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(7) ABSTRACT

A liquid crystal display device includes a plurality of pixels
arranged in a matrix, a drain line provided for each column
of the plurality of pixels, a gate line provided for each row
of the plurality of pixels, and an output buffer to output a
video signal supplied to the drain line. Also provided is a
video correction signal generator to superpose a correction
signal on the output signal of the output buffer.
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LIQUID CRYSTAL DISPLAY DEVICE HAVING A
VIDEO CORRECTION SIGNAL GENERATOR

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to liquid crystal dis-
play devices such as active matrix type devices including a
plurality of thin film transistors. The invention more par-
ticularly relates to a liquid crystal display device which can
prevent variations in video images such as a drop in the
brightness caused by rounding of the waveform of video
signals.

[0003]

[0004] In conventional active matrix type liquid crystal
display devices, there is a source driver to drive a thin film
transistor provided on a one-pixel-basis. FIG. 1 is a circuit
diagram of the configuration of a conventional liquid crystal
display device. In the conventional liquid crystal display
device, a thin film transistor is provided for each of the
pixels arranged in a matrix. A plurality of thin film transis-
tors T11, ..., Tml, ..., Tnl, ... forming the first column
have their drains connected in common to a drain line D1.
Similarly, a plurality of thin film transistors T12, . . ., Tm2,
..., In2, ... forming the second column have their drains
connected in common to a drain line D2. Thus, a plurality of
thin film transistors Tla, . .., Tma, ..., Tna, ... forming
the a-th column have their drains connected in common to
a drain line Da.

[0005] The drain lines are connected with output buffers
B1, B2, B3, B4, . . . provided at a source driver 11.

[0006] A plurality of thin film transistors T11, T12, T13,
T14, . . . forming the first row have their gates connected in
common to a gate line G1. Similarly, a plurality of thin film
transistors Tm1, Tm2, Tm3, Tm4, . . . forming the m-th row
have their gates connected in common to a gate line Gm, and
a plurality of thin film transistors Tn1, Tn2, Tn3, Tn4, . . .
forming the n-th row have their gates connected in common
to a gate line Gn. Thus, a plurality of thin film transistors
Tbl, Tb2, Tb3, Tb4, . . . forming the b-th row have their
gates connected in common to a gate line Gb.

[0007] In the conventional liquid crystal display device
having the above-described configuration, a video signal is
supplied from the output buffers B1, B2, . . . to the drain lines
D1, D2, respectively. The gate lines G1, . . ., Gm, . .., Gn,
... are supplied with a control signal from a vertical driver
(not shown), and each thin film transistor turns on/off in
response to the control signal. When the thin film transistor
is turned on, the video signal supplied to the corresponding
drain line is applied to the liquid crystal for the pixel, so that
a video image based on the video signal is displayed on the
display.

[0008] In the conventional display device described
above, however, there are resistance and capacitance para-
sitic in the drain line, and its time constant increases from the
input end on the output buffer side to the terminal end on the
opposite side. As a result, the video signal is rounded in the
waveform.

[0009] More specifically, as shown in FIG. 1, when one
vide signal is output from the output buffer Bl to the drain
line D1, the thin film transistor T11 connected to the gate

2. Description of the Related Art
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line G1 in the first row is provided with a normal square
signal, but the thin film transistor Tm1 connected to the gate
line Gm in the m-th row is provided with a signal having a
rounded waveform. Furthermore, the thin film transistor Tnl
connected to the gate line Gn in the n-th row provided
farther from the output buffer B1 is provided with a signal
having a more rounded waveform. When the distance from
the output buffer Bl exceeds a prescribed value, the wave
height at the time of falling is lower than a prescribed level.

[0010] A pixel stores a signal voltage at the time of falling
of the signal, and therefore if the value decreases, the
luminance changes, which causes variations in video
images. If, for example, an image in white is to be displayed
on the entire display screen, the brightness decreases as the
distance from the output buffer increases.

[0011] Therefore, in order to prevent such variations in
video images depending on the distance from the source
driver, a liquid crystal display device which outputs a video
signal from both sides of the drain line has been suggested
(Japanese Patent Laid-Open Publication No. 10-274762).

[0012] The conventional liquid crystal display device dis-
closed in this publication could reduce variations in video
images compared to the devices before then, but the disad-
vantage associated with the waveform rounding is not
solved. In the central part of the drain line, there exist video
image variations. In addition, this technique requires two
drivers in some cases, and therefore should not be consid-
ered sufficient in terms of reduction in the area and the cost.

SUMMARY OF THE INVENTION

[0013] Tt is an object of the present invention to provide a
liquid crystal display device which can prevent video image
variations caused by parasitic resistance and parasitic
capacitance in a drain line.

[0014] A liquid crystal display device according to the
present invention comprises a plurality of pixels arranged in
a matrix, a drain line provided for each column of the
plurality of pixels, a gate line provided for each row of the
plurality of pixels, an output buffer to output a vide signal to
be supplied to the drain line, and a video correction signal
generator to superpose a correction signal on the output
signal of the output buffer.

[0015] According to the present invention, the video cor-
rection signal generator superposes a correction signal on
the output signal of the output buffer, so that even with
waveform rounding caused by parasitic resistance and
capacitance in the drain line, the wave height of a video
signal at the time of falling can be appropriately adjusted
when the signal is supplied to a desired pixel. As a result,
video image variations can be prevented.

[0016] The pixel may include a thin film transistor having
a drain connected to the drain line and a resistive element
connected in series to the source of the thin film transistor.
The resistance value of the resistive element is desirably
reduced as the length of the drain line between the pixel and
the video correction signal generator is increased. If a
resistive element having a prescribed resistance value is
connected in series to the source of the thin film transistor,
voltage applied to the liquid crystal can be appropriately
adjusted even if a large video signal is input to the pixel.
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[0017] The video correction signal generator may include
a differentiator to differentiate the output signal of each of
the output buffers and an adder to add the output signal of
each of the differentiators and the output signal of each of
the output buffers, and may output the output signal of each
of the adders to a corresponding one of the drain lines.
Alternatively, the video correction signal generator may
include a differentiator to differentiate an externally input
reference pulse, and an adder to add the output signal of the
differentiator and the output signal of each of the output
buffers, and may output the output signal of each of the
adders to a corresponding one of the drain lines.

[0018] The differentiator may generate a signal having a
suitable peak at least in one of the rising and falling of the
output signal of the output buffer or the reference pulse. If
the differentiator is shared among drain lines, the area
occupied by the circuit may be reduced.

[0019] Tt should be noted that the video correction signal
generator described above desirably has a correction signal
changing system to change a waveform of the correction
signal in association with the length of the drain line
between the pixel to be supplied with the video signal and
itself.

[0020] The video correction signal generator is thus pro-
vided with the correction signal changing system so that a
video signal suitable for a pixel provided for each gate line
can be provided depending upon the resistance and capaci-
tance parasitic in the drain line.

[0021] The video correction signal generator may include
a differentiator to differentiate the output signal of the output
buffer, an integrator to integrate the output signal of the
differentiator and output the result of integration in associa-
tion with an input first disenable signal, an inverting inte-
grator to invert and integrate the output signal of the
differentiator and output the result of integration in associa-
tion with an input second disenable signal, a first adder to
add the output signal of the integrator and the output signal
of the inverting integrator, and a second adder to add the
output signal of the first adder and the output signal of the
output buffer.

[0022] The video correction signal generator may also
include a differentiator to differentiate an externally input
reference pulse, an integrator to integrate the output signal
of the differentiator and output the result of integration in
association with an input first disenable signal, an inverting
integrator to invert and integrate the output signal of the
differentiator and output the result of integration in associa-
tion with an input second disenable signal, a first adder to
add the output signal of the integrator and the output signal
of the inverting integrator, and a second adder to add the
output signal of the first adder and the output signal of the
output buffer.

[0023] If such differentiators and integrators are shared
among drains, the area occupied by the circuit may be
reduced.

[0024] The nature, principle, and utility of the invention
will become more apparent from the following detailed
description when read in conjunction with the accompany-
ing drawings in which like parts are designated by like
reference numerals.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0025]

[0026] FIG. 1 is a circuit diagram of the configuration of
a conventional liquid crystal device;

[0027] FIG. 2 is a block diagram of the configuration of
a liquid crystal display device according to a first embodi-
ment of the present invention,

[0028] FIG. 3 is a circuit diagram of a specific configu-
ration of the differentiator 1 in FIG. 2;

[0029] FIG. 4 is a table of waveforms for use in illustra-
tion of the operation of the liquid crystal display device
according to the first embodiment of the present invention;

[0030] FIG. 5 is a block diagram of the configuration of
a liquid crystal display device according to a second
embodiment of the present invention;

[0031] FIG. 6 is a block diagram of the configuration of
a liquid crystal display device according to a third embodi-
ment of the present invention,

[0032] FIG.7 is a timing chart for use in illustration of the
operation of the liquid crystal display device according to
the third embodiment of the present invention,

[0033] FIG. 8A is a schematic diagram of a signal to be
superposed in the first embodiment;

[0034] FIG. 8B is a schematic diagram of a signal to be
superposed in the third embodiment;

[0035] FIG. 9 is a block diagram of the configuration of
a liquid crystal display device according to a fifth embodi-
ment of the present invention; and

[0036] FIG. 10 is a table of waveforms for use in illus-
tration of the operation of the liquid crystal display device
according to the fifth embodiment of the present invention.

In the accompanying drawings:

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0037] Liquid crystal display devices according to
embodiments of the present invention will be now described
in detail in conjunction with the accompanying drawings.
FIG. 2 is a block diagram of the configuration of a liquid
crystal display device according to a first embodiment of the
present invention. FIG. 3 is a circuit diagram of a specific
configuration of the differentiator 1 shown in FIG. 2.

[0038] In the first embodiment, as shown in FIG. 2, a thin
film transistor is provided for each of the pixels arranged in
a matrix. A plurality of thin film transistors T11, . . ., Tml,
..., Tnl, ... forming the first column have their drains
connected in common to a drain line DI. Similarly, a
plurality of thin film transistors T12, ..., Tm2, ..., Tn2,
.. . forming the second column have their drains connected
in common to a drain line D2. A plurality of thin film
transistors T13, ..., Tm3, ..., Tn3, .. . forming the third
column have their drains connected in common to a drain
line D3. A plurality of thin film transistors T14, . . . , Tm4,
..., Tnd, forming the fourth column have their drains
connected in common to a drain line D4. Thus, a plurality of
thin film transistors Tla, ..., Tma, ..., Tna, ... forming
the a-th column have their drains connected in common to
a drain line Da.
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[0039] A plurality of thin film transistors T11, T12, T13,
T14, . . . forming the first row have their gates connected in
common to a gate line G1. Similarly, a plurality of thin film
transistors Tm1, Tm2, Tm3, Tm4, . . . forming the m-th row
have their gates connected in common to a gate line Gm, and
a plurality of thin film transistors Tnl, Tn2, Tn3, Tnd4, . . .
forming the n-th row have their gates connected in common
to a gate line Gn. Thus, a plurality of thin film transistors
Tbl, Tb2, Tb3, Tb4, . . . forming the b-th row have their
gates connected in common to a gate line Gb.

[0040] An adder 2 is connected to each of the drain lines.
The adder 2 has an input end connected to any of the output
buffers B1, B2, B3, B4, . . . and to the output end of the
differentiator 1. The differentiator 1 has its input end con-
nected to any of the output ends of the output buffers B1, B2,
B3, B4, . . . An output signal from each adder 2 is supplied
to a thin film transistor connected to each drain line. In the
first embodiment, the differentiator 1 and the adder 2 con-
stitute a video correction signal generator.

[0041] The differentiator 1 is provided with a capacitive
element C connected between an output buffer Ba and the
adder 2 as shown in FIG. 3. There is also provided a DC
power supply V to supply common voltage, i.e., intermedi-
ate voltage for voltage applied to the liquid crystal. A
plurality of resistive elements R are connected in series to
one another between the DC power supply V and the
capacitive element C on the side of the adder 2. A switch
element S formed of a transistor for example is connected
each between the resistive elements R and to the resistive
element R at the nearest position to the capacitive element
C on its capacitive element C side. The other end of the
switch element S is connected to the DC power supply V,
and there is provided a shift register SR to switch on/off the
switch element S.

[0042] Note that as shown in FIG. 3, a sample-hold circuit
SH is connected to the input end of each output buffer Ba.

[0043] Using the shift register SR, a plurality of switch
elements S are turned on/off based on a clock signal VCK
and a shift pulse VSP. More specifically, the longer the
length of the drain line between a pixel to be provided with
avideo signal as an input and the output buffer Ba, the larger
will be the number of switch elements S to be turned off so
that the amount of differentiation increases.

[0044] The operation of the liquid crystal display device
according to the first embodiment having the above-de-
scribed configuration will be now described. FIG. 4 is a
table of waveforms for use in illustration of the operation of
the liquid crystal display device according to the first
embodiment of the present invention. For the purpose of
comparison, FIG. 4 also shows the waveform in a drain line
in the conventional liquid crystal display device shown in
FIG. 1.

[0045] Upon input of a video signal from the sample-hold
circuit SH to the output buffers B1, B2, B3, B4, . . . , the
output buffers B1, B2, B3, B4, . . . each output the video
signal. The video signal output from each of the output
buffers B1, B2, B3, B4, . . . is input to the differentiator 1 and
the adder 2. If for example the thin film transistors T11, T12,
T13, T14, . . . connected to the gate line G1 in the first row
are to be driven, all the switch elements S are turned on in
the differentiator 1 and no differentiation is executed. The
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signal output from the adder 2 is therefore the same as the
video signal output from the output buffers B1, . . . . Note
however that in this case, since the length of the drain lines
D1,D2,D3, D4, . . . between the gate line G1 and the output
buffers B1, . . . is short, no rounding is caused in the
waveform before a signal is supplied to the thin film
transistors. As a result, as shown in FIG. 4, a normal
waveform is input to each pixel through the thin film
transistors T11, T12, . . . connected to the gate line G1.

[0046] Meanwhile, when the thin film transistors Tml,
Tm2, Tm3, Tm4, . . . connected to the gate line Gm in the
m-th row are to be driven, in the differentiator 1, a plurality
of switch elements S from the side of the capacitive element
C are turned off and a prescribed amount of differentiation
is executed. As a result, the output waveform of the differ-
entiator 1 is a waveform produced by adding a signal having
some peak at the rising and falling of the video signal to that
video signal as shown in FIG. 4. Therefore, the signal output
from the adder 2 is a signal produced by adding a signal
having some peak to the video signal output from the output
buffer B, . .. The signal is then output to the drain line, and
the waveform is to be rounded by the resistance and capaci-
tance parasitic in the gate line Gm before the signal reaches
the thin film transistors Tm1, . . . connected to the gate line
Gm. As a result, when a video signal is supplied to these thin
film transistors Tml, . . ., the waveform is returned to the
normal waveform as shown in FIG. 4. Then the normal
waveform is input to each pixel through the thin film
transistors Tm1, Tm2, . . . connected to the gate line Gm.

[0047] When the thin film transistors Tnl, Tn2, Tn3, Tn4,
... connected to the gate line Gn in the n-th row are to be
driven, in the differentiator 1, a plurality of switch elements
S on the side of the capacitive element C are turned off, and
a prescribed amount of differentiation is executed. In this
case, the number of the switch elements S to be turned off
is larger than that in the case of the gate line Gm in the m-th
row. As a result, the output waveform of the differentiator 1
attains a waveform produced by adding a signal having a
peak higher than that in the case of the gate line Gm in the
m-th row to the rising and falling of the video signal as
shown in FIG. 4. The signal output from the adder 2 is
therefore a signal produced by adding a signal having a
higher peak to the video signal output from the output
buffers B1 . . .. The signal is then output to the drain line,
and has its waveform rounded by the resistance and capaci-
tance parasitic in the gate line Gn before the signal reaches
the thin film transistors Tnl, . . . connected to the gate line
Gn. The gate line Gn is at a position farther from the output
buffer Ba than the gate line Gm, and therefore the degree of
rounding is greater. As a result, when a video signal is
supplied to the thin film transistors Tnl, . . . , the waveform
is returned to the normal waveform as shown in FIG. 4. The
normal waveform is input to each pixel through the thin film
transistors Tnl, Tn2, . . . connected to the gate line Gn.

[0048] Thus, according to this embodiment, the amount of
differentiation executed by the differentiator 1 is adjusted
based on a gate line to which a thin film transistor to be
supplied with a video signal is connected. Then, the output
signal of the differentiator 1 and the output signal of the
output buffer Ba are added by the adder 2 for output to the
drain line. As a result, a desired waveform is attained before
the video signal reaches a prescribed thin film transistor.
This prevents variations in video images, and an image
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having a desired luminance may be obtained regardless of
the distance between the pixel and the output buffer.

[0049] A second embodiment of the present invention will
be now described. In the first embodiment, the differentiator
1 and the adder 2 are provided for each drain line, but the
operation thereof is common among the drain lines, and
therefore a differentiator may be shared among drain lines.
In the second embodiment, a differentiator is shared among
drain lines. Note that the second embodiment is achieved by
a dot inversion type, liquid crystal display device. FIG. § is
a block diagram of the configuration of the liquid crystal
display device according to the second embodiment of the
present invention. In the second embodiment shown in FIG.
5, the same elements as those in the first embodiment shown
in FIGS. 2 and 3 are denoted by the same reference
characters and a detailed description thereof is not provided.

[0050] In the second embodiment, there is a differentiator
3 provided with a polarity inversion signal PL/NL as a
reference signal rather than the output signal of an output
buffer. In the differentiator 3, a ground potential is supplied
instead of the common voltage in the first embodiment. Note
that the differentiator 3 has an output end connected to an
inverting amplifier AMP1 and a non-inverting amplifier
AMP2. The gains of the inverting amplifier AMP1 and the
non-inverting amplifier AMP2 are equal.

[0051] Drain lines D1, D2, D3, D4, D5, D6, . . . are each
connected to the output end of an adder 2 similarly to the
first embodiment. The adders 2 have their respective one
input ends connected to output buffers B1, B2, B3, B4, BS,
B6, . . . each connected to a sample-hold circuit (not shown).
The adders 2 have the other input ends alternately connected
to the non-inverting amplifier AMP2 and the inverting
amplifier AMP1 from the first column. In the second
embodiment, the differentiator 3, the adder 2, the inverting
amplifier AMP1 and the non-inverting amplifier AMP2
constitute a video correction signal generator.

[0052] The operation of the liquid crystal display device
according to the second embodiment having the above-
described configuration will be now described.

[0053] A shift register SR turns on/off a plurality of switch
elements S depending on the position of a gate line to which
a thin film transistor to be driven based on a clock signal
VCK and a shift pulse VSP is connected. A specific opera-
tion thereof is the same as that of the first embodiment, and
therefore no description is provided here. As a result, the
polarity inversion signal PL/NL is subjected to differentia-
tion, and a resulting signal is input to the inverting amplifier
AMP1 and the non-inverting amplifier AMP2. The size of
the signal input to the inverting amplifier AMP1 and the
non-inverting amplifier AMP2 is larger as the position of the
gate line is farther from the output buffer.

[0054] The inverting amplifier AMP1 then amplifies an
input signal with a prescribed gain, and inverts the polarity
for output. Meanwhile, the non-inverting amplifier AMP2
amplifies an input signal with a prescribed gain for output.

[0055] A signal output from the inverting amplifier AMP1
is input to the adders 2 arranged in even columns, while a
signal output from the non-inverting amplifier AMP2 is
input to the adders 2 arranged in odd columns. The adders
2 are each provided with a video signal as an input from
output buffers B1, . . . . A signal resulting from adding a
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differential signal by the differentiator 3 to the video signal
is output to the drain lines D1, D3, D35, . . . from the adders
2 arranged in the odd columns. A signal resulting from
adding the inverse of a differential signal by the differen-
tiator 3 to the video signal is output to the drain lines D2, D4,
D6, . . . from the adders 2 arranged in the even columns.

[0056] The waveform of the signals output to the drain
lines D1, . . . from the adders 2 is rounded by the resistance
and capacitance parasitic in the drain lines, so that a normal
waveform is attained when the signal reaches a thin film
transistor connected to a prescribed gate line. The normal
waveform is input to each pixel through the thin film
transistor connected to the gate line.

[0057] Thus, according to the second embodiment, simi-
larly to the first embodiment, a video signal attains a desired
waveform when it reaches a prescribed thin film transistor.
This prevents variations in video images, and an image with
a desired luminance may be obtained regardless of the
distance between the pixel and the output buffer. Since the
differentiator 3 is shared among the drain lines, the area
occupied by the video correction signal generator may be
smaller than that in the first embodiment.

[0058] A third embodiment of the present invention will
be now described. In the third embodiment, the arrangement
between the output buffer and the adder is different from that
in the first embodiment. FIG. 6 is a block diagram of the
configuration of a liquid crystal display device according to
the third embodiment of the present invention. Note that in
the third embodiment shown in FIG. 6, the same elements
as those in the first embodiment shown in FIGS. 2 and 3 are
denoted by the same reference characters and a detailed
description thereof is not provided.

[0059] In the third embodiment, the output buffer Ba has
its output end connected to a differentiator 4. The amount of
differentiation by this differentiator 4 changes in association
with the length of the drain line similarly to the first and
second embodiments. The differentiator 4 has its output end
connected to an integrator § and an inverting integrator 6.
The integrator 5 is provided as an input with a disenable
signal DE1 which attains a low level in response to a rising
of the output signal of the output buffer Ba. The inverting
integrator 6 is provided as an input with a disenable signal
DE2 which attains a low level in response to a falling of the
output signal of the output buffer Ba. Furthermore, in the
third embodiment, an adder 7 to add the output signals of the
integrator 3 and the inverting integrator 6 is provided. The
output signal of the adder 7 is input to the adder 2, from
which the sum of the output signals of the output buffer Ba
and the adder 7 is output onto the drain line Da. In the third
embodiment, the differentiator 4, the integrator 5, the invert-
ing integrator 6, the adder 7 and the adder 2 constitute a
video correction signal generator.

[0060] The operation of the liquid crystal display device
according to the third embodiment having the above-de-
scribed configuration will be now described. FIG. 7 is a
timing chart for use in illustration of the operation of the
liquid crystal display device according to the third embodi-
ment of the present invention. Note that (1), (2), (5), (6), (7),
(8) and (9) in FIG. 7 show waveforms at positions denoted
by the same numerals in FIG. 6 and (3) and (4) in FIG. 7
show the waveforms of the output signals of the integrator
5 and the inverting integrator 6 when the disenable signals
DE1 and DE2 are not input to them, respectively.
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[0061] A signal input to the differentiator 4 from the
output buffer Ba is differentiated by the differentiator 4 and
output. The peak of the output signal of the differentiator 4
gradually increases as shown in FIG. 7 at (2).

[0062] When the output signal of the differentiator 4 is
simply integrated, the waveform shown in FIG. 7 at (3)
results, while when the output signal of the differentiator 4
is simply inverted and integrated, the waveform shown in
FIG. 7 at (4) results. In the present embodiment, since the
disenable signals DE1 and DE2 shown in FIG. 7 at (5) and
(6) are input to the integrator 5 and the inverting integrator
6, the waveforms corresponding to the signals when the
disenable signals attain a low level are output. These are the
waveforms shown in FIG. 7 at (7) and (8).

[0063] The adder 7 takes the sum of the output signals of
the integrator 5 and the inverting integrator 6, and therefore
the signal having the waveform shown in FIG. 7 at (9) is
output as the sum of the waveforms in FIG. 7 at (7) and (8).

[0064] Thereafter, the sum of this signal and the video
signal at the output buffer Ba is output to the drain line Da
from the adder 2. A signal having its peak gradually
increased is superposed upon the video signal output at this
time. As a result, the waveform is rounded by the resistance
and capacitance parasitic in the drain line Da. However, a
normal waveform results by the rounding about as much as
the superposed amount when the signal reaches a thin film
transistor connected to a prescribed gate line. Therefore,
variations in video images can be prevented similarly to the
first and second embodiments.

[0065] The height of the peak of the signal superposed on
the video signal in the third embodiment is lower than that
of the signal superposed in the first and second embodi-
ments. This is because the signal resulting from the differ-
entiation is superposed as is in the first and second embodi-
ments, while in the third embodiment, the sum of the
integrated signal and the. inverted and integrated signal is
taken thereafter. FIG. 8A is a schematic diagram of a signal
to be superposed in the first embodiment, and FIG. 8B is a
schematic diagram of a signal to be superposed in the third
embodiment. In the third embodiment, if the height of the
peak is low, the effect of preventing image variations similar
to the first embodiment results by allowing the peak portion
to have almost the same area. Furthermore, if the height of
the peak is thus low, the dynamic range of the adder does not
have to be widen from the conventional range. Meanwhile,
in the first embodiment, the dynamic range should be
increased in some cases depending upon the height of the
peak of the signal to be superposed, which requires another
driver.

[0066] A fourth embodiment of the present invention will
be now described. The fourth embodiment is achieved by
combining the second and third embodiments. More spe-
cifically, a differentiator 4 shown in FIG. 6 instead of the
differentiator 3 shown in FIG. 3, an integrator 3, an invert-
ing integrator 6 and an adder 7 are provided. The differen-
tiator 4 is provided as an input with a polarity inversion
signal rather than the video signal from the output buffer.

[0067] According to the fourth embodiment having this
configuration, not only the effect of preventing video image
variations, but also provided are the effect of saving the
occupied area according to the second embodiment and the
effect of not having to expand the dynamic range according
to the third embodiment.
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[0068] A fifth embodiment of the present invention will be
now described. In the first to fourth embodiments described
above, a different signal is superposed on the video signal
for each gate line, but in the fifth embodiment, a previously
superposed, large signal is adjusted before application to the
liquid crystal. FIG. 9 is a block diagram of the configuration
of a liquid crystal display device according to the fifth
embodiment of the present invention. Note that in the fifth
embodiment shown in FIG. 9, the elements the same as
those in the first embodiment shown in FIG. 2 are denoted
with the same reference characters and a detailed description
thereof is not provided.

[0069] In the fifth embodiment, the outputs of output
buffers B1, B2, . . . cach branch, and a differentiator 8 is
connected each between one of the branches and the adder
2. The differentiator 8 is used to differentiate an input signal
in an equal amount to the case when a video signal is
supplied to a pixel provided at the farthest position from the
output buffer in the first embodiment.

[0070] A resistive element R1 is connected each between
transistors T11, T12, . . . in the first row and the liquid
crystals, and a resistive element Rm is connected each
between transistors Tm1, Tm2, . . . in the m-th row and the
liquid crystals. A resistive element Rn is connected each
between transistors Tnl, Tn2, . . . in the n-th row and the
liquid crystals. The resistance value of the resistive element
R1 is larger than that of the resistive element Rm, while the
resistance value of the resistive element Rm is larger than
that of the resistive element Rn. More specifically, a resistive
element provided for a pixel having a larger drain line length
to the output buffers B1, B2, . . . is set to have a smaller
resistance value. In the fifth embodiment, the differentiator
8 and the adder 2 constitute a video correction signal
generator.

[0071] The operation of the liquid crystal display device
according to the fifth embodiment having the above con-
figuration will be now described. FIG. 10 is a table of
waveforms for use in illustration of the operation of the
liquid crystal display device according to the fifth embodi-
ment of the present invention. Note that in FIG. 10, wave-
forms in a drain line in the conventional liquid crystal
display device shown in FIG. 1 are also included for the
purpose of comparison.

[0072] Avideo signal is input to the output buffers B1, B2,
from a sample-hold circuit (not shown) and output there-
from. The video signal output from the output buffers B1,
B2, . . .is input to the differentiator 8 and the adder 2. The
signal input to the differentiator 8 is differentiated and input
to the adder 2. The amount of differentiation at this time is
preferably more or less such an amount not to be eliminated
by waveform rounding when the video signal is supplied to
the pixel the farthest from the output buffers B1, B2, . . . .

[0073] Then, the sum of the video signal at the output
buffers B1, B2, . . . and the differentiation signal from the
differentiator 8 is output to each drain line D1, D2, .. .. The
output signal has its waveform more rounded as a function
of the distance from the adder 2 as shown in FIG. 10, but the
waveform will not be smaller than the original waveform
because a differentiation signal is superposed.

[0074] Thus, in the present embodiment, the signal output
to the thin film transistor has a waveform produced by
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superposing some signal on a normal waveform. When thin
film transistors turn on by a control signal from the gate lines
Gl,...,Gm,...,Gn,the signal supplied to the drains of
the thin film transistors is input to the resistive elements R1,
..., Rm, ..., Rn, rounded and then applied to the liquid
crystal. At this time, the above-described relation is estab-
lished among the resistive elements R1, Rm and Rn, and
therefore the degree of the waveform rounding is larger for
those closer to the adder 2. As a result, as shown in FIG. 10,
voltage having a normal waveform is applied to the liquid
crystal.

[0075] Thus, also in the fifth embodiment, the voltage
applied to the liquid crystal has a desired waveform. As a
result, video image variations may be prevented, and video
images having a desired luminance may result regardless of
the distance between the pixel and the output buffer.

[0076] A sixth embodiment of the present invention will
be now described. The sixth embodiment is achieved by
combining the second and fifth embodiments. More specifi-
cally, a differentiator 8 shown in FIG. 9 is provided instead
of the differentiator 3 in FIG. 5. Instead of the video signal
from the output buffer, a polarity inversion signal is input to
the differentiator 8.

[0077] In the sixth embodiment having the above-de-
scribed configuration, not only the effect of preventing video
image variations, but also provided is the effect of saving the
occupied area according to the second embodiment.

[0078] Tt should be noted that the signal to be superposed
to the video signal output from the output buffer is not
limited to the signal described above, but any signal to be
superposed on account of waveform rounding in that the
level of the video signal changes may be used. For example,
a signal having a square waveform may be superposed.

[0079] Furthermore, the level of a supplied signal at the
time of falling is stored at a pixel in the liquid crystal display
device as described above. Therefore, if waveform rounding
exists at the time of rising of the waveform, the effect of the
present invention may still be provided as long as the signal
level at the time of falling is a prescribed level.

[0080] Therefore, in the fifth and sixth embodiments, a
resistive element is provided for each pixel, but part or all of
the resistive elements may be omitted if the level of a signal
is normal at the time of falling for all the pixels.

[0081] In addition, the adder and the differentiator may be
provided either inside the source driver provided with the
output buffer or outside, but they should be provided at least
on the output side of the output buffer.

[0082] As in the foregoing, since a video correction signal
generator to superpose a correction signal on the output
signal of an output buffer is provided, even with waveform
rounding caused by resistance and capacitance parasitic in a
drain line, the wave height of a video signal supplied to a
desired pixel at the time of falling may be appropriately
adjusted. As a result, video image variations may be pre-
vented.

[0083] Furthermore, if a resistive element of a prescribed
resistance value is connected in series to the source of a thin
film transistor forming a pixel so that even with a large video
signal input to the pixel, voltage to be applied to the liquid
crystal may be appropriately adjusted.
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[0084] 1In addition, the differentiator provided in the video
correction signal generator allows a signal having an appro-
priate peak in at least one of the rising and falling of the
output signal of the output buffer or a reference pulse signal
to be generated. If the differentiator is shared among drain
lines, the area occupied by the circuit may be reduced.

[0085] While there has been described what are at present
considered to be preferred embodiments of the invention, it
will be understood that various modifications may be made
thereto, and it is intended that the appended claims cover all
such modifications as fall within the true spirit and scope of
the invention.

What is claimed is:
1. A liquid crystal display device, comprising:

a plurality of pixels arranged in a matrix;

a drain line provided for each column of said plurality of
pixels;

a gate line provided for each row of said plurality of
pixels;

an output buffer to output a video signal to be supplied to
said drain line; and

a video correction signal generator to superpose a correc-

tion signal on the output signal of said output buffer.

2. The liquid crystal display device according to claim 1,
wherein said video correction signal generator superposes
said correction signal on the output signal of said output
buffer at least in one of the rising and falling of the output
signal.

3. The liquid crystal display device according to claim 1,
wherein said video correction signal generator changes a
waveform of said correction signal in synchronization with
the timing in which said gate line is driven.

4. The liquid crystal display device according to claim 1,
wherein

said pixel includes a thin film transistor having a drain
connected to said drain line, and a resistive element
connected in series to a source of said thin film tran-
sistor, and

the resistance value of said resistive element is reduced as
the length of said drain line between the pixel and said
video correction signal generator increases.
5. The liquid crystal display device according to claim 1,
wherein

said video correction signal generator includes a differ-
entiator to differentiate the output signal of each said
output buffer, and an adder to add the output signal of
each said differentiator and the output signal of each
said output buffer, and

said video correction signal generator outputs the output
signal of each said adder to a corresponding one of said
drain lines.
6. The liquid crystal display device according to claim 1,
wherein

said video correction signal generator includes a differ-
entiator to differentiate an externally input reference
pulse, and an adder to add the output signal of the
differentiator and the output signal of each said output
buffer, and
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said video correction signal generator outputs the output
signal of each said adder to a corresponding one of said
drain lines.

7. The liquid crystal display device according to claim 1,
wherein said video correction signal generator includes a
correction signal changing system to change a waveform of
said correction signal in association with the length of said
drain line between a pixel to be supplied with said video
signal and itself.

8. The liquid crystal display device according to claim 1,
wherein said video correction signal generator includes:

a differentiator to differentiate the output signal of said
output buffer;

an integrator to integrate the output signal of said differ-
entiator and output the result of integration in associa-
tion with an input first disenable signal;

an inverting integrator to invert and integrate the output
signal of said differentiator and output the result of
integration in association with an input second disen-
able signal;

a first adder to add the output signal of said integrator and
the output signal of said inverting integrator; and

a second adder to add the output signal of said first adder
and the output signal of said output buffer.
9. The liquid crystal display device according to claim 1,
wherein said video correction signal generator includes:

a differentiator to differentiate an externally input refer-
ence pulse;

an integrator to integrate the output signal of said differ-
entiator and output the result of integration in associa-
tion with an input first disenable signal;

an inverting integrator to invert and integrate the output
signal of said differentiator and output the result of the
integration in association with an input second disen-
able signal;

a first adder to add the output signal of said integrator and
the output signal of said inverting integrator; and

a second adder to add the output signal of said first adder
and the output signal of said output buffer.
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10. The liquid crystal display device according to claim 7,
wherein said video correction signal generator includes:

a differentiator to differentiate the output signal of said
output buffer;

an integrator to integrate the output signal of said differ-
entiator and output the result of integration in associa-
tion with an input first disenable signal;

an inverting integrator to invert and integrate the output
signal of said differentiator and output the result of
integration in association with an input second disen-
able signal;

a first adder to add the output signal of said integrator and
the output signal of said inverting integrator; and

a second adder to add the output signal of said first adder
and the output signal of said output buffer.
11. The liquid crystal display device according to claim 7,
wherein said video correction signal generator includes:

a differentiator to differentiate an externally input refer-
ence pulse;

an integrator to integrate the output signal of said differ-
entiator and output the result of integration in associa-
tion with an input first disenable signal;

an inverting integrator to invert and integrate the output
signal of said differentiator and output the result of
integration in association with an input second disen-
able signal;

a first adder to add the output signal of said integrator and
the output signal of said inverting integrator; and

a second adder to add the output signal of said first adder

and the output signal of said output buffer.

12. The liquid crystal display device according to claim 5,
wherein said differentiator includes a shift register, and a
potential switching system to switch a potential at an output
end in association with the output signal of said shift
register.
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