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LIQUID CRYSTAL DISPLAY PANEL DRIVE
CIRCUIT AND LIQUID CRYSTAL DISPLAY
APPARATUS HAVING TWO SAMPLE/HOLD
CIRCUITS COUPLED TO EACH SIGNAL
LINE

BACKGROUND OF THE INVENTION

The present invention relates to a drive circuit for a liquid
crystal display apparatus of active matrix type, or more in
particular to a liquid crystal display apparatus having a drive
circuit formed on the same substrate as an active matrix
substrate.

The liquid crystal display apparatus of active matrix type
comprises a display unit formed with a transistor at each
intersection of a plurality of signal lines and scanning lines
arranged orthogonally to each other and a drive circuit unit
for controlling the voltages of the signal lines and the
scanning lines. The transistors used for the display unit
include an amorphous silicon (a-Si) thin-film transistor
(TFT), a poly-silicon (p-Si) thin film transistor, and a
single-crystal silicon MOS (Metal-Oxide Semiconductor)
transistor. The a-Si TFT is formed on a glass substrate, and
as a drive circuit thereof, a single-crystal silicon integrated
circuit is mounted externally. The p-Si TFT is either a
high-temperature p-Si TFT formed on a quartz substrate or
a low-temperature p-Si TFT formed on a glass substrate. The
drive circuit for the liquid crystal display apparatus using the
p-Si TFT is formed on the same substrate as the display unit.
The amorphous silicon TFT or the low-temperature p-Si
TFT formed on the glass substrate can realize a large size
screen, while a quartz substrate or a single-crystal silicon
substrate is limited to a screen of small or medium size.

The configuration and the operation of the liquid crystal
display apparatus of active matrix type will be described in
more detail.

Each of the transistors of the display unit has a gate
connected to a scanning line, a drain to a signal line and a
source to a display electrode. Another substrate formed with
a transparent electrode on one surface thereof is arranged in
opposed relation to the display electrode, and the liquid
crystal is held between the display electrode and the opposed
substrate. Normally, the display electrode is connected with
a holding capacitor, and therefore the holding capacitor and
a liquid crystal capacitor are connected in parallel to the
source electrode. When the gate electrode enters a select
mode, the transistor turns on, and writes the video signal
from the signal line into the liquid crystal capacitor and the
holding capacitor. When the gate electrode turns to a non-
select mode, on the other hand, the transistor comes to
assume a high impedance, and holds the video signal written
in the liquid crystal.

The drive circuit unit includes a scanning circuit for
controlling the voltage on the scanning line and a signal
circuit for controlling the voltage on the signal line. The
scanning circuit applies a scan pulse once per frame time to
each scanning line. Normally, this pulse timing is differen-
tiated sequentially downward of the panel. One frame time
of Yso second is often used. A panel having a typical pixel
array of 1024x768 dots is scanned 768 times per frame time,
and therefore the time width of the scan pulse is about 20 us.
This scanning circuit is normally configured with a shift
register which has an operating speed of about 50 kHz.

On the other hand, the signal circuit supplies each signal
line with a liquid crystal drive voltage corresponding to the
pixels for one line applied with the scan pulse. In the
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selected pixels applied with the scan pulse, the voltage of the
gate electrode of the transistor connected to the scanning
line increases and turns on the transistor. In the process, the
liquid crystal drive voltage is applied to the liquid crystal
through the drain and the source of the transistor from the
signal line, thereby charging the pixel capacitor including
the liquid crystal capacitor and the holding capacitor. By
repeating this process of operation, a voltage corresponding
to the repetitive video signal is applied to the pixel capaci-
tors over the whole surface of the panel for each frame time.

In the case of analog system, the signal circuit for driving
the signal line is configured with a shift register and a
sample/hold circuit. The shift register generates a timing for
the sample/hold circuit corresponding to each pixel. In the
sample/hold circuit, the video signal corresponding to each
pixel is sampled at this timing, and the liquid crystal drive
voltage is supplied to each signal line. This driving method
can be realized with a simple circuit configuration including
a shift register for generating a timing and a sample/hold
circuit for sampling the video signal. This driving method,
therefore, is used primarily for a liquid crystal display panel
integrated with a drive circuit.

In the aforementioned pixel configuration, the shift reg-
ister of the signal circuit generates 1024 timing pulses with
a time width of the scan pulse of the scanning circuit. As a
result, the time interval of the timings of the shift register is
not more than 20 ns, and therefore this shift register requires
an operating speed of not less than 50 MHz. The sample/
hold circuit is required to sample the video signal with this
short timing. In the liquid crystal display apparatus inte-
grated with the drive circuit, the sampling time is lengthened
by dividing the video signal into a plurality of portions and
inputting them in parallel. For this purpose, a signal con-
version circuit is required in which a high-speed video signal
is split into a plurality of video signals by sampling and the
signals thus split are amplified and converted into an alter-
nating current.

In the digital system, on the other hand, the signal circuit
for driving the signal lines includes a shift register, a
two-stage latch circuit, and a digital-to-analog converter
(hereinafter referred to as D/A converter). The video signals
sequentially input in digital form are stored in the latch
circuit corresponding to each signal line by the shift register
and the two-stage latch circuit. The D/A converter converts
this data into an analog voltage and thus supplies the liquid
crystal drive voltage to each signal line.

The number of bits for the latch circuit and the D/A
converter of this system is determined by the gradation to be
displayed, and is 8 in the case where 256 tones of each color
is required for full-color display. In the pixel configuration
described above, a latch circuit of 16384 bits (8 bitsx2x
1024) and 1024 8-bit D/A converters are required. In the
D/A converter for each signal line, the reference voltage is
selected by switch in order to reduce variations. In this
digital system, the video signal is a digital signal, and
therefore the S/N (signal-to-noise) ratio can be prevented
from deteriorating at the time of signal transmission.

In both the analog system and the digital system described
above, the signal line is required to be driven with an
accurate voltage for displaying a high-quality image. The
signal line is a capacitive load, the capacitance of which is
determined by the capacitance between the drain and gate of
the transistor making up the display unit, the crossing
capacitance between the signal line and the scanning line
and the capacitance between the signal line and the trans-
parent electrode of the opposed substrate. The capacitance of
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the capacitive load of the signal line, therefore, increases
with the size of the display unit and the number of pixels
making it up. In the a-Si TFT capable of realizing a
large-sized display apparatus, therefore, a buffer amplifier
for driving the capacitive load of the signal line is used as an
external drive circuit configured with an integrated circuit.
With this drive technique using the buffer amplifier, the
offset voltage is required to be reduced with the capacitance
drivability. This can be achieved by either a method using a
differential amplifier circuit or a method using a source-
follower amplifier circuit.

A method using a differential amplifier circuit is
described, for example, in JP-A-5-297830. This method is
an application to a signal line drive circuit of analog type and
performs the function of a sample/hold circuit at the same
time. This signal line drive circuit includes a differential
amplifier circuit, and a capacitor and a switch for holding the
voltage and offset correction. The offset voltage of the
differential amplifier circuit is corrected by holding the
offset voltage in a capacitor.

A method using a source-follower amplifier circuit, on the
other hand, is described in U.S. Pat. No. 5,266,936, for
example. This is used for a digital signal line drive circuit,
and is arranged at the output of a D/A converter for each
signal line. This circuit includes a source-follower circuit, a
voltage holding circuit, a comparator circuit and a ramp
voltage circuit. The source-follower circuit is driven by the
ramp voltage circuit through the voltage holding circuit, and
the voltage holding circuit is rendered in a hold condition by
assuring that the output voltage of the source-follower
circuit is coincident with the input voltage of the comparator
circuit.

SUMMARY OF THE INVENTION

A drive circuit for an a-Si TFT which can realize a
large-sized display apparatus is a single-crystal Si integrated
circuit provided externally. Under the circumstance, this
drive circuit is provided for each set of about 300 signal lines
in order to keep the occupied area of the integrated circuit in
a practical range. In similar fashion, for a low-temperature
p-Si TEFT capable of realizing a large-sized display
apparatus, the drive circuits of all the signal lines for display
are required to be formed on the same substrate. The number
of signal lines is 1024 in the aforementioned case. Three
times as many signal lines, i.e. 3072 signal lines are required
for color display.

As described above, in the liquid crystal display apparatus
integrated with a drive circuit, the signal lines about ten
times as many as those driven by the conventional single-
crystal Si integrated circuit are required. In the prior art,
therefore, the area occupied by circuits on the substrate is
increased for the signal line drive circuit. This makes it
difficult to use the drive circuit for the liquid crystal drive
unit integrated with a drive circuit.

An object of the present invention is to provide a liquid
crystal display apparatus capable of reducing the area occu-
pied by the drive circuit in the circuits of the liquid crystal
display apparatus integrated with the drive circuit.

Aunother object of the invention is to provide a large-sized
liquid crystal display apparatus integrated with a drive
circuit.

The technical measures for achieving the objects
described above will be explained below.

According to a first aspect of the invention, there is
provided a drive circuit for a liquid crystal display panel
comprising sample/hold circuits sampling an input voltage
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4

at a predetermined timing, comparator circuits comparing
the output of the sample/hold circuit with the voltage on a
signal line, switches controlling the output voltage of the
signal line, voltage supply means for supplying a voltage to
the switch, and control circuits controlling the switch by the
output of the comparator circuits.

According to a second aspect of the invention, there is
provided a liquid crystal display panel drive circuit adapted
to assume a positive status in which the input voltage
changes in the same polarity as the video signal and a
negative status in which the input voltage changes in the
opposite polarity to the video signal, the drive circuit com-
prising a first drive circuit operated by a positive input
voltage and a second drive circuit operated by a negative
input voltage.

According to a third aspect of the invention, there is
provided a liquid crystal display panel drive circuit of the
second aspect, in which the first drive circuit includes a
N-type transistor as a switch, and the second drive circuit
includes a P-type transistor as a switch.

According to a fourth aspect of the invention, there is
provided a liquid crystal display panel drive circuit of the
second aspect, in which the operation of the drive circuit is
divided into a sampling period when the input voltage is
sampled and an output drive period when the voltage on the
signal line is driven, the first drive circuit having a sampling
period and an output drive period different from the second
drive circuit.

According to a fifth aspect of the invention, there is
provided a liquid crystal display panel drive circuit of the
first or second aspect, in which a logic circuit of inverter type
is used as the sample/hold circuit and the comparator circuit.

According to a sixth aspect of the invention, there is
provided a liquid crystal display panel drive circuit of the
second aspect, in which a positive ramp voltage is used for
the voltage supply means of the first drive circuit, and a
negative ramp voltage is used for the voltage supply means
of the second drive circuit.

According to a seventh aspect of the invention, there is
provided a liquid crystal display panel drive circuit of the
second aspect, in which a positive fixed power supply is
used as the voltage supply means for the first drive circuit,
a negative fixed power supply is used as the voltage supply
means for the second drive circuit, and the switch is adapted
to control the current of the constant current source con-
nected to the fixed power supply.

According to an eighth aspect of the invention, there is
provided a liquid crystal display apparatus comprising:

a first substrate formed with a switching element at each
intersection between the scanning lines and the signal
lines, a scanning circuit for controlling the voltage of
the scanning line, and a signal circuit for controlling the
voltage on the signal line;

a second substrate having a transparent electrode formed
on one side thereof;

a liquid crystal held between the first substrate and the
second substrate; and

a set of drive circuits each having a signal circuit includ-
ing a sample/hold circuit for sampling the input voltage
constituting a video signal at a predetermined timing, a
comparator circuit for comparing the output of the
sample/hold circuit with the signal line voltage, a
switch for controlling the output voltage of the signal
line, a voltage supply means for supplying a voltage to
the switch, and a control circuit for controlling the
switch by the output of the comparator circuit.
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According to a ninth aspect of the invention, there is
provided a liquid crystal display apparatus of the eighth
aspect, wherein the drive circuit includes a first drive circuit
turned on by a positive input voltage and a second drive
circuit turned on by a negative input voltage.

According to a tenth aspect of the invention, there is
provided a liquid crystal display apparatus comprising:

a first substrate on which there are formed at least a
switching element at intersections between the scan-
ning lines and the signal lines, at least a scanning circuit
for controlling the voltage on the signal line, and a
signal circuit for controlling the voltage on the signal
line;

a second substrate having a transparent electrode formed
on one side thereof;

a liquid crystal held between the first substrate and the
second substrate; and

a signal circuit including drive circuits, each drive circuit
comprising a D/A converter for converting a digital
video signal input thereto into an analog voltage, at
least a sample/hold circuit for sampling the analog
voltage at a predetermined timing, at least a comparator
circuit for comparing the output of the sample/hold
circuit with the voltage on the signal line, at least a
switch for controlling the output voltage of the signal
line, at least a voltage supply means for supplying a
voltage to the switch, and at least a control circuit for
controlling the switch by the output of the comparator
circuit.

According to an eleventh aspect of the invention, there is

provided a liquid crystal display apparatus comprising:

a first substrate on which there are formed a switching
element at each intersection between the scanning lines
and the signal lines, a scanning circuit for controlling
the voltage on the scanning line, and a signal circuit for
controlling the voltage on the signal line;

a second substrate having a transparent electrode formed
on one side thereof;

a liquid crystal held between the first substrate and the
second substrate;

a first D/A converter for converting a digital video signal
input thereto into a positive analog voltage;

a second D/A converter for converting a digital video
signal input thereto into a negative analog voltage;

a first drive circuit supplied with a positive analog voltage
for sampling the positive analog voltage at a predeter-
mined timing and driving the signal line; and

a second drive circuit supplied with a negative analog
voltage for sampling the negative analog signal at a
predetermined timing and driving the signal line.

According to a twelfth aspect of the invention, there is
provided a liquid crystal display apparatus of the eleventh
aspect, wherein:

the first drive circuit includes a first sample/hold circuit
for sampling a positive analog voltage, a first compara-
tor circuit for comparing the output of the first sample/
hold circuit with the voltage of the signal line, a first
switch for controlling the output voltage of the signal
line, first voltage supply means for supplying a voltage
to the first switch, and a first control circuit for con-
trolling the first switch by the output of the first
comparator circuit; and

the second drive circuit includes a second sample/hold
circuit for sampling a negative analog voltage, a second
comparator circuit for comparing the output of the
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second sample/hold circuit with the voltage of the
signal line, a second switch for controlling the output
voltage of the signal line, second voltage supply means
for supplying a voltage to the second switch, and a
second control circuit for controlling the second switch
by the output of the second comparator circuit.

According to a thirteenth aspect of the invention, there is
provided a liquid crystal display apparatus, comprising:

a first substrate on which there are formed at least a
switching element at each intersection between the
scanning lines and the signal lines, at least a scanning
circuit for controlling the voltage on the scanning line,
and a signal circuit for controlling the voltage on the
signal line;

a second substrate having a transparent electrode formed
on one side thereof;

a liquid crystal held between the first substrate and the
second substrate;

first and second latch circuits for holding continuous
digital video signals;

switching means for switching the outputs of the first and
second latch circuits to each other;

a first D/A converter connected to one of the outputs of the
switching means for converting a digital video signal
into a positive analog voltage;

a second D/A converter connected to the other output of
the switching means for converting a digital video
signal into a negative analog voltage;

first and second analog signal bus lines connected to the
first and second D/A converters, respectively; and

first and second output means connected to the first and
second bus lines, respectively, for driving the first and
second signal lines, respectively;

wherein the first and second output means each include a
first drive circuit connected to the first bus line for
controlling the positive voltage and a second drive
circuit connected to the second bus line for controlling
the negative voltage;

wherein a first operation is performed in such a manner
that the output of the first latch circuit is applied
through the first D/A converter to the first drive circuit
constituting the first output means thereby to drive the
first signal line while the output of the second latch
circuit is applied through the second D/A converter to
the second drive circuit constituting the second output
means thereby to drive the second signal line, and a
second operation is performed in such a manner that the
output of the first latch circuit is applied through the
second D/A converter to the second drive circuit con-
stituting the first output means to drive the first signal
line while the output of the second latch circuit is
applied through the first D/A converter to the first drive
circuit constituting the second output means thereby to
drive the second signal line.

Other objects, features and advantages of the present
invention will become apparent from the following descrip-
tion of the embodiments of the invention taken in conjunc-
tion with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing a configuration of a
liquid crystal display panel drive circuit according to a first
embodiment of this invention.

FIG. 2 is a timing chart showing the operation of the
liquid crystal panel drive circuit according to this invention.
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FIG. 3 is a diagram showing a circuit configuration of the
liquid crystal panel drive circuit according to a second
embodiment of this invention.

FIG. 4 is a diagram showing a circuit configuration of the
liquid crystal panel drive circuit according to a third embodi-
ment of this invention.

FIG. 5 is a block diagram showing a configuration of a
liquid crystal display apparatus according to the first
embodiment of the invention.

FIG. 6 is a timing chart showing the operation of a liquid
crystal display apparatus according to an embodiment of the
invention.

FIG. 7 is a block diagram showing a configuration of a
liquid crystal display apparatus according to a second
embodiment of the invention.

FIG. 8 is a block diagram showing a configuration of a
liquid crystal display apparatus according to a third embodi-
ment of the invention.

FIG. 9 is a diagram showing a circuit configuration of a
voltage generating circuit used for a liquid crystal display
panel drive circuit according to an embodiment of the
invention.

FIG. 10 is a timing chart showing the operation of a
voltage generating circuit used for a liquid crystal display
panel drive circuit according to the invention.

FIG. 11 is a diagram showing a circuit configuration of the
output circuit used for a liquid crystal display panel drive
circuit according to another embodiment of the invention.

FIG. 12 is a block diagram showing a general configu-
ration of a liquid crystal apparatus according to the inven-
tion.

FIG. 13 is a block diagram showing a drive circuit used
for a liquid crystal display panel according to a fourth
embodiment of the invention.

DESCRIPTION OF THE EMBODIMENTS

Now, embodiments of the invention will be described in
detail below with reference to the accompanying drawings.

FIG. 1 is a block diagram showing a configuration of a
liquid crystal display panel drive circuit according to a first
embodiment of the invention. This embodiment represents a
drive circuit for the i-th (i: positive integer) signal line VD(i)
and includes a shift register SR(i) and a drive circuit DR().
The drive circuit DR(i) is configured with a switching circuit
210, sample/hold circuits 220, 230, comparator circuits 240,
250, control circuits 260, 270, and switches 280, 290, and
supplied with video signals VID1, VID2, a polarity control
signal FLP and output control power supplies VR1, VR2.

The operation of this embodiment having the configura-
tion described above will be briefly explained.

The shift register SR(i) is supplied with a signal HL(i) or
HR(i) depending on the scanning direction and outputs a
sample signal PH(i). The switching circuit 210 outputs the
sample signal PH(i) to the sample/hold circuit 220 or 230 by
a polarity control signal FLLP1 or an inverted version FL.P2
of the signal FLP1. The sample/hold circuits 220, 230
sample the video signals VID1, VID2, respectively, at the
timing of the sample signals and output the sampled signals
VSP1, VSP2, respectively. The comparator circuits 240, 250
are supplied with the signals VSP1, VSP2 and the signal of
the signal line DR(i) and output comparison signals CMP1,
CMP2 (VSP1, VSP2), respectively. The control circuits 260,
270 are supplied with the signals VSP1, VSP2, the polarity
control signal FLLP1 and the inverted version FLP2 of the
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polarity control signal FLLP1 and output switch control
signals SW1, SW2, respectively. The switches 280, 290 are
supplied with the switch control signals SW1, SW2 for
controlling the signal line VD(i). As a result of this
operation, the voltage of the signal line VD(i) can be
controlled to a voltage equal to the output signal VSP1 or
VSP2 of the sample/hold circuits 220, 230.

FIG. 2 is a timing chart showing the operation of the first
embodiment.

‘With reference to the operation timing chart of FIG. 2, the
operation of this embodiment will be described in more
detail.

A start signal HST is a signal for driving the shift registers
of the signal circuit, and represents a start timing of each line
of an image to be displayed. In this case, the timing is
indicated in the range of 2n-1 to 2n+1 (n: integer). The
output PH(i) of the i-th-stage shift register SR(1) is repeated
at a timing delayed by the time corresponding to i stages
from the start signal HST. The video signals VID1, VID2 are
signals corresponding to the image of each line. The video
signal VDI1 is positive with respect to the voltage VCOM
applied to the opposite electrode, and the video signal VDI2
is negative with respect to VCOM. In the case under
consideration, the voltage on the i-th signal line is higher
than the voltage on other signal lines and increases with the
line number. In the liquid crystal display mode in which
white is displayed when the applied voltage is zero, this
video signal corresponds to the black vertical line reduced in
brightness progressively with the number of lines. The
polarity control signal FLP1 is a signal inverted for each
start signal HST. In this case, it is “H” for odd-number lines
(2n-1) and “L” for even-number lines (2n).

The switching circuit 210 is supplied with the polarity
control signal FLLP2 and an inverted version FLP2 thereof
and outputs the output HR(i) of, the shift register to the
sample/hold circuit 220 or 230. The sample/hold circuits
220, 230 sample the video signals VID1, VID2 with the
output HR(J) of the shift register passed through the switch-
ing circuit 210. As a result, the output VSP1 of the sample/
hold circuit 220 comes to assume a waveform sampled at the
timing of the output HR(i) from the positive video signal
VID1 for even lines, and at the timing of the output HR(i)
from the negative video signal VID2 for odd lines. The
output control power supplies VR1, VR2 are ramp voltages
increasing or decreasing with time based on the VCOM as
shown. These voltages VR1 and VR2 correspond to odd and
even lines, respectively, and change alternately with each
other.

The control circuits 260, 270 are operated by the polarity
control signal FLP1 and the inverted version FLLP2 thereof.
In a state corresponding to an odd line where the polarity
signal FLP1 is “H”, the control circuit 270 is selected, while
in a state where corresponding to an even line where the
polarity signal FLP2 is “L”, the control signal 260 is
selected. As a result, the switch control signal SW2 assumes
a “H” state when the signal line output VD(i) is higher than
the output VSP2 on an odd line and a “L.” state when the
signal line output VD(i) is lower than the output VSP1 on an
even line. The switches 280, 290 turn on when the switch
control signals SW1, SW2 are “H”, respectively, thereby to
change the output VD(i) with the control voltages VR1 or
VR2, and turn off when the switch control signals SW1,
SW2 are “L” thereby to hold the output VD(i).

As described above, according to this embodiment, the

signal line output VD(i) is changed by the control power
supply VR1 or VR2 connected with the switch 280 or 290.
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This output VD(i) is compared with the sampled voltage
VSP1 or VSP2, and stops being changed when it becomes
equal to the sampled voltage VSP1 or VSP2. As a result, the
signal line output voltage VD(i) becomes equal to the
voltage VSP1 or VSP2. In this way, according to this
embodiment, the signal line is controlled by the switch. The
restriction to the on resistance of the switches is small since
an error is small in view of the fact that the signal line
voltage VD(i), even when delayed behind the ramp voltage
of the control power VR1 or VR2, can be made equal to the
voltage VSP1 or VSP2. At least several tens of percent for
the scanning period of each line is sufficiently allowable as
the CR time constant due to the on-state resistance of the
switches and the load capacitance of the signal line. Assum-
ing that the scanning period per line is 20 us, the allowable
percentage is 20% and the load capacitance of the signal line
is 100 pF, for example, the on-state resistance of 40 k& is
required for the switches. This value can be realized with a
sufficiently small size of various transistors such as the
low-temperature p-Si TFT used for the apparatus integrated
with a drive circuit.

According to the first embodiment of the invention con-
figured as described above, the area occupied by the output
transistors can be reduced.

Further, according to the first embodiment of the
invention, the output of the negative video signal is con-
trolled by sampling the positive video signal for odd lines,
while the output of the positive video signal is controlled by
sampling the negative video signal for even lines. By
sampling and controlling the output voltage alternately in
this way, the drive time of the signal line can be lengthened,
thereby reducing the area occupied by the switches for
controlling the signal line.

A drive circuit used for a liquid crystal display panel
according to a second embodiment of the invention is shown
in FIG. 3. Those component parts equivalent to those of the
first embodiment are designated by the same reference
numerals, respectively.

According to this embodiment, as compared with the first
embodiment, the switching circuit 210, the sample/hold
circuits 220, 230, the control circuits 260, 270 and the
switches 280, 290 are different from the corresponding parts,
respectively, of the first embodiment.

The switching circuit 210 is configured with a NAND
gate 212 and an AND gate 214. The sample/hold circuit 220
is configured with a P-type TFT 222 and a capacitor 224,
while the sample/hold circuit 230 is configured with a
N-type TFT 232 and a capacitor 234. The control circuits
260, 270 are configured with a NAND gate and an AND
gate, respectively. The switches 280, 290 are configured
with a P-type TFT 282 and a N-type TFT 292, respectively.

The NAND gate 212 of the switching circuit 210 is
supplied with the output PH(i) of the i-th-stage shift register
SR(i) and the polarity control signal FLP1 to control the
P-type TFT 222 of the sample/hold circuit 220. The AND
gate 214, on the other hand, is supplied with the output PH(1)
and the inverted version FPL2 of the polarity control signal
thereby to control the N-type TFT 232 of the sample/hold
circuit 230. With this configuration, when the polarity con-
trol signal FLP1 is “H”, the output PH(i) is inverted to
control the gate electrode of the P-type TFT 222, and the
video signal VID1 is sampled in the capacitor 224. When the
polarity control signal FLP1 is “I.” and the inverted version
thereof is “H”, that is, the polarity control signal FLP2 is
“H”, on the other hand, the output PH(i) is applied to control
the gate electrode of the N-type TFT 232, thereby sampling
the video signal VID2 in the capacitor 234.
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The NAND gate 262 of the control circuit 260, which is
supplied with the output of the comparator circuit 240 and
the inverted version FLP2 of the polarity control signal,
controls the P-type TFT of the switch 280 with the inverted
signal of the comparator circuit 240. The AND gate 272 of
the control circuit 270, which is supplied with the output of
the comparator circuit 250 and the polarity control signal
FLP1, controls the N-type TFT of the switch 290 with the
inverted signal of the comparator circuit 250. With this
configuration, the P-type TFT turns on when the inverted
version FLP2 of the polarity control signal is “H” and the
output of the comparator circuit 240 is “H”, while the N-type
TFT turns on when the polarity control signal FLLP1 is “H”,
and the output of the comparator circuit 250 is “H”.

As the result of this operation, when the inverted version
FLP2 of the polarity control signal is “H” and the voltage of
the sample/hold circuit 220 is lower than the voltage VD(i)
of the signal line, the P-type TFT turns on and the signal line
voltage VD(i) is driven by the control power supply VR1,
while when the voltage of the sample/hold circuit 220 is
higher than the voltage VD(i), the P-type TFT turns off
thereby to hold the signal line voltage VD(i).

When the polarity control signal FLP1 is “H” and the
voltage of the sample/hold circuit 230 is higher than the
signal line voltage VD(i), the N-type TFT turns on thereby
the drive the signal line voltage VD(i) with the voltage of the
control power supply VR2. When the voltage of the sample/
hold circuit 230 is lower than VD(i), on the other hand, the
N-type TFT turns off thereby to hold the signal line voltage
VD).

The second embodiment of the invention having the
configuration mentioned above has a similar effect to the
first embodiment.

Further, in the configuration of the second embodiment,
the sample/hold circuit 220 for controlling the positive video
signal and the switch 280 for controlling the output voltage
of the positive video signal are configured with a single
conductor of the P-type TFT. Also, the sample/hold circuit
230 for controlling the negative video signal and the switch
290 for controlling the output voltage of the negative video
signal are configured of a single conductor of the N-type
TFT. By configuring each switch with a single conductor as
described above, the number of elements of the drive circuit
can be reduced thereby to reduce the area occupied by the
drive circuit.

FIG. 4 show a drive circuit used for a liquid crystal
display panel according to a third embodiment of the inven-
tion. The component parts similar to those of the second
embodiment shown in FIG. 3 are designated by the same
reference numerals as the corresponding parts in FIG. 3,
respectively.

In the third embodiment, as compared with the second
embodiment, the sample/hold circuits 220, 230, the com-
parator circuits 240, 250, and the control circuit 260 are
different in configuration.

The sample/hold circuit 220 includes a P-type TFT 222
and a capacitor 226, while the sample/hold circuit 230
includes a N-type TFT 232 and a capacitor 236. The
comparator circuit 240 includes inverters 241, 242, capaci-
tors 226, 243, and P-type TFTs 244, 245, 247, while the
comparator circuit 250 includes inverters 251, 252, capaci-
tors 236, 253, and N-type TFTs 254, 255, 257. The control
circuit 260 includes a NOR gate 264.

In the inverters 241, 242 of the comparator circuit 240, the
input and output are connected by the P-type TFTs 244, 245
for odd lines when the polarity control signal FLP1 is “H”
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and the inverted version FLP2 thereof is “L”. Under this
condition, the input and output voltages of each inverter are
biased to about one half of the source voltage, so that the
charge corresponding to the bias voltage of each inverter is
stored in the capacitor 243. Under this condition, the output
PH(i) of the shift register SR(i) is inverted by the NAND
gate 212 thereby to control the P-type TFT 222 and the
positive video signal VID1 is sampled in the capacitor 226.
Then, the P-type TFTS 244, 245 turn off and the P-type TFT
247 turns on for even lines when the polarity control signal
FLP1 is “L” and the inverted version FLP2 thereof is “H”.
In the process, the inverters 241, 242 operate as an inversion
amplifier based on one half of the source voltage, so that
when the voltage of the signal line output VD(i) is equal to
the voltage sampled by the sample/hold circuit 220, the
output voltage of the inverter 242 becomes substantially
equal to the bias voltage one half of the source voltage.
When the voltage of the signal line output VD(i) is lower
than the voltage sampled by the sample/hold circuit 220, on
the other hand, the output voltage of the inverter 242 turns
“L”, while when the voltage of the signal line output VD(i)
is higher than the sampled voltage, the output voltage of the
inverter 242 turns “H”. As a result of this operation, the
voltage obtained by sampling the positive video signal VID1
is compared with the voltage of the signal line output VD(i).

The comparator circuit 250 and the sample/hold circuit
230 operate on the same principle as the corresponding
component parts described above, except that the input and
output of the inverters 251, 252 of the comparator circuit
250 are connected by the N-type TFTs 254, 255 for even
lines when the polarity control signal FLLP1 is “L” and the
inverted version FLP2 thereof is “H”. Under this condition,
the input and output voltages of each inverter are biased to
about one half of the source voltage and the charge corre-
sponding to the bias voltage of each inverter is stored in the
capacitor 253. Under this condition, the N-type TFT 232 is
controlled by the output PH(i) of the shift register SR(i)
through the AND gate 214, and the negative video signal
VID2 is thereby sampled in the capacitor 236. Then, the
N-type TFTs 254, 255 turn off and the N-type TFT 257 turns
on for odd lines when the polarity control signal FLP1 turns
“H” and the inverted version FLP2 thereof turns “L”. In the
process, the inverters 241, 242 operate as an inverting
amplifier based on one half of the source voltage, and when
the output voltage VD(i) of the signal line is equal to the
voltage sampled by the sample/hold circuit 230, the output
voltage of the inverter 252 becomes equal to the bias voltage
about one half of the source voltage. When the output
voltage VD(i) of the signal line is lower than the sample
voltage, on the other hand, the output voltage of the inverter
252 turns “L”, and vice versa. As a result of the foregoing
operation, the voltage obtained by sampling the negative
video signal VID2 is compared with the output voltage
VD(i) of the signal line.

The OR gate 264 of the control circuit 260 is supplied
with the output of the comparator circuit 240 and the polarity
control signal FLP1 for controlling the P-type TFT 282 of
the switch 280. With this configuration, the output turns “L.”
to turn on the P-type TFT only in the case where the output
of the comparator circuit 240 is “L” for even lines when the
polarity control signal FLP1 is “L”. In the comparator circuit
240, the P-type TFT turns on in the case where the output
voltage VD(i) of the signal line is higher than the voltage
sampled by the sample/hold circuit 220.

As described above, the operation of each block is the
same as that of the first embodiment shown in FIG. 1. The
third embodiment of the invention, therefore, has the same
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effect as the first embodiment. Further, in view of the fact
that the comparator circuit according to the third embodi-
ment is configured with an inverter, a complicated bias
circuit is not required and the voltage range to be compared
is widened as compared with the comparator circuit using a
differential circuit.

FIG. 13 shows a drive circuit used for the liquid crystal
display panel according to a fourth embodiment of the
invention. In FIG. 13, the component parts identical to those
included in the third embodiment shown in FIG. 4 are
designated by the same reference numerals, respectively, as
the corresponding parts in FIG. 4.

The drive circuit according to the fourth embodiment
shown in FIG. 13, as compared with the third embodiment,
has a different configuration of the comparators 240, 250.
Specifically, the inverters 241, 242, 251, 252 used in the
comparator circuit according to the third embodiment are
replaced by differential amplifiers 248, 249, 258, 259 in this
embodiment.

The differential amplifiers 248, 249, 258, 259 each have
a positive input terminal, a negative input terminal and an
output terminal. The positive input terminals of these dif-
ferential amplifiers are connected to a common bias voltage
VBIAS. The input and output of the inverters 241, 242, 251,
252 are connected in such a manner as to correspond to the
negative input terminals and the output terminals,
respectively, of the differential amplifiers.

The bias voltage VBIAS is preferably set to about one half
of the source voltage. In this way, the relation between the
negative input terminals and the outputs of the differential
amplifiers 248,249,258, 259 can be equalized to the relation
between the input and output of the inverters 241, 242, 251,
252, respectively. As a result, the drive circuit used for the
liquid crystal display panel according to the fourth embodi-
ment of the invention operates the same way as that of the
third embodiment and has the same effect as the first
embodiment.

Further, the source current of the inverter used in the third
embodiment changes with the input voltage level. In the
differential amplifier used for the drive circuit according to
the fourth embodiment, in contrast, a constant source current
having a fixed value independent of the input level can be
secured using the bias of the differential amplifier stage as a
constant current source. As a result, even in the case where
the drive circuits of a plurality of drain lines operate at the
same time, a constant source current is secured, and the
noise transmitted through the power line is reduced, thereby
making it possible to realize a liquid crystal display appa-
ratus of large size.

The liquid crystal display apparatus according to embodi-
ments of the invention will be explained below.

FIG. 5 is a block diagram showing a configuration of a
liquid crystal display apparatus according to a first embodi-
ment of the invention.

Aliquid crystal display apparatus according to this inven-
tion comprises a display circuit 100, a signal circuit 300, a
scanning circuit 400 and an image signal control circuit S00.
The display circuit 100 is for applying to the liquid crystal
a voltage corresponding to the image to be displayed, and
includes pixel circuits 1 arranged in matrix. The pixel
circuits 1 each include a N-type TFT 14, a holding capacitor
1b and a liquid crystal capacitor 1c. The gate terminal of the
N-type TFT 1a is connected to the scanning line, the drain
terminal thereof is connected to the signal line, and the
source terminal thereof is connected to the liquid crystal
capacitor 1c and the holding capacitor 1b. The other end



US 6,628,261 B1

13

each of the holding capacitor 15 and the liquid crystal
capacitor lc is connected to the same potential as the
electrode of the opposite substrate arranged in opposed
relation to the display circuit 100 for holding the liquid
crystal. The signal circuit 300 generates a voltage supplied
to the signal line of the pixel circuits 1, and includes a shift
register 320, drive circuits DR1, DR2 and so on. The drive
circuits DR1, DR2 and so on correspond to the drive circuits
shown in FIGS. 1, 3 and 4. The image signal control circuit
500 generates video signals VID1, VID2 supplied to the
signal circuit 300, and a control signal supplied to the signal
circuit 300 and the scanning circuit 400. The image signal
control circuit 500 thus includes a signal processing circuit
520 and a timing control circuit 540. The signal processing
circuit 520 outputs the video signals VID1, VID2 obtained
by amplifying and converting the video signal VIDOE to the
AC current. The timing control circuit 540 is supplied with
horizontal and vertical sync signals Hs, Vs for generating a
control signal for driving the shift register 320, the drive
circuits DR1, DR2 and so on, and the scanning circuit 400.

The operation of this embodiment of the invention con-
figured as described above will be explained with reference
to the timing chart of FIG. 6. A start signal VST and a clock
signal VCK are control signals applied to the scanning
circuit 400. The start signal VST indicates the head of the
frame of the image displayed, and the clock signal VCK
indicates the timing of switching the scanning lines. The
signal circuit 300 fetches the start signal HST at the rise
timing of the clock signal VCK, and outputs the signals
VG1, VG2 and so on for the scanning lines.

The video signals VID1, VID2 are positive and negative,
respectively, with respect to the voltage VCOM of the
opposite electrode and are generated by the signal process-
ing circuit 520. The polarity control signal FLLP1 is inverted
at the period of the clock signal VCK, and further inverted
at the period of the frame of the start signal.

The start signal HST and the clock signal HCK are control
signals input to the shift register 320. The start signal HST
indicates the head of the pixel to be displayed, and the clock
signal HCK indicates the scan timing corresponding to the
pixel. The shift register 320 fetches the start signal HST at
the rise timing of the clock signal HCK, and outputs the
control signals PH1, PH2 and so on of the drive circuits
DR1, DR2 and so on.

In response to a signal input thereto, each of the drive
circuits DR1, DR2 and so on operates in the manner
described in FIG. 1. Now, an explanation will be given
briefly taking the second signal line VD2 as an example.

The signal VSP1 (2) is the positive video signal VID1
sampled by the control signal PH2, and the signal VSP2 (2)
is the negative video signal VID2 sampled by the control
signal PH2. VD2 designates a voltage of the second signal
line. As shown in the timing chart of FIG. 2, the positive or
negative ramp voltage assumes a constant value at a point
where it crosses the signal VSP1 (2) or VSP2 (2). The pixel
circuits 1 drive the liquid crystal by charging the voltage on
the signal line into the holding capacitor.

According to this embodiment, the drive circuit is used as
the signal circuit of the liquid crystal display apparatus
thereby making it possible to realize a liquid crystal display
apparatus with built-in circuits having a small area occupied
by the drive circuit.

FIG. 7 is a block diagram showing a liquid crystal display
apparatus according to a second embodiment of the inven-
tion. The functions of the liquid crystal display apparatus
according to the invention shown in FIG. § which are similar
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to those of the component parts of the first embodiment are
designated by the same reference numerals, respectively, as
the corresponding functions of the first embodiment.

The liquid crystal display apparatus according to this
embodiment shown in FIG. § is different from the first
embodiment in the configuration of the signal circuit 300
and the image signal control circuit 500. The signal circuit
300 includes digital-to-analog (D/A) converters DA1, DA2,
video signal lines VID1, VID2, shift registers SR1, SR2 and
so on, and drive circuits DR1, DR2 and so on. The image
signal control circuit 500 is configured with a video signal
processing circuit 560 and a timing control circuit S80. The
video signal processing circuit 560 is supplied with a digital
video signal DATA and outputs a digital video signal DI of
the D/A converters in the signal circuit. The timing control
circuit 580, on the other hand, is supplied with a clock signal
DCLK, a horizontal sync signal HSYNC and a vertical sync
signal VSYNC and outputs a signal for driving the shift
registers SR1, SR2 and so on, the drive circuits DR1, DR2
and so on, and the scanning circuit 400.

The D/A converter DAL of the signal circuit 300 is for
converting a digital video signal into a positive video signal,
and the D/A converter DA2 is for converting a digital video
signal into a negative video signal.

According to this embodiment, the operation is performed
by inputting a digital video signal, and therefore the video
signal circuit can be configured as a simple circuit.

FIG. 8 is a block diagram showing a liquid crystal display
apparatus according to a third embodiment of the invention.
The liquid crystal display apparatus according to this
embodiment shown in FIG. 7 is different from the second
embodiment in the signal circuit 300 specifically shown.

The signal circuit 300 includes digital signal switching
circuits MX1 to MX4, D/A converters DA1 to DA4, video
signal lines VID1 to VID4, a shift register SR1, and drive
circuits DR1, DR2 and so on. The D/A converters DAL,
DA3 are for producing a positive video signal, and the D/A
converters DA2, DA4 are for producing a negative video
signal.

The digital video signals D1 to D4 input to the signal
circuit 300 are serially-input video signals converted into
parallel video signals representing data adjacent to each
other. The video signals D1 to D4 are input through the
switching circuits MX1 to MX4 to the D/A converters DA1
to DA4. The switching circuits MX1 to MX4 are controlled
by the polarity control signal FLLP1 for switching the inputs
of the D/A converters DA1, DA2 into the video signals D1,
D2 or the video signals D2, D1, respectively, and the inputs
of the D/A converters DA3, DA4 into the video signals D3,
D4 or the video signals D4, D3, respectively. The D/A
converters DAl to DA4 each are supplied with the data
described above and output the converted analog signals to
the video signal lines VID1 to VID4. As a result of this
operation, the signals on the video signal lines VID1 to
VID4 correspond to the video signals D1, D2, D3, D4,
respectively, when the polarity switching signal FLLP1 is
“H”, and correspond to the video signals D2, D1, D4, D3,
respectively, when the polarity switching signal FLP1 is
“L”. The drive circuits DR1, DR2 and so on are each
supplied with positive and negative video signals from the
video signal line and switch them by the polarity control
signal FLP1. Specifically, the positive signal on the video
signal line VID1 and the negative video signal on the video
signal line VID2 are input to the drive circuits DR1, DR2,
while the positive video signal on the video signal line VID3
and the negative video signal on the video signal line VID4
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are input to the drive circuits DR3, DR4, respectively. The
positive and negative video signals thus input are switched
by the polarity control signal. For the purpose of this
switching operation, the drive circuits DR1, DR2 or the
drive circuits DR3, DR4 are connected in opposite polari-
ties. According to this embodiment, when the polarity
switching signal FL.P1 is “H”, the drive circuits DR1 to DR4
sample the signals on the video signal lines VID1, VID2,
VID3, VID4 in that order, while when the polarity switching
signal FLP1 is “L”, on the other hand, the signals on the
video signal lines VID2, VID1, VID4, VID3 are sampled in
that order. The shift registers SR1 and so on are each
arranged for each set of four signal lines, and output a signal
changing in accordance with the video signals D1 to D4.

As a result of the operation described above, the drive
circuits DR1 to DR4 sample the video signals D1 to D4
converted into analog signals. Then, the polarity of the video
signals is positive, negative, positive and negative, in that
order when the polarity switching signal FLP1 is “H”, while
it is negative, positive, negative and positive in that order
when the polarity switching signal FLP1 is “L”.

According to this embodiment, the positive and negative
D/A converters can be switched for operation, and therefore
the area occupied by the D/A converters can be reduced to
one half.

FIG. 9 shows an output control power circuit used for the
liquid crystal display panel drive circuit according to an
embodiment of the invention.

This embodiment is configured with power supplies IB1
to IB4, capacitors C1, C2, P-type TFTs T1, T4, and N-type
TFTs T2, T3. The current of the current source IB1 is
integrated by the capacitor C1 to generate a positive ramp
voltage, while the current of the current source IB2 is
integrated by the capacitor C2 to generate a negative ramp
voltage. The ramp voltage thus generated is output as output
control voltages VR1, VR2, respectively, through a source-
follower circuit including a current source IB3 and a N-type
TEFT T3 or a source-follower circuit including a current
source IB4 and a P-type TEFT T4. Also, each ramp voltage is
initialized by the N-type TFT T1 and the P-type TFT T2.
Each TFT is supplied with the inverted version FLLP2 of the
polarity control signal.

The operation of the embodiment having the configura-
tion described above will be explained with reference to the
timing chart of FIG. 10. When the inverted version FLP2 of
the polarity control signal is “L.”, the P-type TFT T1 turns on
while the N-type TFT T2 turns off. As a result, the positive
ramp voltage is initialized and the negative ramp voltage
starts declining. As long as the inverted version FLP2 of the
polarity control signal remains “H”, on the other hand, the
P-type TFT T1 turns on and the N-type TFT T2 turns off. As
a result, the positive ramp voltage starts increasing and the
negative ramp voltage is initialized.

FIG. 11 is a diagram showing a circuit configuration of the
output unit of the liquid crystal display panel drive circuit
according to an embodiment of the invention. This embodi-
ment is different from the embodiment shown in FIG. 3 in
the configuration of the switches 280, 290. The switch 280
is configured with P-type TFTs 282, 284, and the switch 290
is configured with N-type TFTs 292, 294. The P-type TFTs
282, 284 have the drain and the source thereof connected in
series between the signal line VD(i) and the power supply
VDD, while the N-type TFTs 292,294 have the drain and the
source thereof connected in series between the signal line
VD(i) and the ground GND. The gates of the P-type TFTs
282, 284 are connected with the outputs of the bias power
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supply VVB2 and the control circuit 260, respectively, while
the gates of the N-type TFTs 292,294 are connected with the
outputs of the bias power supply VB1 and the control circuit
270, respectively. The P-type TFT 282 and the N-type TFT
292 operate as a constant current source. When the switch
280 or 290 is in on state, therefore, the parasitic capacitor Cs
of the signal line VD(i) is charged by the current due to the
P-type TFT 282 or the N-type TFT 292. Thus, the voltage of
the signal line assumes the same waveform as in the embodi-
ment shown in FIG. 3.

According to this embodiment, the output drive power
may be a constant voltage, and therefore the control circuit
is simplified. Also, no circuit is required for generating the
ramp voltage.

FIG. 12 is a block diagram showing a general configu-
ration of the liquid crystal display apparatus according to
this invention.

This block diagram represents a configuration including a
liquid crystal display panel 600 integrated with the drive
circuit and an image signal control circuit 500. The liquid
crystal display panel 600 integrated with drive circuit
includes a display circuit 100, a signal circuit 300 and a
scanning circuit 400, while the display circuit 100 includes
a shift register 320, a sample/hold circuit 340 and a drive
circuit 360. According to this embodiment, the signal circuit
300 and the scanning circuit 400 are formed on the same
substrate as the display circuit 100.

It will thus be understood from the foregoing description
that in the liquid crystal display panel drive circuit according
to this invention, the signal lines are controlled by switches,
and therefore the area occupied by the drive circuits can be
reduced. Further, the use of this drive circuit can realize a
large-sized liquid crystal display apparatus integrated with a
drive circuit.

What is claimed is:

1. A liquid crystal display apparatus comprising:

a plurality of switching elements arranged at intersections

between a scanning line and a signal line;

a scanning circuit for controlling a voltage of the scanning
line;

a first substrate having formed thereon a signal circuit for
controlling a voltage of the signal line;

a second substrate having a transparent electrode formed
on one side thereof;

a liquid crystal held between the first substrate and the
second substrate;

a first D/A converter which converts a digital video signal
into a positive analog voltage;

a second D/A converter which converts a digital Video
signal into a negative analog voltage;

a first drive circuit for driving the signal line by sampling
the positive analog signal at a predetermined timing;
and

a second drive circuit supplied with a negative analog
voltage for driving the signal line by sampling the
negative analog voltage,

wherein the first drive circuit comprises:

a first sample/hold circuit for sampling the positive
analog signal,

a first comparator circuit for comparing an output of the
first sample/hold circuit with the voltage of the signal
line,

a first switch for controlling the output voltage of the
signal line,

first voltage supply means for supplying a voltage to
the first switch, and
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a first control circuit for controlling the first switch in
accordance with an output of the first comparator
circuit; and

wherein the second drive circuit comprises:

a second sample/hold circuit for sampling the negative
analog voltage,

a second comparator circuit for comparing an output of
the second sample/hold circuit with the voltage of
the signal line,

a second switch for controlling the output voltage of the
signal line,

a second voltage supply means for supplying a voltage
to the second switch, and

a second control circuit for controlling the second
switch in accordance with an output of the second
comparator circuit.

2. Aliquid crystal display apparatus according to claim 1,
wherein the first sample/hold circuit and the second sample/
hold circuit are connected in parallel with respect to the
signal line.

3. A liquid crystal display apparatus comprising:

a plurality of switching elements each arranged at an

intersection between a scanning line and a signal line;

a scanning circuit for controlling a voltage of the scanning

line;

a first substrate having formed thereon a signal circuit for

controlling a voltage of the signal line;

a second substrate having a transparent electrode formed

on one side thereof;

a liquid crystal held between the first substrate and the

second substrate;

first and second latch circuits for holding a successive

values of a digital video signal;

switching means for switching outputs of the latch circuits

to each other;

a first D/A converter connected to one of the outputs of the

switching means for converting a digital video signal

into a positive analog voltage;
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a second D/A converter connected to the other output of
the switching means for converting a digital video
signal into a negative analog voltage;

first and second analog signal bus lines connected to the
first and second D/A converters, respectively; and

first and second output means connected to the first and
second bus lines, respectively, for driving the first and
second signal lines;

wherein the first and second output means each include a
first drive circuit connected to the first bus line for
controlling a positive voltage, and a second drive
circuit connected to the second bus line for controlling
a negative voltage;

wherein the output of the first latch circuit is applied
through the first D/A converter to the first drive circuit
constituting the first output means thereby to drive the
first signal line, and the output of the second latch
circuit is applied through the second D/A converter to
the second drive circuit constituting the second output
means thereby to drive the second signal line; and

wherein the output of the first latch circuit is applied
through the second D/A converter to the second drive
circuit constituting the first output means thereby to
drive the first signal line, and the output of the second
latch circuit is applied through the first D/A converter
to the first drive circuit constituting the second output
means thereby to drive the second signal line.

4. Aliquid crystal display apparatus according to claim 3,
wherein the first drive circuit includes a first sample/hold
circuit;

wherein the second drive circuit includes a second

sample/hold circuit; and

wherein the first sample/hold circuit and the second

sample/hold circuit are connected in parallel with
respect to the relevant signal line.
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