circuit. The first interface circuit receives the
polarization reverse signal and the horizontal scanning sig-
nal in parallel in such a way that the polarization reverse
signal and the horizontal scanning signal have their active
mode periods at different timings. Further, the first interface
circuit generates the serial signal from the polarization
reverse signal and the horizontal scanning signal, and trans-
mits the serial signal to the data electrode driver circuit by
way of the transmission line or lines.

[0041] Moreover, the second interface circuit is provided
in the data electrode driver circuit. The second interface
circuit regenerates the polarization reverse signal and the
horizontal scanning signal in parallel from the serial signal.

[0042] Accordingly, the total number of required trans-
mission lines can be decreased, which makes it possible to
cope with the tendency of making the LCD device more
compact.

[0043] In a preferred embodiment of the device according
to the first aspect of the invention, the device has a configu-
ration that the serial signal is transmitted in a current mode.
In this embodiment, the serial signal is transmitted in a
current mode and therefore, the phase rotation in the high-
frequency regions of the signals to be transmitted in the
device can be avoided. This means that the quality of images
is improved and at the same time, high-frequency noises can
be reduced and the EMI to other electronic equipment can be
avoided.

[0044] In another preferred embodiment of the device
according to the first aspect of the invention, the first
interface circuit comprises a parallel-to-serial converter cir-
cuit for converting the polarization reverse signal and the
horizontal scanning signal transmitted in parallel to a first
serial signal voltage; and a voltage-to-current converter
circuit for converting the first serial signal voltage to a signal
current. The signal current is outputted to the transmission
line or lines. The second interface circuit comprises a
current-to-voltage converter circuit for converting the signal
current to a second signal voltage; and a serial-to-parallel
converter circuit for converting the second signal voltage to
the polarization reverse signal and the horizontal scanning
signal in parallel.

[0045] Instill another preferred embodiment of the device
according to the first aspect of the invention, the data
electrode driver circuit comprises at least one data electrode
driver section accordong to a count of the data electrodes.

[0046] According to a second aspect of the invention, a
method or transmitting signals in a LOD davion is provided.
comprises:

[0047] a LCD panel having data electrodes for
receiving pixel data signals, scanning electrodes for
receiving scanning signals, and pixel regions located
at intersections of the data electrodes and the scan-
ning electrodes;

[0048] part of the pixel regions being chosen by the
scanning signals;

[0049] the pixel data signals being applied to the part
of the pixel regions, displaying images correspond-
ing to the pixel data signals applied;
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[0050] a data electrode driver circuit for receiving an
image input signal to be synchronized with a hori-
zontal scanning signal, for polarization-reversing the
pixel data signals corresponding to the image input
signal based on a polarization reverse signal, and for
transmitting the pixel data signals thus polarization-
reversed to the data electrodes of the panel;

[0051] a scanning electrode driver circuit for trans-
mitting scanning signals to the scanning electrodes
of the panel to be synchronized with a vertical
scanning signal; and

[0052] a controller circuit for outputting the image
input signal, the polarization reverse signal, the
horizontal scanning signal, and the vertical scanning
signal.

[0053] The controller circuit receives the polarization
reverse signal and the horizontal scanning signal in parallel
in such a way that the polarization reverse signal and the
horizontal scanning signal have their active mode periods at
different timings, generates a serial signal from the polar-
ization reverse signal and the horizontal scanning signal, and
transmits the serial signal to the data electrode driver circuit
by way of a transmission line or lines.

[0054] The data electrode driver circuit regenerates the
polarization reverse signal and the horizontal scanning sig-
nal in parallel from the serial signal.

[0055] With the method of transmitting a signal in a LCD
device according to the second first aspect of the invention,
the controller circuit and the data electrode driver circuit
carry out the same operations as those in the LCD device
according to the first aspect of the invention. Therefore, it is
obvious that the same advantages as those in the device of
the first embodiment are obtainable.

[0056] In apreferred embodiment of the method according
to the second aspect of the invention, the serial signal is
transmitted in a current mode. In this embodiment, the phase
rotation in the high-frequency regions of the signals to be
transmitted in the device can be avoided. This means that the
quality of images is improved and at the same time, high-
frequency noises can be reduced and the EMI to other
electronic equipment can be avoided.

[0057] In another preferred embodiment of the method
according to the second aspect of the invention, the control-
ler circuit conducts a parallel-to-serial conversion step for
converting the polarization reverse signal and the horizontal
scanning signal transmitted in parallel to a first serial signal
voltage; and a voltage-to-current conversion step for con-
verting the first serial signal voltage to a signal current. The
signal current is outputted to the transmission line or lines.
The data electrode converter circuits conducts a current-to-
voltage conversion step for converting the signal current to
a second signal voltage; and a serial-to-parallel conversion
step for converting the second signal voltage to the polar-
ization reverse signal and the horizontal scanning signal in
parallel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0058] In order that the present invention may be readily
carried into effect, it will now be described with reference to
the accompanying drawings.
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[0059] FIG. 1 is a block diagram showing the configura-
tion of an example of the prior-art LCD devices.

[0060] FIG. 2 is a block diagram showing the configura-
tion of the gray scale power supply circuit used in the
prior-art LCD device of FIG. 1.

[0061] FIG. 3 is a block diagram showing the configura-
tion of the data electrode driver section of the data electrode
driver circuit used in the prior-art LCD device of FIG. 1.

[0062] FIG. 4 is a schematic view showing the mounting
state of the data electrode driver sections of the data elec-
trode driver circuit in the prior-art LCD device of FIG. 1.

[0063] FIG. 5 is a schematic view showing the mounting
state of the data electrode driver sections of the data elec-
trode driver circuit, the backlight unit, and the LCD panel in
the prior-art LCD device of FIG. 1.

[0064] FIG. 6 is a timing diagram showing the operation
of the prior-art LCD device of FIG. 1, in which only the
horizontal scanning signal PH and the polarization reverse
signal POL are shown.

[0065] FIG. 7 is a block diagram showing the configura-
tion of a LCD device according to an embodiment of the
invention.

[0066] FIG. 8 is a block diagram showing the configura-
tion of the gray scale power supply circuit used in the LCD
device according to the embodiment of FIG. 7.

[0067] FIG. 9 is a block diagram showing the configura-
tion of the data electrode driver section of the data electrode
driver circuit used in the LCD device according to the
embodiment of FIG. 7.

[0068] FIG. 10 is a schematic block diagram showing the
configuration or the transmitter section (i.e., the first inter-
face circuit) provided in the controller circuit and the
receiver section (i.e., the second interface circuit) provided
in the data electrode driver circuit used in the LCD device
according to the embodiment of FIG. 7.

[0069] FIG. 11 is a timing diagram showing the operation
of the LCD device according to the embodiment of FIG. 7,
in which the serially transmitted, current-mode signal
PH/POL is shown, in addition to the horizontal scanning
signal PH and the polarization reverse signal POL.

[0070] FIG. 12 is a schematic circuit diagram of the
transmitter section provided in the controller circuit of the
LCD device according to the embodiment of FIG. 7, which
is used for converting the vertical scanning signal PV in the
voltage mode to the current mode.

[0071] FIG. 13 is a schematic circuit diagram of the
receiver section provided in the data electrode driver circuit
of the LCD device according to the embodiment of FIG. 7,
which is used for converting the red, green, and blue data in
the current mode to the voltage mode.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0072] Preferred embodiments of the present invention
will be described in detail below while referring to the
drawings attached.
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[0073] FIG. 7 shows the circuit configuration of a LCD
device according to an embodiment of the invention. This
device comprises a LCD panel 20, a controller circuit 30, a
gray scale power supply circuit 40, a data electrode driver
circuit 50, and a scanning electrode driver circuit 60.

[0074] The LCD panel 20 includes a color filter for
generating color images by dividing each pixel to a sub-
pixel of red (R), a sub-pixel of green (G), and a sub-pixel of
blue (B). The panel 20 further includes n data electrodes X1
to Xn (n: a positive integer greater than 2) to be applied with
corresponding sub-pixel data signals D, m scanning elec-
trodes Y1 to Ym (m: a positive integer greater than 2) to be
applied with corresponding scanning signals V, and sub-
pixel regions (not shown) formed at the respective intersec-
tions of the data electrodes X1 to Xn and the scanning
electrodes Y1 to Ym. The specific sub-pixel regions chosen
by the scanning signals V are applied with the corresponding
sub-pixel data signals D, thereby displaying color images on
the screen (not shown) of the panel 20 according to the
signals D.

[0075] The controller circuit 30, which is formed by, for
example, an ASIC, supplies 8-bit red data DR, 8-bit green
data DG, and 8-bit blue data DB in the current mode to the
data electrode driver circuit 50. These data DR, DG, and DB
are supplied to the circuit 30 from the outside of the LCD
device. The circuit 30 generates a horizontal scanning signal
PH, a vertical scanning signal PV, and a polarization reverse
signal POL, based on a horizontal synchronization signal SH
and a vertical synchronization signal SV, and so on supplied
from the outside of the LCD device. The polarization reverse
signal POL is used for AC driving the panel 20 at a specific
period (e.g., the period of the R, G, and B sub-pixels). The
circuit 30 supplies the horizontal scanning signal PH and the
polarization reverse signal POL thus generated to the data
electrode driver circuit 50 in the current mode in the form of
the serial signal PH/POL. At the same time, the circuit 30
supplies the vertical scanning signal PV thus generated to
the scanning electrode driver circuit 60 in the current mode.
Moreover, the circuit 30 supplies a red scale voltage data
DGR, a green scale voltage data DGG, and a blue scale
voltage data DGB to the gray scale power supply circuit 40,
which are used for giving desired gradation to the data DR,
DG, and DB through y compensation, respectively.

[0076] The gray scale power supply circuit 40 comprises
three DAC circuits 41,, 41,, and 41, and 54 transmitter
circuits 42, to 425,, as shown in FIG. 8.

[0077] The DAC circuit 41, converts the digital red scale
voltage data DGR to analog red scale voltages Vi, to Vg5
and then, the circuit 41, supplies the analog voltages Vg, to
Vg~ to the transmitter circuits 42, to 42,4, respectively.
Similarly, the DAC circuit 41, converts the digital green
scale voltage data DGG to analog green scale voltages Vg,
to V4~ and then, the circuit 41, supplies the analog voltages
Vg0 to Vg5 to the transmitter circuits 42,4 to 425, respec-
tively. The DAC circuit 41, converts the digital blue scale
voltage data DGB to analog blue scale voltages Vi, to Vg,
and then, the circuit 415 supplies the analog voltages Vg, to
V.- to the transmitter circuits 42, to 42, respectively.
The analog red scale voltages Vi, to Vg -, the analog green
scale voltages Vg, to V5,4, and the analog blue scale
voltages Vg, to Vg, are used for y-compensation to the red
data DR, green data DG, and blue data DB, respectively.
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[0078] The transmitter circuits 42, to 42, receive the
analog red scale voltages Viq to Vg, at high input imped-
ance, respectively, and convert them to analog red scale
currents Iz, to Iz, -, respectively. Thereafter, the circuits 42,
to 42, output the analog red scale currents Iz, to Iz, thus
obtained to the data electrode driver circuit 50 at low output
impedance. Similarly, the transmitter circuits 42, to 42,
receive the analog green scale voltages Vg, to V545 at high
input impedance, respectively, and convert them to analog
green scale currents I 5, to I 5,5, respectively. Thereafter, the
transmitter circuits 42, to 42, output the analog green scale
currents I 5, to I, thus obtained to the data electrode driver
circuit 50 at low output impedance. The transmitter circuits
42 to 42, receive the analog blue scale voltages Vg, to
VB, at high input impedance, respectively, and convert them
to analog blue scale Currents I, to V., respectively.
Thereafter, the transmitter circuits 425, to 425, output the
analog blue scale currents I, to I, thus obtained to the
data electrode driver circuit 50 at low output impedance.

[0079] The data electrode driver circuit 50 comprises k (k:
a natural number) data electrode driver sections 50, to 50,.
Each of the sections 50, to 50, converts the red, green, or
blue data DR, DG, or DB supplied from the controller circuit
30 in the current mode to the voltage mode and then, the
circuit 50 applies the specific y-compensation to the red,
green, and blue data DR, DG, or DB thus converted based
on the red, green, and blue scale currents I, to Ig;4, [5o to
I5:7, Igo to lg;,, respectively, thereby giving gradation
thereto. Then, the circuit 50 converts the red, green, and blue
data DR, DG, and/or DB thus converted and compensated to
384 sub-pixel data signals D and then, outputs the signals D
to the data electrodes X1 to Xn on the panel 20.

[0080] For example, if the panel 20 is designed for the
SXGA resolution or mode and has 1280 pixels (horizontal)x
1024 pixels (vertical) in total, the count of the sub-pixels is
3840 pixels (horizontal)x1024 pixels (vertical), because
each pixel is formed by a red sub-pixel, a green sub-pixel,
and a blue sub-pixel. Here, (3840 pixels)/(384 data signals)=
10 (pixels/data signal) . Thus, the total number of the data
electrode driver sections is 10; i.e., k=10. This means that
the data electrode driver circuit 50 comprises 10 data
electrode driver sections 50,, to 50,,. The following expla-
nation is made under the condition described here.

[0081] The data electrode driver sections 50, to 50, have
the same circuit configuration as each other except for the
suffixes of the respective elements and the respective sig-
nals. Thus, only the section 50, is explained below.

[0082] The data electrode driver section 50, of the data
electrode driver circuit 50 comprises a receiver (i.e., [-V
converter) section 75, three MPX circuits 51, to 51, three
8-bit DAC circuits 52, to 525, and 384 voltage follower
circuits 53, to 53,5,, as shown in FIG. 9.

[0083] The receiver section 75 receives the red, green, and
blue scale currents I, to Iz, Igo t0 115, and Iy to I 4
from the gray scale power supply circuit 40, and converts
them to red scale voltages Vz, to Vz,5, red green voltages
Vso to Vg1, and blue scale voltages Vi, to Vg, -, respec-
tively.

[0084] The MPX circuit 51, receives the red scale voltages
Vgo t0 Vg;- and then, alternately supplies the set of the red
scale voltages Vi, to Vi, or the set of the red scale voltages
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V,, to Vg, to the DAC circuit 52, according to the polar-
ization reverse signal POL from the controller circuit 30.
Similarly, the MPX circuit 51, receives the green scale
voltages V4, to V4,5 and then, alternately supplies the set of
the green scale voltages Vg, to Vg, or the set of the green
scale voltages Vg to Y, to the DAC circuit 52, according
to the polarization reverse signal POL. The MPX circuit 51,
receives the blue scale voltages Vgy to Vg5 and then,
alternately supplies the set of the blue scale voltages Vg, to
Vpge or the set of the blue scale voltages Vg to Vg, to the
DAC circuit 525 according to the polarization reverse signal
POL.

[0085] The DAC circuit 52, applies the specific y-com-
pensation to the 8-bit red data DR from the controller circuit
30 based on the set of the red scale voltages Vg, to Vi, or
the set of the red scale voltages Vi to Vi, from the MPX
circuit 51,, thereby giving gradation to the red data DR.
Moreover, the circuit 52, converts the digital red data DR
thus compensated to analog red data signals and then,
supplies them to the corresponding voltage follower circuits
53,,53,,53,, ..., and 53,,,. Similarly, the DAC circuit 52,
applies the specific y-compensation to the 8-bit green data
DG from the controller circuit 30 based on the set of the
green scale voltages V5, 10 V54 or the set of the green scale
voltages Vg, to Vg5 from the MPX circuit 51,, thereby
giving gradation to the green data DR. Moreover, the circuit
52, converts the digital green data DG thus compensated to
analog green data signals and then, supplies them to the
corresponding voltage follower circuits 53,, 53, 53, . . .,
and 53,45. The DAC circuit 52, applies the specific y-com-
pensation to the 8-bit blue data DB from the controller
circuit 30 based on the set of the blue scale voltages Vy, to
Vpge or the set of the blue scale voltages Vo to Vg, from
the MPX circuit 51, thereby giving gradation to the blue
data DB. Moreover, the circuit 525 converts the digital blue
data DB thus compensated to analog blue data signals and
then, supplies them to the corresponding voltage follower
circuits 535, 53, 53,, . . ., and 53,,,.

[0086] The voltage follower circuits 53, to 53,4, receive
the corresponding red, green, and blue data signals supplied
from the DAC circuit 52,, 52,, and 52; at high input
impedance and then, they send them to the corresponding
data electrodes X1 to Xn on the panel 20 at low output
impedance as the sub-pixel data signals D.

[0087] The scanning electrode driver circuit 60 generates
the scanning signals V to be synchronized with the vertical
scanning signal PV sent from the controller circuit 2. Then,
the circuit 60 supplies the scanning signals V thus generated
to the corresponding scanning electrodes Y1 to Ym on the
panel 20.

[0088] FIG. 10 shows an example of the circuit configu-
ration of a transmitter section 31 provided in the controller
circuit 30 and a receiver section 71 provided in the data
electrode driver circuit 50. The transmitter section 31 serves
as the “first interface circuit” and the receiver section 71
serves as the “second interface circuit”, which are used to
electrically interconnect the controller circuit 30 with the
data electrode driver circuit 50.

[0089] As shown in FIG. 10, the transmitter section 31
comprises a two-input OR circuit 32, two inverter circuits 33
and 34, and two n-channel MOSFETs (Metal-Oxide-Semi-
conductor Field-Effect Transistors) 35 and 36. The OR
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circuit 32, which serves as the parallel-to-serial (P-S) con-
verter, receives the horizontal scanning signal PH and the
polarization reverse signal POL and outputs a first signal
voltage (PH/POL)«,o;. The first signal voltage (PH/POL-
Jvor includes the serially arranged pulses of the signals PH
and POL. The set of the inverter circuits 33 and 34 and the
MOSFETs 35 and 36, which serves as the voltage-to-current
(V-I) converter, converts the first signal voltage (PH/POL-
Yvor, to a signal current (PH/POL) ¢, and a signal current
(PH/POL)yr». These two signal currents (PH/POL)cyx,
and (PH/POL) g, Vary complimentarily to each other. The
transmitter section 31 is electrically connected to the
receiver section 71 by way of transmission lines 80. The
signal currents (PH/POL)yg; and (PH/POL)<yx- are com-
plimentarily flown from the transmitter section 31 to the
receiver section 71 and vice versa by way of the correspond-
ing lines 80.

[0090] The polarity of the first signal voltage (PH/POL-
Jvor I8 inverted by the inverter 33 to output the signal U. The
signal U is then inverted by the inverter 34 to output the
signal W. The signals U and W are respectively applied to
the gates of the MOSFETs 35 and 36, thereby turning on or
off the MOSFETs 35 and 36 complimentarily. As a result,
the complementary signal currents (PH/POL)ryr; and (PH/
POL) g, are generated.

[0091] The receiver section 71 comprises a current-to-
voltage (I-V) converter circuit 72 and a serial-to-parallel
(S-P) converter circuit 73, as shown in FIG. 10. “Vp”
denotes the power supply voltage. The [-V converter circuit
72 converts the complementary signal currents (PH/POL-
Yeur: and (PH/POL) g, transmitted by way of the lines 80
to a second signal voltage (PH/POL)',o; - The S-P converter
circuit 73 converts the second signal voltage (PH/POL)'v o1
to the horizontal scanning signal PH and the polarization
reverse signal POL, which are outputted from the circuit 73
in parallel.

[0092] As shown in FIG. 7, the controller circuit 30
comprises a transmitter section 37 for the horizontal scan-
ning signal PV and a transmitter section 38 for red, green,
and blue data DR, DG, and DB. The transmitter section 37
converts the horizontal scanning signal PV in the voltage
mode (i.e., (PV)yq1) to the current mode (i.e., (PV) gy and
(PV)cur») and then, transmits the same to the scanning
electrode driver circuit 60. The transmitter section 37 has the
circuit configuration shown in FIG. 12, which is the same as
the configuration obtained by eliminating the OR circuit 32
from the transmitter section 31 for the signals PH and POL
shown in FIG. 10. On the other hand, the transmitter section
38 converts the red, green, and blue data DR, DG, and DB
in the voltage mode to the current mode and then, transmits
the same to the data electrode driver circuit 50. The trans-
mitter section 38 has the same circuit configuration as shown
in FIG. 12 for each of the data DR, DG, and DB.

[0093] The data electrode driver circuit 50 comprises a
receiver section 74 for the red, green, and blue data DR, DG,
and DB and a receiver section 75 for the red, green, and blue
scale currents Iz, to Ix;-, [0 to I545, and Iy, to I5,5. The
receiver section 74 converts the red, green, and blue data
DR, DG, and DB in the current mode (i.e., (DR)cpyrs
(DG)cygr, and (DBR) ~ygr) to the voltage mode (ie.,
(DR)vor, (DG) vor, and (DBR) yp), respectively, and
then, transmits the same to the data electrodes X1 to Xn on
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the panel 20. The receiver section 74 has the circuit con-
figuration shown in FIG. 13, which is the same as the
configuration obtained by eliminating the S-P converter 73
from the receiver section 71 for the signals PH and POL (see
FIG. 10). On the other hand, the receiver section 75 converts
the red, green, and blue scale currents Iy, to I z;-, 150 to 15,5,
and I, to I, to the voltage mode. The receiver section 75
has substantially the same circuit configuration as shown in
FIG. 13.

[0094] FIG. 11 shows the timing diagram for explaining
the operation of the LCD device of the embodiment of FIG.
7. The method of signal transmission in the embodiment is
described below with reference to FIGS. 10 and 11.

[0095] Inthe LCD device of the embodiment of FIG. 7, as
shown in FIG. 11, the polarization reverse signal POL and
the horizontal scanning signal PH have their active mode
periods at different timings. Specifically, when the horizon-
tal scanning signal PH is in its active mode (i.e., in the logic
high level), the polarization reverse signal POL is not in its
active mode but is in its invalid state. On the other hand,
when the polarization reverse signal POL is in its active
mode, the horizontal scanning signal PH is not in its active
mode.

[0096] The polarization reverse signal POL and the hori-
zontal scanning signal PH, which are generated in parallel in
the controller circuit 30, are converted to the first voltage
signal (PH/POL)«,; by the OR circuit 32 in the transmitter
section 31, which includes the pulses of the signals POL and
PH arranged in series. This is the parallel-to-serial conver-
sion process. The first voltage signal (PH/POL)y,; is then
converted to the current signals (PH/POL)~yg, and (PH/
POL)cyr» by the V-I converter (which is formed by the
inverters 33 and 34 and the MOSFETs 35 and 36) in the
transmitter section 31. This is the voltage-to-current con-
version process. Thereafter, the complementary current sig-
nals (PH/POL).yg, and (PH/POL) yg- thus obtained are
transmitted to the receiver section 71 of the data electrode
driver circuit 50 by way of the transmission lines 80.

[0097] In the receiver section 71, the current signals
(PH/POL)__ and (PH/POL)x, are Converted to the sec-
ond voltage signal (PH/POL)'y,o; by the I-V converter 72.
This is the current-to-voltage conversion process. Thereaf-
ter, the second voltage signal (PH/POL)'y,o; 1s converted to
the polarization reverse signal POL and the horizontal
scanning signal PH in parallel by the S-P converter 73. This
is the serial-to-parallel conversion process.

[0098] As shown in FIG. 9, the red scale currents I, to
Ix,5, which are supplied from the gray scale power supply
circuit 40, are converted to the voltage mode (i.e., Vi, to
Vxi-) by the receiver section 75 of the data electrode driver
circuit 50. Then, they are inputted into the MPX circuit 51,
to be synchronized with the horizontal scanning signal PH.
Thereafter, the set of the red scale voltages Vi, to Vi or the
set of the red scale voltages Vg to Vi, are alternately
supplied to the DAC circuit 52, according to the polarization
reverse signal POL. Similarly, the green scale currents I, to
I1-> which are supplied from the gray scale power supply
circuit 40, are converted to the voltage mode (i.e., Vg4, to
V17) by the receiver section 75 of the circuit 50. Then, they
are inputted into the MPX circuit 51, to be synchronized
with the horizontal scanning signal PH. Thereafter, the set of
the green scale voltages Vg, to Vg or the set of the green
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scale voltages Vo to Vg, are alternately supplied to the
DAC circuit 52, according to the polarization reverse signal
POL. The blue scale currents Iy, to Iz, which are supplied
from the gray scale power supply circuit 40, are converted
to the voltage mode (i.e., Vg, to Vg,5) by the receiver
section 75 of the circuit 50. Then, they are inputted into the
MPX circuit 515 to be synchronized with the horizontal
scanning signal PH. Thereafter, the set of the blue scale
voltages Vg, to Vg, or the set of the blue scale voltages Vg,
to Vg;, are alternately supplied to the DAC circuit 52,
according to the polarization reverse signal POL.

[0099] The 8-bit red data DR, which are supplied from the
controller circuit 30 and inputted into the DAC circuit 521,
are subjected to the y-compensation based on the set of the
red scale voltages Vi, to Vyg or the set of the red scale
voltages Vi to Vi, thereby giving the gradation to the
data DR. At the same time as this, the red data DR are
converted to the analog red data signals. The analog red data
signals thus obtained are supplied to the corresponding
voltage follower circuits 53, 53,, 53, . . ., and 53.,,.
Similarly, the 8-bit green data DG, which are supplied from
the controller circuit 30 and inputted into the DAC circuit
52,, are subjected to the y-compensation based on the set of
the green scale voltages Vg to Vgg or the set of the green
scale voltages Vo to Vg, -, thereby giving the gradation to
the data DG. At the same time as this, the green data DG are
converted to the analog green data signals. The analog green
data signals thus obtained are supplied to the corresponding
voltage follower circuits 53,, 535, 53, . . ., and 53,45. The
8-bit blue data DB, which are supplied from the controller
circuit 30 and inputted into the DAC circuit 52, are sub-
jected to the y-compensation based on the set of the blue
scale voltages Vg, to Vg or the set of the blue scale voltages
Vgo t0 Vg5, thereby giving the gradation to the data DB. At
the same time as this, the blue data DB are converted to the
analog blue data signals. The analog blue data signals thus
obtained are supplied to the corresponding voltage follower
circuits 535, 53, 53, . . ., and 53,,,.

[0100] The analog red, green, and blue data signals thus
obtained are sent to the corresponding data electrodes X1 to
Xn as the sub-data signals D.

[0101] The vertical scanning signal PV is supplied to the
scanning electrode driver circuit 60 from the controller
circuit 30. The scanning signals V are generated and out-
putted by the circuit 60 to the scanning electrodes Y1 to Ym
to be synchronized with the signal PV. In the panel 20, the
sub-pixel data signals D are respectively supplied to the
specific sub-pixel regions chosen by the scanning signals V,
thereby displaying desired color images on the screen (not
shown) of the panel 20 according to the sub-pixel data
signals D thus supplied.

[0102] With the above-described LCD device according to
the embodiment of the invention, the horizontal and vertical
scanning signals PH and PV, the polarization reverse signal
POL, the red, green, and blue data DR, DG, and DB, and the
red, green, and blue scale voltages Vo to V14, Vo 10 Vg17s
and Vg, to Vg, are all converted to the current mode and
then, they are transmitted by way of the transmission lines
80. Therefore, the phase rotation in the high-frequency
regions of the signals to be transmitted in the device are
prevented or suppressed effectively, which improves the
quality of images on the screen of the panel 20. Moreover,
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high-frequency noises are suppressed and thus, the EMI to
other electronic equipment can be avoided.

[0103] Furthermore, the horizontal scanning signal PH
and the polarization reverse signal POL are transmitted
serially in the current mode to the data electrode driver
circuit 50 by way of the common transmission lines. There-
fore, the total number of required transmission lines is
reduced. This means that the device of the embodiment can
cope with the tendency to make the device itself more
compact.

VARIATIONS

[0104] Needless to say, the present invention is not limited
to the above-described embodiment, because this embodi-
ment is a preferred example of the invention. Any change or
modification may be added to them within the spirit of the
invention.

[0105] For example, the period for AC driving the LCD
panel 20 may be set to be equal to one frame period or the
period of the specific horizontal lines. The circuit configu-
ration of the transmitter section 31 of the controller circuit
30 may be optionally changed if it has a function of
converting the signal voltage (PH/POL) to the current mode.

[0106] While the preferred forms of the present invention
have been described, it is to be understood that modifications
will be apparent to those skilled in the art without departing
from the spirit of the invention. The scope of the present
invention, therefore, is to be determined solely by the
following claims.

What is claimed is:
1. A liquid-crystal display (LCD) device comprising:

a LCD panel having data electrodes for receiving pixel
data signals, scanning electrodes for receiving scanning
signals, and pixel regions located at intersections of the
data electrodes and the scanning electrodes;

part of the pixel regions being chosen by the scanning
signals;

the pixel data signals being applied to the part of the
pixel regions, displaying images corresponding to
the pixel data signals applied;

a data electrode driver circuit for receiving an image input
signal to be synchronized with a horizontal scanning
signal, for polarization-reversing the pixel data signals
corresponding to the image input signal based on a
polarization reverse signal, and for transmitting the
pixel data signals thus polarization-reversed to the data
electrodes of the panel,

a scanning electrode driver circuit for transmitting scan-
ning signals to the scanning electrodes of the panel to
be synchronized with a vertical scanning signal; and

a controller circuit for outputting the image input signal,
the polarization reverse signal, the horizontal scanning
signal, and the vertical scanning signal,

wherein the controller circuit comprises a first interface
circuit for receiving the polarization reverse signal and
the horizontal scanning signal in parallel in such a way
that the polarization reverse signal and the horizontal
scanning signal have their active mode periods at
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different timings, for generating a serial signal from the
polarization reverse signal and the horizontal scanning
signal, and for transmitting the serial signal to the data
electrode driver circuit by way of a transmission line or
lines;

and wherein the data electrode driver circuit comprises a
second interface circuit for regenerating the polariza-
tion reverse signal and the horizontal scanning signal in
parallel from the serial signal.

2. The device according to claim 1, wherein the device has

a configuration that the serial signal is transmitted in a
current mode.

3. The device according to claim 1, wherein the first
interface circuit comprises a parallel-to-serial converter cir-
cuit for converting the polarization reverse signal and the
horizontal scanning signal transmitted in parallel to a first
serial signal voltage; and a voltage-to-current converter
circuit for converting the first serial signal voltage to a signal
current;

the signal current being outputted to the transmission line
or lines;

and wherein the second interface circuit comprises a
current-to-voltage converter circuit for converting the
signal current to a second signal voltage; and a serial-
to-parallel converter circuit for converting the second
signal voltage to the polarization reverse signal and the
horizontal scanning signal in parallel.

4. The device according to claim 1, wherein the data
electrode driver circuit comprises at least one data electrode
driver section according to a count of the data electrodes

5. A method of transmitting signals in a liquid-crystal
display (LCD) device;

the device comprising:

a LCD panel having data electrodes for receiving pixel
data signals, scanning electrodes for receiving scanning
signals, and pixel regions located at intersections of the
data electrodes and the scanning electrodes;

part of the pixel regions being chosen by the scanning
signals;

the pixel data signals being applied to the part of the
pixel regions, displaying images corresponding to

the pixel data signals applied;
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a data electrode driver circuit for receiving an image input
signal to be synchronized with a horizontal scanning
signal, for polarization-reversing the pixel data signals
corresponding to the image input signal based on a
polarization reverse signal, and for transmitting the
pixel data signals thus polarization-reversed to the data
electrodes of the panel,;

a scanning electrode driver circuit for transmitting scan-
ning signals to the scanning electrodes of the panel to
be synchronized with a vertical scanning signal; and

a controller circuit for outputting the image input signal,
the polarization reverse signal, the horizontal scanning
signal, and the vertical scanning signal,

the method comprising the steps of;

in the controller circuit, receiving the polarization reverse
signal and the horizontal scanning signal in parallel in
such a way that the polarization reverse signal and the
horizontal scanning signal have their active mode peri-
ods at different timings; generating a serial signal from
the polarization reverse signal and the horizontal scan-
ning signal; and transmitting the serial signal to the data
electrode driver circuit by way of a transmission line or
lines; and

in the data electrode driver circuit, regenerating the polar-
ization reverse signal and the horizontal scanning sig-
nal in parallel from the serial signal.

6. The method according to claim 5, wherein the serial
signal is transmitted in a current mode.

7. The method according to claim 5, wherein the control-
ler circuit conducts a parallel-to-serial conversion step for
converting the polarization reverse signal and the horizontal
scanning signal transmitted in parallel to a first serial signal
voltage; and a voltage-to-current conversion step for con-
verting the first serial signal voltage to a signal current;

the signal current being outputted to the transmission line
or lines;

and wherein the data electrode converter circuits conducts
a current-to-voltage conversion step for converting the
signal current to a second signal voltage; and a serial-
to-parallel conversion step for converting the second
signal voltage to the polarization reverse signal and the
horizontal scanning signal in parallel.
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