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LIQUID CRYSTAL DISPLAY DEVICE AND
LIQUID CRYSTAL DISPLAY DRIVING
CIRCUIT

TECHNICAL FIELD

The present invention relates to (i) a liquid crystal display
device such as an active matrix type liquid crystal display
device used in a display screen such as a television device
display, a personal computer monitor, and the like, and (ii) a
liquid crystal display driving circuit used in the liquid crystal
display device.

BACKGROUND ART

Conventionally, a liquid crystal display device includes a
plurality of scanning signal lines (gate signal lines) and a
plurality of video signal lines (source signal lines) which
intersect with each other, and includes a liquid crystal panel
having display pixel sections, disposed in a matrix manner,
each of which is provided in each of areas sectioned by both
the signal lines so as to be connected to each gate signal line
and each source signal line. Each display pixel section
includes: a liquid crystal capacitor Clc provided between a
pixel electrode and a counter electrode; and a thin film tran-
sistor (TFT) whose gate electrode is connected to the gate
signal line, source electrode is connected to the source signal
line, and drain electrode is connected to the pixel electrode,
wherein an auxiliary capacitor Cs is provided as necessary.

In a vicinity of the liquid crystal panel, source drivers are
provided so as to correspond to the plurality of source signal
lines respectively, and each of the source drivers supplies to
corresponding source lines, a video signal corresponding to
video display of each display pixel sections connected to the
source signals. In order to prevent burning of liquid crystal,
the video signal is such that positive polarity and negative
polarity with respect to a counter electrode potential are alter-
nately supplied. Such driving of the liquid crystal panel is
referred to as “inversion driving”.

Further, in the vicinity of the liquid crystal panel, gate
drivers are provided so as to correspond to the plurality of gate
signal lines, wherein each of the gate drivers supplies to
corresponding gate signal lines scanning signal for selec-
tively driving a display pixel section connected to the gate
signal line.

In each pixel section, when the scanning signal causes the
TFT to be ON, the video signal is supplied to the pixel
electrode via the TFT, and orientation of liquid crystal serving
as a display medium sandwiched by both the electrodes varies
according to a potential difference between a counter elec-
trode potential and a pixel electrode potential, so that not only
letters, symbols, and the like, but also various kinds of images
are displayed in the display screen with entire pixel sections.

In the liquid crystal display device, each display pixel
includes not only the liquid crystal capacitor Clc and the
auxiliary capacitor Cs but also a source-drain parasitic
capacitance Cgd of the TFT. Thus, in each pixel section, a
charge pull-in voltage (charge pull-in amount) AV expressed
by the following expression 1 occurs due to the gate-drain
parasitic capacitance Cgd, so thata voltage actually applied to
the liquid crystal varies so that the variation corresponds to
the charge pull-in amount AV. Note that, in the following
expression 1, VGH represents a gate high voltage of the
scanning signal line, and VGL represents a gate low voltage
of the scanning signal line.

AV={Ced/(Ced+Cle+Cls)}x(VGH-VGL)
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Further, the charge pull-in amount AV varies in the display
screen of the liquid crystal panel, so that there occurs a flicker,
that is, a displayed image flickers. Examples of the flicker
include the following two types.

(1) Inthe liquid crystal panel, there are a wiring resistance and
a parasitic capacitance in the gate signal line, so that a gate
signal has a round waveform as further away from a signal
input terminal side of the gate signal line. As a result, the
charge pull-in amount AV varies due to the gate-drain
parasitic capacitance Cgd of each pixel section. The varia-
tion of the charge pull-in amount AV causes occurrence of
a deviation of a center value between a voltage applied to a
liquid crystal layer at the time of positive driving in the
display screen of the liquid crystal panel and a voltage
applied to the liquid crystal layer at the time of negative
driving, so that the flicker occurs.

(2) In the step of forming a pixel pattern on a glass substrate,
itis difficult to form the pixel pattern on an entire surface of
the glass substrate at once in case where the glass substrate
has a large surface area, so that the surface area is divided
into plural blocks and then formation of the pixel pattern is
carried outplural times so as to correspond to the blocks. In
this case, the gate-drain parasitic capacitance Cgd has a
deviation in the display screen of the liquid crystal panel
due to an alignment position or a pattern formation
device’s characteristic and the like. The deviation of the
parasitic capacitance Cgd results in variation of the charge
pull-in amount AV expressed by the aforementioned
expression. Thus, there occurs a deviation of a center value
between a voltage applied to a liquid crystal layer at the
time of positive driving in the display screen of the liquid
crystal panel and a voltage applied to the liquid crystal
layer at the time of negative driving, so that the flicker
oceurs.

The flicker (1) is caused by the round waveform of the gate
signal. Generally, the gate signal lines are disposed in a hori-
zontal direction in the display screen, so that it is possible to
reduce the flicker by correcting a slant of the charge pull-in
amount AV in the horizontal direction.

Further, the flicker (2) is caused by a characteristic in the
step of forming the pixel pattern. Thus, in case where forma-
tion of the pixel pattern is carried out plural times, it is
possible to reduce the flicker by correcting the deviation of
the charge pull-in amount AV in each formation block.

Further, Japanese Unexamined Patent Publication No.
22325/2001 (Tokukai 2001-22325) (Publication date: Jan.
26, 2001) (hereinafter, referred to as “Patent Document 1)
discloses a liquid crystal display device arranged so that an
element which can obtain a desired resistance by an external
input such as a potentiometer is provided on a gradation
voltage generation circuit so as to be capable of adjusting a
gradation characteristic without varying a circuit constant
after designing a driving circuit.

DISCLOSURE OF INVENTION

The factors of the aforementioned two types of flickers are
basically different from each other, but both the flickers are
caused by the deviation of the charge pull-inamount AV inthe
display screen of the liquid crystal panel. Thus, it is possible
to reduce the flicker by adjusting a value of a gradation
voltage applied to the liquid crystal layer in accordance with
the deviation of the charge pull-in amount AV in the display
screen of the liquid crystal panel.

However, variation caused by the adjustment of the grada-
tion voltage value results in not only variation such as a flicker
caused by a deviation of a center value between a positive
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voltage and a negative voltage in each gradation but also
variation of a display quality due to gradation characteristic
variation such as so-called I" value variation. Thus, a structure
which allows reduction of the flicker without varying the
gradation characteristic is required.

According to the technique of Patent Document 1, it is
possible to easily adjust the gradation voltage after designing
the driving circuit, but the adjustment ofthe gradation voltage
results in variation of the display quality due to variation of
the gradation characteristic.

The present invention is to solve the foregoing conven-
tional problems, and an object of the present invention is to
provide (i) a liquid crystal display device which can reduce
the flicker without varying the gradation characteristic and
(ii) a liquid crystal display driving circuit used in the liquid
crystal display device.

A liquid crystal display device of the present invention
comprising: a gradation voltage generation circuit for genet-
ating a gradation voltage for display; a plurality of scanning
signal lines and a plurality of video signal lines which inter-
sect with each other; and a plurality of pixel sections, pro-
vided in a two dimensional manner, which are sectioned by
the scanning signal lines and the video signal lines, the gra-
dation voltage which corresponds to each video data signal
being supplied to each of the pixel sections so as to make a
display, wherein the gradation voltage generation circuit
includes a gradation voltage adjustment section for carrying
out voltage adjustment by increasing a positive gradation
voltage VH(X) of an X-th gradation and a negative gradation
voltage VL(X) of the X-th gradation so that the increment
corresponds to an adjustment voltage of a pixel section con-
nected to a corresponding video signal line, thereby achieving
the foregoing object.

Further, it is preferable to arrange the liquid crystal display
device so as to comprise a control section for outputting the
gradation voltage and various kinds of control signals to a
source driver for supplying the gradation voltage to the video
signal lines, wherein the gradation voltage generation circuit
is provided in the control section

Further, it is preferable to arrange the liquid crystal display
device so as to comprise a source driver for supplying the
gradation voltage to the video signal lines, wherein the gra-
dation voltage generation circuit is provided in the source
driver.

Preferably, a liquid crystal display device of the present
invention comprising: a display section which includes a
plurality of scanning signal lines and a plurality of video
signal lines so that the scanning signal lines and the video
signal lines intersect with each other and which includes pixel
sections sectioned by the scanning signal lines and the video
signal lines so that the pixel sections are provided in a matrix
manner; a plurality of source drivers, provided in a vicinity of
the display section so as to respectively correspond to a pre-
determined number of the video signal lines, each of which
source drivers selectively supplies a positive gradation volt-
age or a negative gradation voltage as a video signal; and a
plurality of gate drivers, provided in a vicinity of the display
section so as to respectively correspond to a predetermined
number of the scanning signal lines, each of which gate
drivers selectively supplies a scanning signal for driving each
of the pixel sections to each of the scanning signal lines;
wherein gradation voltage generation circuits each of which
generates a gradation voltage for display are provided in the
source drivers respectively, and each of the gradation voltage
generation circuits includes a gradation voltage adjustment
section for carrying out voltage adjustment by increasing a
positive gradation voltage VH(X) of an X-th gradation and a
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negative gradation voltage VI(X) of the X-th gradation so
that the increment corresponds to an adjustment voltage of a
pixel section connected to a corresponding video signal line,
thereby achieving the foregoing object.

Further, it is preferable to arrange the liquid crystal display
device so that the pixel section includes (i) a switch element
whose control terminal is connected to a scanning signal line
in a vicinity of each of the junctions of the scanning signal
lines and the video signal lines and whose one driving region
is connected to a video signal line in the vicinity of the
junction and (ii) a pixel electrode connected to the other
driving region of the switch element.

Further, it is preferable to arrange the liquid crystal display
device so that the gradation voltage adjustment section carries
out voltage adjustment for each video signal line or every
plural video signal line in a single frame by increasing the
positive gradation voltage VH(X) of the X-th gradation and
the negative gradation voltage VL(X) of the X-th gradation so
that the increment corresponds to the adjustment voltage of
the pixel section connected to the corresponding video signal
line.

Further, it is preferable to arrange the liquid crystal display
device so that the gradation voltage adjustment section carries
out voltage adjustment for each video signal line or every
plural video signal line in a single frame by increasing the
positive gradation voltage VH(X) of the X-th gradation and
the negative gradation voltage VL(X) of the X-th gradation so
that the increment corresponds to the adjustment voltage of
the pixel section connected to the corresponding scanning
signal line.

Further, it is preferable to arrange the liquid crystal display
device so that the gradation voltage adjustment section carries
out voltage adjustment for each source driver by increasing
the positive gradation voltage VH(X) of the X-th gradation
and the negative gradation voltage VI(X) of the X-th grada-
tion so that the increment corresponds to the adjustment volt-
age of the pixel section connected to the corresponding video
signal line.

Further, it is preferable to arrange the liquid crystal display
device so that the gradation voltage adjustment section carries
out voltage adjustment for each source driver by increasing
the positive gradation voltage VH(X) of the X-th gradation
and the negative gradation voltage VI(X) of the X-th grada-
tion so that the increment corresponds to the adjustment volt-
age of the pixel section connected to the corresponding scan-
ning signal line.

Further, it is preferable to arrange the liquid crystal display
device so that the adjustment voltage is set so as to correspond
to a slant of a charge pull-in amount AV in a direction of the
scanning signal line.

Further, it is preferable to arrange the liquid crystal display
device so that the adjustment voltage is set so as to correspond
to a slant of a charge pull-in amount AV in a direction of the
video signal line.

Further, it is preferable to arrange the liquid crystal display
device so that the adjustment voltage is set so as to correspond
to a horizontal direction and/or vertical direction deviation of
the charge pull-in amount AV in a transfer block when a panel
in-plane deviation which occurs in the charge pull-in amount
AV due to a plural-region divisional transfer is a horizontal
direction and/or vertical direction deviation.

Further, it is preferable to arrange the liquid crystal display
device so that at each timing when each scanning signal line
or every plural scanning signal lines are selectively driven or
at each timing when the gate driver is driven, the gradation
voltage adjustment section varies the voltage VH(X) and
VL{X) including the adjustment voltage or voltages corre-
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sponding to the voltage VH(X) and VI(X) including the
adjustment voltage in a time base manner so that the voltage
is optimal for the charge pull-in amount AV of the pixel
section connected to the corresponding scanning signal line.

Further, it is preferable to arrange the liquid crystal display
device so that the gradation voltage adjustment section shifts
a minimum value and a maximum value of a gradation volt-
age range, between which the positive gradation voltage
VH(X) of the X-th gradation exists, so that also the gradation
voltage range between the minimum value and the maximum
value is shifted, so as to cause each of the minimum value and
the maximum value to be higher by the adjustment voltage,
and the gradation voltage adjustment section shifts a mini-
mum value and a maximum value of a gradation voltage
range, between which the negative gradation voltage VI(X)
of the X-th gradation exists, as well as the gradation voltage
range, so as to cause each of the minimum value and the
maximum value to be higher by the adjustment voltage.

Further, it is preferable to arrange the liquid crystal display
device so that the gradation voltage generation circuit
includes: a first voltage dividing circuit for generating a plu-
rality of positive and negative reference voltages from posi-
tive and negative standard voltages; a second voltage dividing
circuit for generating a positive gradation voltage from a
positive reference voltage; and a third voltage dividing circuit
for generating a negative gradation voltage from a negative
reference voltage, and the gradation voltage adjustment sec-
tion outputs (i) a voltage obtained by increasing each refer-
ence voltage of the first voltage dividing circuit so that the
increment corresponds to an output adjustment voltage or (i)
a voltage corresponding to that obtained voltage, to each of
the second and third voltage dividing circuits.

Further, it is preferable to arrange the liquid crystal display
device so that the gradation voltage adjustment section out-
puts (1) voltages respectively obtained by increasing high and
low positive reference voltages of the first voltage dividing
circuit so that the increment corresponds to the output adjust-
ment voltage or (II) voltages corresponding to those obtained
voltages, respectively as a maximum value and a minimum
value of a gradation voltage range of the second voltage
dividing circuit, and the gradation voltage adjustment section
outputs (III) voltages respectively obtained by increasing
high and low negative reference voltages of the first voltage
dividing circuit so that the increment corresponds to the out-
put adjustment voltage or (IV) voltages corresponding to
those obtained voltages, respectively as a maximum value
and a minimum value of a gradation voltage range of the third
voltage dividing circuit.

Further, it is preferable to arrange the liquid crystal display
device so that the gradation voltage adjustment section
includes: one or more adjustment voltage generation circuits
each of which generates an adjustment voltage so as to cor-
respond to a gradation voltage adjustment signal supplied
from a control section; and differential amplification circuits
each of which differentially amplifies a voltage obtained by
adding the output adjustment voltage of the adjustment volt-
age generation circuit to a predetermined reference voltage.

Further, it is preferable to arrange the liquid crystal display
device so that the adjustment voltage generation circuit
includes: a variable resistance element whose resistance
value is variable in accordance with a voltage value of the
gradation voltage adjustment signal; and buffer means for
receiving an output voltage from the variable resistance ele-
ment.

Further, it is preferable to arrange the liquid crystal display
device so that the variable resistance element is a potentiom-
eter.
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Further, it is preferable to arrange the liquid crystal display
device so that the differential amplification circuits are pro-
vided so as to respectively correspond to a positive maximum
gradation voltage, a positive minimum gradation voltage, a
negative maximum gradation voltage, and a negative mini-
mum gradation voltage, and a positive input terminal of each
of the differential amplification circuits is connected to an
output terminal via which a predetermined reference voltage
is outputted from the first voltage dividing circuit and an
output terminal of the adjustment voltage generation circuit,
and an output terminal of each of the differential amplifica-
tion circuits are connected to either the second voltage divid-
ing circuit or the third voltage dividing circuit.

Further, it is preferable to arrange the liquid crystal display
device so that: the differential amplification circuits are first
to fourth differential amplification circuits, and the first dif-
ferential amplification circuit receives via its positive input
terminal a voltage obtained by increasing a positive first ref-
erence voltage of the first voltage dividing circuit so that the
increment corresponds to the output adjustment voltage and
the first differential amplification circuit outputs an output
voltage to a part ofan output terminal via which the maximum
value of the gradation voltage range of the second voltage
dividing circuit is outputted, and the second differential
amplification circuit receives via its positive input terminal a
voltage obtained by increasing a positive second reference
voltage of the first voltage dividing circuit so that the incre-
ment corresponds to the output adjustment voltage and the
second differential amplification circuit outputs an output
voltage to a part of an output terminal via which the minimum
value of the gradation voltage range of the second voltage
dividing circuit is outputted, and the third differential ampli-
fication circuit receives via its positive input terminal a volt-
age obtained by increasing a negative third reference voltage
of the first voltage dividing circuit so that the increment
corresponds to the output adjustment voltage and the third
differential amplification circuit outputs an output voltage to
a part of an output terminal via which a maximum value of a
gradation voltage range of the third voltage dividing circuit is
outputted, and the fourth differential amplification circuit
receives via its positive input terminal a voltage obtained by
increasing a negative fourth reference voltage of the first
voltage dividing circuit so that the increment corresponds to
the output adjustment voltage and the fourth differential
amplification circuit outputs an output voltage to a part of an
output terminal via which a minimum value of the gradation
voltage range of the third voltage dividing circuit is outputted.

Further, it is preferable to arrange the liquid crystal display
device so that: the adjustment voltage generation circuits are
first to n-th (n is a natural number not less than 2) adjustment
voltage generation circuits for generating, adjustment volt-
ages corresponding to respective gradations, and the number
of the differential amplification circuits is nx2 so as to corre-
spond to each of positive and negative gradation voltages, and
a positive input terminal of each of the differential amplifica-
tion circuits is connected to (I) an output section via which a
predetermined reference voltage is outputted from the first
voltage dividing circuitand (IT) any one of output terminals of
the first to n-th adjustment voltage generation circuits which
corresponds to the output section, and an output terminal of
each of the differential amplification circuits is connected to
either a position of the second voltage dividing circuit or a
position of the third voltage dividing circuit so that the posi-
tions correspond to each other as positive and negative sides.

Further, it is preferable to arrange the liquid crystal display
device so that: the adjustment voltage generation circuits are
first to third adjustment voltage generation circuits for gen-
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erating adjustment voltages according to gradations respec-
tively corresponding to a maximum gradation voltage, an
intermediate gradation voltage, and a minimum gradation
voltage, and the differential amplification circuits are pro-
vided so that output voltage values thereof respectively
become a positive maximum gradation voltage, a positive
intermediate gradation voltage, a positive minimum grada-
tion voltage, a negative maximum gradation voltage, a nega-
tive intermediate gradation voltage, a negative minimum gra-
dation voltage, and a positive input terminal of each of the
differential amplification circuits is connected to (T) an output
section via which a predetermined reference voltage is out-
putted from the first voltage dividing circuit and (IT) any one
of output terminals of the first to third adjustment voltage
generation circuits which corresponds to the output section,
an output terminal of each of the differential amplification
circuits is connected to either the second voltage dividing
circuit or the third voltage dividing circuit so that the second
and third voltage dividing circuits symmetrically correspond
to each other as positive and negative sides.

Further, it is preferable to arrange the liquid crystal display
device so that: the differential amplification circuits are first
to sixth differential amplification circuits, and the first differ-
ential amplification circuit receives via its positive input tet-
minal a voltage obtained by increasing a positive first refer-
ence voltage of the first voltage dividing circuit so that the
increment corresponds to the output adjustment voltage of the
first adjustment voltage generation circuit and the first differ-
ential amplification circuit outputs an output voltage to a part
of an output terminal via which a positive maximum grada-
tion voltage of the second voltage dividing circuit is output-
ted, and the second differential amplification circuit receives
via its positive input terminal a voltage obtained by increasing
a positive second reference voltage of the first voltage divid-
ing circuit so that the increment corresponds to the output
adjustment voltage and the second differential amplification
circuit outputs an output voltage to a part of an output termi-
nal via which a positive intermediate gradation voltage of the
second voltage dividing circuit is outputted, and the third
differential amplification circuit receives via its positive input
terminal a voltage obtained by increasing a positive third
reference voltage of the first voltage dividing circuit so that
the increment corresponds to the output adjustment voltage
and the third differential amplification circuit outputs an out-
put voltage to a part of an output terminal via which a positive
minimum gradation voltage of the second voltage dividing
circuit is outputted, and the fourth differential amplification
circuit receives via its positive input terminal a voltage
obtained by increasing a negative fourth reference voltage of
the first voltage dividing circuit so that the increment corre-
sponds to the output adjustment voltage and the fourth differ-
ential amplification circuit outputs an output voltage to a part
of an output terminal via which a negative maximum grada-
tion voltage of the third voltage dividing circuit is outputted,
and the fifth differential amplification circuit receives via its
positive input terminal a voltage obtained by increasing a
negative fifth reference voltage of the first voltage dividing
circuit so that the increment corresponds to the output adjust-
ment voltage and the fifth differential amplification circuit
outputs an output voltage to a part of an output terminal via
which a negative intermediate gradation voltage of the third
voltage dividing circuit is outputted, and the sixth differential
amplification circuit receives via its positive input terminal a
voltage obtained by increasing a negative sixth reference
voltage of the first voltage dividing circuit so that the incre-
ment corresponds to the output adjustment voltage and the
sixth differential amplification circuit outputs an output volt-
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age to a part of an output terminal via which a negative
minimum gradation voltage of the third voltage dividing cir-
cuit is outputted.

Further, it is preferable to arrange the liquid crystal display
device so that the gradation voltage adjustment section carries
out voltage adjustment with respect to the positive gradation
voltage VH(X) of the X-th gradation and the negative grada-
tion voltage VI(X) of the X-th gradation so that the voltage
adjustment corresponds to each of gradations independently.

Further, it is preferable to arrange the liquid crystal display
device so as to comprise a first signal transmission line for
supplying the gradation voltage adjustment signal and a sec-
ond signal transmission line for supplying the video data
signal so that the first signal transmission line and the second
signal transmission line are positioned between the control
section and the source driver.

Further, it is preferable to arrange the liquid crystal display
device so as to comprise a signal transmission line for com-
monly supplying the gradation voltage adjustment signal and
the video data signal so that the signal transmission line is
positioned between the control section and the source driver.

Further, it is preferable to arrange the liquid crystal display
device so that: the gradation voltage adjustment signal is
supplied via the signal transmission line during a retrace line
period, and the video data signal is supplied via the transmis-
sion line during a non retrace line period, the source driver
further includes (1) a selector circuit control signal generation
circuit for generating a selector circuit control signal in accor-
dance with a latch signal and a start pulse which are supplied
from the control section and (2) a selector circuit for selecting
either the video data signal or the gradation voltage adjust-
ment signal in accordance with the selector circuit control
signal.

Further, it is preferable to arrange the liquid crystal display
device so that the selector circuit control signal is generated
so that the selector circuit control signal rises when the latch
signal drops and the selector circuit control signal drops when
the start signal rises.

Further, it is preferable to arrange the liquid crystal display
device so that the selector circuit selects the gradation voltage
adjustment signal during a period corresponding to one level
of abinary of the selector circuit control signal so as to output
the gradation voltage adjustment signal to the gradation volt-
age adjustment section, and the selector circuit selects the
video data signal during a period corresponding to the other
level of the binary so as to output the video data signal.

Further, it is preferable to arrange the liquid crystal display
device so that the adjustment voltage is an adjustment voltage
used to reduce an image flicker.

Further, it is preferable to arrange the liquid crystal display
device so that the adjustment voltage is an adjustment voltage
used to shift a center value between a positive gradation
voltage and a negative gradation voltage of a standard grada-
tion voltage so that the shift corresponds to a predetermined
voltage.

Further, it is preferable to arrange the liquid crystal display
device so that the adjustment voltage has a voltage value
which depends on (a) an initial set value of the center value
between the positive gradation voltage and the negative gra-
dation voltage of the standard gradation voltage and (b) a
charge pull-in amount AV.

Further, it is preferable to arrange the liquid crystal display
device so that the adjustment voltage is a charge pull-in
amount AV or corresponds to the charge pull-in amount AV.

Further, it is preferable to arrange the liquid crystal display
device so that: the pixel section includes (i) a switch element
whose control terminal is connected to a scanning signal line
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in a vicinity of each of the junctions of the scanning signal
lines and the video signal lines and whose one driving region
is connected to a video signal line in the vicinity of the
junction and (ii) a pixel electrode connected to the other
driving region of the switch element, and the charge pull-in
amount AV is expressed as follows

AV={Cgd/(Cgd+Clc+Cs)}x(VGH-VGL)

where Clc represents a liquid crystal capacitance of the
pixel electrode, Cs represents an auxiliary capacitance con-
nected to the liquid crystal capacitance Clc, Cgd represents a
transistor gate-drain parasitic capacitance of the switch ele-
ment, VGH represents a gate high voltage of the scanning
signal line, and VGL represents a gate low voltage of the
scanning signal line.

A liquid crystal display driving circuit of the present inven-
tion comprising a gradation voltage generation circuit for
generating a positive and negative display gradation voltage
so as to drive a liquid crystal display section by using the
display gradation voltage so that the liquid crystal display
section displays an image, wherein the gradation voltage
generation circuit includes a gradation voltage adjustment
section for carrying out voltage adjustment by increasing a
positive gradation voltage VH(X) of an X-th gradation and a
negative gradation voltage VI(X) of the X-th gradation so
that the increment corresponds to an adjustment voltage of a
pixel section to which a corresponding video signal is sup-
plied, thereby achieving the foregoing object.

Further, it is preferable to arrange the liquid crystal display
driving circuit so as to comprise: a plurality of source drivers
each of which supplies the positive and negative display gra-
dation voltage to the liquid crystal display section as a video
signal; and a plurality of gate drivers each of which supplies
a liquid crystal display driving scanning signal to the liquid
crystal display section, wherein the gradation voltage genera-
tion circuit is provided in each of the source drivers.

Further, it is preferable to arrange the liquid crystal display
driving circuit so that at each timing where the scanning
signal lines are driven or at each timing when each of the gate
drivers is driven, the gradation voltage adjustment section
varies the voltage VH(X) and VL(X) including the adjustment
voltage or voltages corresponding to the voltage VH(X) and
VL{X) including the adjustment voltage in a time base man-
ner so that the voltage is optimal for a charge pull-in amount
AV of the pixel section connected to a corresponding scan-
ning signal line.

Further, it is preferable to arrange the liquid crystal display
driving circuit so that the gradation voltage adjustment sec-
tion shifts a minimum value and a maximum value of a
gradation voltage range, between which the positive grada-
tion voltage VH(X) of the X-th gradation exists, so that also
the gradation voltage range between the minimum value and
the maximum value is shifted, so as to cause each of the
minimum value and the maximum value to be higher by the
adjustment voltage, and the gradation voltage adjustment
section shifts a minimum value and a maximum value of a
gradation voltage range, between which the negative grada-
tion voltage VL(X) of the X-th gradation exists, as well as the
gradation voltage range, so as to cause each of the minimum
value and the maximum value to be higher by the adjustment
voltage.

Further, it is preferable to arrange the liquid crystal display
driving circuit so that the gradation voltage generation circuit
includes: a first voltage dividing circuit for generating a plu-
rality of positive and negative reference voltages from posi-
tive and negative standard voltages; a second voltage dividing
circuit for generating a positive gradation voltage from a
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positive reference voltage; and a third voltage dividing circuit
for generating a negative gradation voltage from a negative
reference voltage, and the gradation voltage adjustment sec-
tion outputs (i) a voltage obtained by increasing each refer-
ence voltage of the first voltage dividing circuit so that the
increment corresponds to an output adjustment voltage or (i)
a voltage corresponding to that obtained voltage, to each of
the second and third voltage dividing circuits.

Further, it is preferable to arrange the liquid crystal display
driving circuit so that the gradation voltage adjustment sec-
tion outputs (I) voltages respectively obtained by increasing
high and low positive reference voltages of the first voltage
dividing circuit so that the increment corresponds to the out-
put adjustment voltage or (II) voltages corresponding to those
obtained voltages, respectively as a maximum value and a
minimum value of a gradation voltage range of the second
voltage dividing circuit, and the gradation voltage adjustment
section outputs (IIT) voltages respectively obtained by
increasing high and low negative reference voltages of the
first voltage dividing circuit so that the increment corresponds
to the output adjustment voltage or (IV) voltages correspond-
ing to those obtained voltages, respectively as a maximum
value and a minimum value of'a gradation voltage range of the
third voltage dividing circuit.

Further, it is preferable to arrange the liquid crystal display
driving circuit so that the gradation voltage adjustment sec-
tion includes: one or more adjustment voltage generation
circuits each of which generates an adjustment voltage so as
to correspond to a gradation voltage adjustment signal sup-
plied from a control section; and differential amplification
circuits each of which differentially amplifies a voltage
obtained by adding the output adjustment voltage of the
adjustment voltage generation circuit to a predetermined ref-
erence voltage.

Further, it is preferable to arrange the liquid crystal display
driving circuit so that the adjustment voltage generation cir-
cuit includes: a variable resistance element whose resistance
value is variable in accordance with a voltage value of the
gradation voltage adjustment signal; and buffer means for
receiving an output voltage from the variable resistance ele-
ment.

Further, it is preferable to arrange the liquid crystal display
driving circuit so that the differential amplification circuits
are provided so as to respectively correspond to a positive
maximum gradation voltage, a positive minimum gradation
voltage, a negative maximum gradation voltage, and a nega-
tive minimum gradation voltage, and a positive input terminal
of each of the differential amplification circuits is connected
to an output terminal via which a predetermined reference
voltage is outputted from the first voltage dividing circuit and
an output terminal of the adjustment voltage generation cir-
cuit, and an output terminal of each of the differential ampli-
fication circuits are connected to either the second voltage
dividing circuit or the third voltage dividing circuit.

Further, it is preferable to arrange the liquid crystal display
driving circuit so that: the differential amplification circuits
are first to fourth differential amplification circuits, and the
first differential amplification circuit receives via its positive
input terminal a voltage obtained by increasing a positive first
reference voltage of the first voltage dividing circuit so that
the increment corresponds to the output adjustment voltage
and the first differential amplification circuit outputs an out-
put voltage to a part of an output terminal via which the
maximum value of the gradation voltage range of the second
voltage dividing circuit is outputted, and the second differen-
tial amplification circuit receives via its positive input termi-
nal a voltage obtained by increasing a positive second refer-
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ence voltage of the first voltage dividing circuit so that the
increment corresponds to the output adjustment voltage and
the second differential amplification circuit outputs an output
voltage to a part of an output terminal via which the minimum
value of the gradation voltage range of the second voltage
dividing circuit is outputted, and the third differential ampli-
fication circuit receives via its positive input terminal a volt-
age obtained by increasing a negative third reference voltage
of the first voltage dividing circuit so that the increment
corresponds to the output adjustment voltage and the third
differential amplification circuit outputs an output voltage to
a part of an output terminal via which a maximum value of a
gradation voltage range of the third voltage dividing circuit is
outputted, and the fourth differential amplification circuit
receives via its positive input terminal a voltage obtained by
increasing a negative fourth reference voltage of the first
voltage dividing circuit so that the increment corresponds to
the output adjustment voltage and the fourth differential
amplification circuit outputs an output voltage to a part of an
output terminal via which a minimum value of the gradation
voltage range of the third voltage dividing circuit is outputted.

Further, it is preferable to arrange the liquid crystal display
driving circuit so that: the adjustment voltage generation cit-
cuits are first to n-th (n is a natural number not less than 2)
adjustment voltage generation circuits for generating adjust-
ment voltages corresponding to respective gradations, and the
number of the differential amplification circuits is nx2 so as to
correspond to each of positive and negative gradation volt-
ages, and a positive input terminal of each of the differential
amplification circuits is connected to (I) an output section via
which a predetermined reference voltage is outputted from
the first voltage dividing circuit and (1) any one of output
terminals of the first to n-th adjustment voltage generation
circuits which corresponds to the output section, and an out-
putterminal of each of the differential amplification circuits is
connected to either a position of the second voltage dividing
circuit or a position of the third voltage dividing circuit so that
the positions correspond to each other as positive and nega-
tive sides.

Further, it is preferable to arrange the liquid crystal display
driving circuit so that: the adjustment voltage generation cit-
cuits are first to third adjustment voltage generation circuits
for generating adjustment voltages according to gradations
respectively corresponding to a maximum gradation voltage,
an intermediate gradation voltage, and a minimum gradation
voltage, and the differential amplification circuits are pro-
vided so that output voltage values thereof respectively
become a positive maximum gradation voltage, a positive
intermediate gradation voltage, a positive minimum grada-
tion voltage, a negative maximum gradation voltage, a nega-
tive intermediate gradation voltage, a negative minimum gra-
dation voltage, and a positive input terminal of each of the
differential amplification circuits is connected to (I) an output
section via which a predetermined reference voltage is out-
putted from the first voltage dividing circuit and (IT) any one
of output terminals of the first to third adjustment voltage
generation circuits which corresponds to the output section,
an output terminal of each of the differential amplification
circuits is connected to either the second voltage dividing
circuit or the third voltage dividing circuit so that the second
and third voltage dividing circuits symmetrically correspond
to each other as positive and negative sides.

Further, it is preferable to arrange the liquid crystal display
driving circuit so that: the differential amplification circuits
are first to sixth differential amplification circuits, and the first
differential amplification circuit receives via its positive input
terminal a voltage obtained by increasing a positive first ref-
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erence voltage of the first voltage dividing circuit so that the
increment corresponds to the output adjustment voltage of the
first adjustment voltage generation circuit and the first differ-
ential amplification circuit outputs an output voltage to a part
of an output terminal via which a positive maximum grada-
tion voltage of the second voltage dividing circuit is output-
ted, and the second differential amplification circuit receives
via its positive input terminal a voltage obtained by increasing
a positive second reference voltage of the first voltage divid-
ing circuit so that the increment corresponds to the output
adjustment voltage and the second differential amplification
circuit outputs an output voltage to a part of an output termi-
nal via which a positive intermediate gradation voltage of the
second voltage dividing circuit is outputted, and the third
differential amplification circuit receives via its positive input
terminal a voltage obtained by increasing a positive third
reference voltage of the first voltage dividing circuit so that
the increment corresponds to the output adjustment voltage
and the third differential amplification circuit outputs an out-
put voltage to a part of an output terminal via which a positive
minimum gradation voltage of the second voltage dividing
circuit is outputted, and the fourth differential amplification
circuit receives via its positive input terminal a voltage
obtained by increasing a negative fourth reference voltage of
the first voltage dividing circuit so that the increment corre-
sponds to the output adjustment voltage and the fourth differ-
ential amplification circuit outputs an output voltage to a part
of an output terminal via which a negative maximum grada-
tion voltage of the third voltage dividing circuit is outputted,
and the fifth differential amplification circuit receives via its
positive input terminal a voltage obtained by increasing a
negative fifth reference voltage of the first voltage dividing
circuit so that the increment corresponds to the output adjust-
ment voltage and the fifth differential amplification circuit
outputs an output voltage to a part of an output terminal via
which a negative intermediate gradation voltage of the third
voltage dividing circuit is outputted, and the sixth differential
amplification circuit receives via its positive input terminal a
voltage obtained by increasing a negative sixth reference
voltage of the first voltage dividing circuit so that the incre-
ment corresponds to the output adjustment voltage and the
sixth differential amplification circuit outputs an output volt-
age to a part of an output terminal via which a negative
minimum gradation voltage of the third voltage dividing cir-
cuit is outputted.

Further, it is preferable to arrange the liquid crystal display
driving circuit so that the gradation voltage adjustment sec-
tion carries out voltage adjustment with respect to the positive
gradation voltage VH(X) of the X-th gradation and the nega-
tive gradation voltage VL(X) of the X-th gradation so that the
voltage adjustment corresponds to each of gradations inde-
pendently.

According to the foregoing arrangements, it is possible to
obtain the following effects of the present invention.

According to the present invention, the flicker is reduced
without varying the gradation characteristic.

In the liquid crystal display device, a voltage VLC(X)
applied to a liquid crystal layer of each pixel section in dis-
playing an X-th gradation is expressed as follows

VLC(X)=VH(X)-Vcom (at the time of positive driving)

VLC(X)=Vcom-VL(X) (at the time of negative driving)

where Vcom represents a counter potential, VH(X) repre-
sents a positive gradation voltage of an arbitrary X-th grada-
tion, and VL(X) represents a negative gradation voltage of the
arbitrary X-th gradation.
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When the voltage VLC(X) applied to the liquid crystal
layer of each pixel section varies, an electric field applied to
the liquid crystal layer varies, so that an optical transmittance
varies. Accordingly, a gradation level which is different from
a desired gradation level is displayed in the liquid crystal
display device, so that the gradation characteristic varies.
Thus, in order to prevent the variation of the gradation char-
acteristic, it is necessary that the voltage VLC(X) applied to
the liquid crystal layer of each pixel section is fixed to a
desired voltage at each gradation level.

However, as described above, there is a charge pull-in
amount AV caused by a TFT parasitic capacitance Cgd in a
TFT substrate. Thus, the voltage VLC(X) actually applied to
the liquid crystal layer is expressed as follows

VLC(X)=(VH(X)-AV)-Vcom (at the time of positive
driving)

VLC(X)=Vcom—(VL(X)-AV) (At the time of negative
driving)

where AV represents the charge pull-in amount.

In this manner, the positive gradation voltage VHX of the
X-th gradation and the negative gradation voltage VLX of the
X-th gradation decrease so that the decrement corresponds to
the charge pull-in amount AV, so that the positive gradation
voltage and the negative gradation voltage become unbal-
anced. As a result, the flicker occurs.

Thus, in the present invention, the positive gradation volt-
age VHX of the X-th gradation and the negative gradation
voltage VLX of the X-th gradation are increased so that the
increment corresponds to the charge pull-in amount AV,
thereby suppressing occurrence of the flicker. The gradation
voltages VHX and VLX are respectively increased so that the
increment corresponds to the voltage AV (charge pull-in
amount AV) in order to offset the charge pull-in amount AV,
thereby suppressing occurrence of the flicker while fixing the
voltage VL.C(X) actually applied to the liquid crystal layer at
a desired voltage value.

Further, as described above, (1) the round waveform of the
gate signal in the panel plane and (2) the deviation (w value)
of the gate-drain parasitic capacitance Cgd in the panel plane
cause the charge pull-in amount AV to have a different value.
Thus, inorder to suppress the flicker in the entire panel plane,
it is necessary to appropriately adjust each of the gradation
voltages so as to correspond to the charge pull-in amount AV
in the panel plane.

Thus, according to the present invention, in the liquid crys-
tal display device, for example, a gradation voltage adjust-
ment section is provided on the gradation voltage generation
circuit in the source driver, and the positive gradation voltage
VHX of the X-th gradation and the negative gradation voltage
VLX of the X-th gradation are actively increased in driving
the liquid crystal display device so that the increment corre-
sponds to each charge pull-in amount AV, thereby suppress-
ing the flicker in the entire panel plane.

For example, the gradation voltage adjustment section is
provided for each source driver, and the control section sup-
plies gradation voltage adjustment signals different from each
other to the respective source drivers, so that it is possible to
set center values each of which is a value between the positive
and negative gradation voltages so that the center values
respectively corresponds to the source drivers.

Thus, the center value between the positive and negative
gradation voltages is adjusted for each driver so as to corre-
spond to a slant of the charge pull-inamount AV in a direction
of the gate signal line, thereby suppressing the flicker (1)
without varying the gradation characteristic.
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Further, in the flicker (2), also when a panel in-plane devia-
tion of the charge pull-in amount AV caused by the plural-
region divisional transfer of the pixel pattern is a horizontal
direction deviation for example, the center value between the
positive and negative gradation values is adjusted for each
driver so as to correspond to the deviation of the charge pull-in
amount AV in the transfer block, thereby suppressing the
flicker (2) without varying the gradation characteristic.

Further, for example, the control section supplies the gra-
dation voltage adjustment signal during a horizontal retrace
line period, so that it is possible to set the center value
between the positive and negative gradation voltages for each
horizontal line or for every plural horizontal lines.

Thus, inthe flicker (2), even when the panel in-plane devia-
tion of the charge pull-in amount AV caused by the plural-
region divisional transfer is a vertical direction deviation, the
center value between the positive and negative gradation val-
ues 1s adjusted for each line or every plural lines in a single
frame so as to correspond to the deviation of the charge pull-in
amount AV in the transfer block, thereby suppressing the
flicker (2) without varying the gradation characteristic.

Further, the charge pull-in amount AV has a deviation
(deviation corresponding to each gradation voltage) corre-
sponding to a value of a gradation voltage applied to a drain of
the TFT. Thus, adjustment voltage generation circuits are
provided on the gradation voltage generation circuit so as to
respectively correspond to the gradations, and the adjustment
voltage generation circuits respectively supply gradation
voltage adjustment signals different from each other so as to
respectively correspond to the gradations, and the center val-
ues each of which is a value between the positive and negative
gradation voltages are independently adjusted. As a result,
also in case where there is a deviation of the charge pull-in
amount AV between the gradation voltages or in case where
there is a deviation of the center value between the positive
and negative gradation voltages which causes the flicker to be
minimized between the gradation voltages, it is possible to
suppress the flicker.

Further, in transmitting the gradation voltage adjustment
signal, a special transmission line may be provided. However,
if the video signal transmission line is used as the gradation
voltage adjustment signal transmission line during a retrace
line period, it is possible to reduce the special transmission
line used exclusively to transmit the gradation voltage adjust-
ment signal.

Note that, comparison between the liquid crystal display
device disclosed in Patent Document 1 and the present inven-
tion shows that both the inventions are similar to each other in
terms of the means for adjusting a gradation voltage.

However, the invention of Patent Document 1 and the
present invention are different from each other in how the
differential amplification circuit is used. Further, an object of
Patent Document 1 is to easily adjust the gradation charac-
teristic after designing the driving circuit, butan object of the
present invention is to reduce the flicker in the entire panel
plane without varying the gradation characteristic.

Further, according to Patent Document 1, when the grada-
tion voltage is adjusted, a voltage difference between a posi-
tive voltage and a negative voltage varies, so that a charge
pull-in amount of each gradation varies. This raises such
problem that the variation of the charge pull-in amount causes
greater flicker.

Further, Patent Document 1 does not mention how to input
serial data for gradation voltage adjustment and a timing at
which the serial data for gradation voltage adjustment is
inputted.
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The following Table 1 shows comparison between the
present invention and Patent Document 1.

TABLE 1
Item Tokukai 2001-22325 Present invention
Object Adjustment of gradation  Reduction of a flicker
characteristic in a panel plane.
Gradation voltage  Amplitude values of Amplitude values of
adjustment means  positive and negative positive and negative
gradation voltages gradation voltages

are varied. are fixed and only a
center value is varied.
How to input serial

data and a timing at
which the serial data

is inputted are described.
Also a method which
allows transmission
without adding any

data line is described.

How to input None is mentioned.
gradation voltage

adjustment data

The foregoing description shows that Patent Document 1
and the present invention are completely different from each
other in terms of an arrangement.

As described above, according to the present invention, in
the liquid crystal display, a gradation voltage adjustment sec-
tion is provided on a gradation voltage generation circuit, and
a positive gradation voltage VHX of an X-th gradation and a
negative gradation voltage VLX of the X-th gradation are
simultaneously increased so that the increment corresponds
to acharge pull-in amount AV, so that it is possible to suppress
the flicker in the entire panel plane without varying the gra-
dation characteristic, thereby realizing a favorable display
condition.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram illustrating an example of an
arrangement of a liquid crystal display device according to
Embodiment 1 of the present invention.

FIG. 2 is a block diagram illustrating an example of an
arrangement of a source driver of the liquid crystal display
device illustrated in FIG. 1.

FIG. 3 is a circuit diagram illustrating an example of an
arrangement of a gradation voltage generation circuit of the
source driver illustrated in FIG. 2.

FIG. 4 is a circuit diagram illustrating an example of an
arrangement of the gradation voltage generation circuit illus-
trated in F1G. 3.

FIG. 5 is a diagram illustrating how to reduce a flicker
caused by a horizontal direction deviation of a charge pull-in
amount AV in Embodiment 1 of the present invention.

FIG. 6 is a diagram illustrating how to reduce a flicker
caused by a vertical direction slant of the charge pull-in
amount AV in Embodiment 1 of the present invention.

FIG. 7 is a circuit diagram illustrating an example of an
arrangement of a gradation voltage generation circuit of a
liquid crystal display device of Embodiment 2 of the present
invention.

FIG. 8 is a block diagram illustrating an example of an
arrangement of a source driver of a liquid crystal display
device of Embodiment 3 of the present invention.

FIG. 9 is a signal waveform chart indicative of a latch
signal LS, a start pulse SP, and a selector circuit control signal
Ss.

FIG. 10 is a circuit diagram illustrating an example of an
arrangement of a selector circuit illustrated in FIG. 8.
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FIG. 11 is a block diagram illustrating an example of an
arrangement of a liquid crystal display device having the
source driver illustrated in FIG. 8.

BEST MODE FOR CARRYING OUT THE
INVENTION

With reference to the drawings, the following description
explains Embodiments 1 to 3 each of which discloses (i) a
liquid crystal display device of the present invention and (ii)
aliquid crystal display driving circuit used in the liquid crys-
tal display device.

Embodiment 1

FIG. 1 is a block diagram illustrating an example of an
arrangement of a liquid crystal display device according to
Embodiment 1 of the present invention.

In FIG. 1, a liquid crystal display device 10 includes a
liquid crystal panel 1, a plurality of gate drivers 2, a plurality
of source drivers 3, and a control IC (control section) 4 for
outputting a video data signal and control signals for control-
ling the gate drivers 2 and the source drivers 3.

The liquid crystal panel 1 is arranged so that: a plurality of
scanning signal lines (gate signal lines) and a plurality of
video signal lines (source signal lines) are provided so as to
intersect with each other, and a plurality of display pixel
sections are disposed in a matrix manner so that each of the
display pixel sections is positioned in each of pixel areas
(each of pixel sections) sectioned by both the signal lines and
is connected to each gate signal line and each source signal
line.

The gate drivers 2 are provided in a vicinity of the liquid
crystal panel 1 so as to correspond to a plural number (pre-
determined number) of gate signal lines, and a scanning sig-
nal (gate signal) for selectively driving each pixel section
connected to a corresponding gate signal line is selectively
supplied to the gate signal line.

The source drivers 3 are provided in a vicinity of the liquid
crystal panel 1 so as to correspond to a plural number (pre-
determined number) of source signal lines, and a positive or
negative gradation voltage corresponding to a video display
of each display pixel section connected to a corresponding
source signal line is selectively supplied to the source signal
line as a video signal (source signal). This allows inversion
driving of the liquid crystal panel 1.

A control IC4 supplies to the gate driver 2 various kinds of
synchronization signals such as a clock signal CK, a start
pulse SP, and the like, and supplies to the source driver 3 (i)
various kinds of synchronization signals such as a clock sig-
nal CK, a start pulse SP, a latch signal LS, and the like, (ii)
RGB video data signals DR, DG, and DB, and (iii) a gradation
voltage adjustment signal DV for adjusting a gradation volt-
age.

In the liquid crystal display device 10, the source driver 3
and the gate driver 2 are driven by the various kinds of syn-
chronization signals outputted from the control IC4, so that a
video based on the video data signal is displayed in the liquid
crystal panel 1 constituting the display section.

In Embodiment 1, each source driver 3 has a function for
carrying out voltage adjustment by a gradation voltage adjust-
ment signal DV supplied from the control IC4 so that grada-
tion voltage values of an arbitrary gradation (a positive gra-
dation voltage VHX of an X-th gradation and a negative
gradation voltage VL.X ofthe X-th gradation) are increased so
that the increment corresponds to the charge pull-in amount
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AV (hereinafter, this function is referred to as “gradation
voltage adjustment function”™).

As a result, even when the gate signal has a round wave-
form which results in variation of the charge pull-in voltage
AV in each pixel section, it is possible to suppress the flicker
by carrying out the voltage adjustment with respect to a center
value between the gradation voltages with each source driver
3. Further, even when plural-region divisional transfer results
in a horizontal direction deviation of the charge pull-in
amount AV for example, it is possible to suppress the flicker
by carrying out the voltage adjustment with respect to a center
value between the gradation voltages according to the hori-
zontal direction slant of the charge pull-in amount AV. This is
detailed as follows with reference to FIGS. 2 to 4.

FIG. 2 is a block diagram illustrating an example of an
arrangement of the source driver 3 of the liquid crystal display
device 10 illustrated in FI1G. 1.

InFIG. 2, the source driver 3 includes a shift register circuit
31, an input latch circuit 32, a sampling memory circuit 33, a
hold memory circuit 34, a level shifter circuit 35, a gradation
voltage generation circuit (gradation voltage generation sec-
tion) 36, a DA (digital/analog) conversion circuit 37, and an
output circuit 38, as in a generally used source driver.

The shift register circuit 31 receives the clock signal CK
and the start pulse SP from the control 1C4, generates a
sampling clock for each source signal line, and supplies thus
generated sampling clock to the sampling memory circuit 33.

The input latch circuit 32 latches the video data signals DR,
DG, and DB from the control 1C4.

The sampling memory circuit 33 samples the video data
signals DR, DG, and DB, which have been latched by the
input latch circuit 32, at a timing of the sampling clock sup-
plied from the shift register circuit 31.

In the hold memory circuit 34, a video data signal (sam-
pling data) corresponding to a single horizontal line which
video data signal is supplied from the sampling memory 33 is
latched and held at a timing of the latch signal LS supplied
from the control IC4.

The level shifter circuit 35 receives the video data signal
(sampling data) supplied from the hold memory circuit 34
and shifts a level of the video data signal so that the shift
correspond to a predetermined amount.

The gradation voltage generation circuit 36 can generate a
plurality of gradation voltages required in multiple gradation
display, and the gradation voltages are supplied to the DA
conversion circuit 37. In Embodiment 1, the gradation volt-
age generation circuit 36 has an adjustment voltage adjust-
ment section 36a which outputs an adjustment voltage Va for
adjusting a gradation voltage according to the gradation volt-
age adjustment signal DV supplied from the control IC4. The
adjustment voltage Va serves as a voltage for carrying out
voltage adjustment so that gradation voltage values of an
arbitrary gradation (a positive gradation voltage VHX of an
X-th gradation and a negative gradation voltage VLX of the
X-th gradation) are increased so that the increment corre-
sponds to the charge pull-in amount AV. This is detailed as
follows with reference to FIG. 3 and FIG. 4.

The DA conversion circuit 37 carries out DA conversion of
the gradation voltage, supplied from the gradation voltage
generation circuit 36, according to the video data signal sup-
plied from the level shifter circuit 35, so as to supply the
converted gradation voltage to the output circuit 38.

The output circuit 38 outputs the DA-converted gradation
voltage, supplied from the DA conversion circuit 37, to each
source signal line as a display voltage.
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FIG. 3 is a circuit diagram illustrating an example of an
arrangement of the gradation voltage generation circuit 36 of
the source driver 3 illustrated in FIG. 2.

In FIG. 3, the gradation voltage generation circuit 36 is
obtained by adding the gradation voltage adjustment section
36a to a generally used gradation voltage generation circuit,
and includes: a first voltage dividing circuit 361 for generat-
ing plural positive or negative reference voltages (resistance
division voltages in points A to D) in accordance with a
positive standard voltage VLS and a negative standard volt-
age GND; buffers 3624 to 362d each of which temporarily
stores each reference voltage; a second voltage dividing cir-
cuit 3634 for generating positive gradation voltages VHO to
VH63 through resistance division by using positive reference
voltages (resistance division voltages in points A and B); a
third voltage dividing circuit 3635 for generating negative
gradation voltages V163 to VL0 by using negative reference
voltages (resistance division voltages in points C and D); and
the voltage gradation voltage adjustment section 36a for out-
putting the adjustment voltage Va corresponding to the charge
pull-in amount AV so that the adjustment voltage Va is added
to each of the reference voltages (resistance division voltages
in the points A to D).

A positive input terminal of the buffer 362¢ is connected to
the point A of a first voltage dividing circuit 361, and a
negative input terminal of the buffer 3624 is connected to an
output terminal of the buffer 3624, and a positive input ter-
minal of the buffer 3625 is connected to the point B of the first
voltage dividing circuit 361, and a negative input terminal of
the buffer 3625 is connected to an output terminal of the
buffer 362b. Each of the buffers 362a and 3625 outputs a
positive reference voltage. Further, a positive input terminal
of the buffer 362¢ is connected to the point C of the first
voltage dividing circuit 361, and a negative input terminal of
the buffer 362¢ is connected to the output terminal of the
buffer 362¢, and a positive input terminal of the buffer 3624 is
connected to the point D of the first voltage dividing circuit
361, and a negative input terminal of the buffer 3624 is con-
nected to the output terminal of the buffer 362d. Each of the
buffers 362¢ and 3624 outputs a negative reference voltage.

The gradation voltage adjustment section 36a includes: an
adjustment voltage generation circuit 364 for generating the
adjustment voltage Va according to a gradation voltage
adjustment signal DV supplied from the control IC4; and
differential amplification circuits 3654 to 365d each of which
has a positive input terminal connected to the output terminal
of each of the buffers 362a to 362d and to an output terminal
of the adjustment voltage generation circuit 364 and has a
negative input terminal grounded, wherein the positive input
terminal of each of the differential amplification circuits 3654
to 365d receives the adjustment voltage Va for carrying out
voltage adjustment so as to increase the gradation voltage so
that the increment from the reference voltage of the output
terminal of each of the buffers 362a to 3624 corresponds to
the charge pull-in amount AV.

FIG. 4 is a circuit diagram illustrating an example of an
arrangement of the adjustment voltage generation circuit 364
illustrated in FIG. 3.

As illustrated in FIG. 4, the adjustment voltage generation
circuit 364 includes: a variable resistance element 364m
whose resistance value is variable according to the gradation
voltage adjustment signal DV; and a buffer 364» serving as
buffer means whose positive input terminal is connected to an
output of the variable resistance element 364m and negative
input terminal is connected to an output terminal of the vari-
able resistance element 364m. As the variable resistance ele-
ment 364, it is preferable to use a potentiometer which can
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obtain a desired resistance value by inputting serial data. The
following description explains a case where the potentiom-
eter is used as the variable resistance element 364m.

With reference to FIG. 3 again, the differential amplifica-
tion circuit 3654 of the gradation voltage adjustment section
36a is explained. A positive input terminal of the differential
amplification circuit 365a is connected to a junction E
between the output terminal of the adjustment voltage gen-
eration circuit 364 and the output terminal of the buffer 3624,
and a negative input terminal of the differential amplification
circuit 365a is grounded via a resistor. Further, a positive
input terminal of the differential amplification circuit 3655 is
connected to a junction F between the output terminal of the
adjustment voltage generation circuit 364 and the output tet-
minal of the buffer 3625, and a negative input terminal of the
differential amplification circuit 3655 s grounded via a resis-
tor. Further, a positive input terminal of the differential ampli-
fication circuit 365¢ is connected to a junction G between the
output terminal of the adjustment voltage generation circuit
364 and the output terminal of the buffer 362¢, and a negative
input terminal of the differential amplification circuit 365c¢ is
grounded via a resistor. Further, a positive input terminal of
the differential amplification circuit 3654 is connected to a
junction H between the output terminal of the adjustment
voltage generation circuit 364 and the output terminal of the
buffer 3624, and a negative input terminal of the differential
amplification circuit 3654 is grounded via a resistor. Further,
resistors are provided between the output terminal of the
adjustment voltage generation circuit 364 and the junctions E
to H respectively, resistors provided between the output ter-
minals of the buffers 362a to 3624 and the junctions E to H
respectively, and resistors are provided between the output
terminals of the differential amplification circuits 365a to
3654 and the negative input terminals of the differential
amplification circuits 365a to 365d respectively.

In the second voltage dividing circuit 363a, the output
terminal of the differential amplification circuit 3654 is con-
nected to a point I via which a maximum gradation voltage
VHO having a positive polarity with respect to a counter
voltage Veom is outputted, and the output terminal of the
differential amplification circuit 3654 is connected to a point
J via which a minimum gradation voltage VH63 having a
positive polarity is outputted.

Further, in the third voltage dividing circuit 3635, the out-
put terminal of the differential amplification circuit 365¢ is
connected to a point K via which a maximum gradation
voltage V163 having a negative polarity with respect to the
counter voltage Veom is outputted, and the output terminal of
the differential amplification circuit 365d is connected to an L
point via which a minimum gradation voltage VL0 having a
negative polarity is outputted.

As a result, out of the gradation voltages having positive
polarities with respect to the counter voltage Vcom, the gra-
dation voltage VHO0 whose voltage value is maximum and the
gradation voltage VH63 whose voltage value is minimum are
adjusted. Further, out of the gradation voltages having nega-
tive polarities with respect to the counter voltage Veom, the
gradation voltage V1,63 whose voltage value is maximum and
the gradation voltage V1.0 whose voltage value is minimum
are adjusted.

In this manner, the gradation voltage adjustment section
36a shifts a minimum value (gradation voltage VH63) and a
maximum value (gradation voltage VHO0) of a gradation volt-
age range (VH63 to VHO) including a positive gradation
voltage VHX of an arbitrary X-th gradation therebetween so
that the minimum value and the maximum value are increased
so that the increment corresponds to the charge pull-in
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amount AV (adjustment voltage Va) and also shifts a mini-
mum value (gradation voltage VH0) and a maximum value
(gradation voltage VH63) of a gradation voltage range (VHO
to VH63) including a negative gradation voltage VLX of an
arbitrary X-th gradation therebetween so that each of the
minimum value and the maximum value are increased so that
the increment corresponds to the charge pull-in amount AV
(adjustment voltage Va), thereby keeping a voltage difference
between a positive voltage and a negative voltage in each
gradation and varying a center voltage between the positive
voltage and the negative voltage so that the center value
becomes higher by the charge pull-in amount AV (adjustment
voltage Va).

Based on the arrangement, the following description
explains how the gradation voltage generation circuit 36 of
Embodiment 1 operates.

In the adjustment voltage generation circuit 364 illustrated
in FIG. 4, aresistance value ofthe variable resistance element
364a is controlled by the gradation voltage adjustment signal
DV, and the gradation voltage Va is outputted via the buffer
364n. In this manner, the adjustment voltage generation cit-
cuit 364 selectively outputs voltage values ranging from Vh to
0V as the adjustment voltage Va in accordance with the gra-
dation voltage adjustment signal DV.

Further, in each of the differential amplification circuits
365a to 3654 illustrated in FIG. 3, each of the gradation
voltages VH0, VH63, V163, and VL0 is made higher by the
output adjustment voltage Va outputted from the adjustment
voltage generation circuit 364, and the increased gradation
voltage is outputted therefrom. As a result, the gradation
voltages VH0, VH63, VL0, and V163 are evenly shifted so
that each of the gradation voltages becomes higher by the
adjustment voltage Va (charge pull-in amount AV) generated
by the adjustment voltage generation circuit 364, so that a
voltage difference between a positive voltage and a negative
voltage in each gradation is kept. As a result, it is possible to
vary only a center potential (hereinafter, referred to as “center
value”) between the positive voltage and the negative voltage.
For example, difference of the gradation voltages VH20-
VL.20 are kept at the same state as in voltages which have not
been adjusted, so that it is possible to vary only the center
value between the gradation voltages VH20 and VL.20 with-
out varying the gradation characteristic thereof.

The gradation voltage generation circuit 36 is provided for
each source driver 3, and the control IC4 supplies gradation
voltage adjustment signals DV which are different from each
other so as to correspond to the source drivers 3 respectively,
so that it is possible to set center values each of which is a
value between the positive and negative gradation voltages so
that the center values respectively correspond to the source
drivers 3.

Thus, according to Embodiment 1, for each gate driver 3,
each of a positive gradation voltage and a negative gradation
voltage is increased, by a charge pull-in amount AV of a pixel
section connected to a corresponding source signal line, in
accordance with a slant of a charge pull-in amount AV in a
direction of the gate scanning signal line which slant causes
the flicker (1), so as to adjust a center value between the
positive and negative gradation voltages, thereby reducing
the flicker (1) without varying the gradation characteristic
thereof.

Further, according to Embodiment 1, in case where a panel
in-plane deviation of a charge pull-in amount AV resulting
from plural-region divisional transfer which causes the flicker
(2) is a horizontal direction deviation, for each gate driver 3,
each of a positive gradation voltage and a negative gradation
voltage is increased, by a charge pull-in amount AV of a pixel
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section connected to a corresponding source signal line, in
accordance with the horizontal direction deviation of the
charge pull-in amount AV in the transfer block, so as to adjust
a center value between the positive and negative gradation
voltages, thereby reducing the flicker (2) without varying the
gradation characteristic thereof.

With reference to F1G. 5, the following description details
a state in which it is possible to correct the horizontal direc-
tion slant of the charge pull-in amount AV in reducing the
flicker caused by the horizontal direction slant of the charge
pull-in amount AV in the liquid crystal display device 10 of
Embodiment 1.

FIG. 5 illustrates gradation voltage values in a horizontal
direction (x direction) of the liquid crystal panel 1.

Consider the following case: in an A-th line of FIG. 5, a
center value between positive and negative gradation voltages
each of which causes the flicker to be minimized is on a
dashed line of FIG. 5.

In the conventional liquid crystal display device having no
gradation voltage adjustment function, it is impossible to
realize adjustment other than such adjustment that the flicker
is not recognized with eyes in any one point of the display
screen of the liquid crystal panel 1. Thus, as illustrated by a
dotted line of FIG. 5, when the adjustment is carried out in a
center portion of the panel, the positive voltage and the nega-
tive voltage become unbalanced by AV1 and AVr which are
respectively in a left side and a right side of FIG. 5, so that the
flicker occurs.

In contrast, according to the liquid crystal display device
10 of Embodiment 1 in which the gradation voltage adjust-
ment function is provided for each source driver 3, as illus-
trated in a continual line of FIG. 5, it is possible to set the
center value between the positive and negative gradation volt-
ages to be an optimal value for each source driver 3, so that it
is possible to greatly reduce the flicker.

In Embodiment 1, as described above, the present inven-
tion is not limited to the arrangement in which the center
value between the positive and negative gradation voltages is
set to an optimal value for each source driver 3. For example,
it may be so arranged that: the control IC4 supplies the gra-
dation voltage adjustment signal DV to the adjustment volt-
age adjustment section 36a in a horizontal retrace line period,
thereby setting the center value between the positive and
negative gradation voltages for each horizontal line or every
plural horizontal lines within a single frame.

As a result, even when a panel in-plane deviation of the
charge pull-in amount AV resulting from the plural-region
divisional transfer causing the flicker (2) is a vertical direction
deviation, each of the positive and negative gradation volt-
ages is increased for each horizontal line or every plural
horizontal lines within a single frame, by a charge pull-in
amount AV of the pixel section connected to a corresponding
gate signal line, in accordance with a vertical direction charge
pull-in amount AV in a transfer block, so as to adjust the
center value between the positive and negative gradation volt-
ages, thereby reducing the flicker (2) without varying the
gradation characteristic thereof.

With reference to F1G. 6, the following description details
a state in which it is possible to correct the vertical direction
slant of the charge pull-in amount AV in reducing the flicker
caused by the vertical direction slant of the charge pull-in
amount AV in the liquid crystal display device 10 of Embodi-
ment 1.

FIG. 6 illustrates gradation voltage values in a vertical
direction (y direction) of the liquid crystal panel 1.

15

20

25

40

45

60

65

22

Consider the following case: in a B-th line of FIG. 6, a
center value between positive and negative gradation voltages
each of which causes the flicker to be minimized is on a
dashed line of FIG. 6.

In the conventional liquid crystal display device having no
gradation voltage adjustment function, it is impossible to
realize adjustment other than such adjustment that the flicker
is not recognized with eyes in any one point of the display
screen of the liquid crystal panel 1. Thus, as illustrated by a
dotted line of FIG. 6, when the adjustment is carried out in a
center potion of the panel, the positive voltage and the nega-
tive voltage become unbalanced by AVu and AVd which are
respectively in area different from each other in the transfer
block of FIG. 6, so that the flicker occurs.

In contrast, according to the liquid crystal display device
10 of Embodiment 1 in which it is possible to vary the center
value between the positive and negative gradation voltages
for each horizontal line or every plural horizontal lines within
asingle frame, as illustrated in a continual line of FIG. 6, it is
possible to set the center value between the positive and
negative gradation voltages to be an optimal value, so that it is
possible to greatly reduce the flicker. This may be arranged as
follows: for example, the center value between the positive
and negative gradation voltages is set to be an optimal value
for each gate driver 2.

As described above, according to Embodiment 1, the liquid
crystal display device 10 has a structure which allows voltage
adjustment of the center value between the positive and nega-
tive gradation voltages for each source driver 3 or each hori-
zontal line or every plural horizontal lines, so that it is pos-
sible to reduce the flicker of the entire panel face without
varying the gradation characteristic thereof.

Further, the control IC4 for controlling the voltage adjust-
ment functions as means for setting an amount by which the
center value is shifted in accordance with the pixel section
driven in the liquid crystal panel.

Embodiment 2

The charge pull-in amount AV has a deviation in the panel
face, so that there is a deviation (deviation in each gradation
voltage) with respect to a value of a gradation voltage applied
to a drain region of the TFT element. Generally, the deviation
is referred to as “w value”. As in Embodiment 1, all the
gradation voltages VH0, VH63, VL0, and VL36 are
increased/adjusted by the adjustment voltage Va having the
same potential, thereby reducing the flicker. However, by
making it possible also to correct the w value with a gradation
voltage adjustment function which allows the gradation volt-
age adjustment to be carried out more freely, it is possible to
further greatly reduce the flicker.

Embodiment 2 will describe a liquid crystal display device
10B by which it is possible to correct the o value which is a
deviation in each gradation voltage.

FIG. 7 is a circuit diagram illustrating an example of an
arrangement of a gradation voltage generation circuit 36B of
a liquid crystal display device 10B (see FIG. 1) of Embodi-
ment 2 of the present invention.

In FIG. 7, the gradation voltage generation circuit 36B
includes: a fourth voltage dividing circuit 3615 for generating
a plurality of positive and negative reference voltages (pre-
determined reference voltages) in accordance with positive
and negative reference voltages VLS and GND; buffers 362a
to 362/ for temporarily storing the plural reference voltages;
adjustment voltage generation circuits 364a to 364c¢ for gen-
erating adjustment voltages each of which is independence so
as to correspond to each gradation in accordance with grada-
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tion voltage adjustment signals DV0, DVX, and DV63 sup-
plied from the control IC4; differential amplification circuits
365a to 365/ each of which differentially amplifies a value
obtained by adding an adjustment voltage from any one ofthe
adjustment voltage generation circuits 364a to 364¢ to an
output voltage from any one of the buffers 362ato 362 a fifth
voltage dividing circuit 363c¢ for generating positive grada-
tion voltages VHO to VH63 by using positive reference volt-
ages; and a sixth voltage dividing circuit 3634 for generating
negative gradation voltages VL63 to VL0 by using negative
reference voltages. These voltage generation circuits 364a to
364c and the differential amplification circuits 365« to 3651
constitute the gradation voltage adjustment section 364.

The adjustment voltage generation circuits 364a to 364¢ do
not vary the gradation characteristic. Thus, as in the case of
the adjustment voltage generation circuit 364 of FIG. 3, each
of a positive gradation voltage and a negative gradation volt-
age which correspond to the same gradation is increased so
that the increment corresponds to the same voltage value
(charge pull-in amount AV) at the time of gradation voltage
adjustment, and a center value between the positive and nega-
tive gradation voltages is adjusted while keeping a voltage
difference between the positive gradation voltage and the
negative gradation voltage at a constant value. For example, a
positive voltage VH(X) and a negative voltage VI(X) of an
arbitrary X-th gradation, each of VH(X) and VL(X) is
increased so that the increment corresponds to the output
adjustment voltage Va while fixing a voltage value of VH(X)-
VL(X) at aconstant value, thereby varying only a center value
between VH(X) and VL(X).

A positive input terminal of the differential amplification
circuit 365a is connected to a junction Al between (i) an
output terminal of the adjustment voltage generation circuit
364¢ and (ii) an output terminal of the buffer 362a from which
a positive maximum reference voltage is outputted, and a
negative input terminal of the differential amplification cir-
cuit 365q is grounded via a resistor. Further, a positive input
terminal of the differential amplification circuit 3655 is con-
nected to a junction B1 between (i) an output terminal of the
adjustment voltage generation circuit 3645 and (ii) an output
terminal of the buffer 3624 from which a positive intermedi-
ate reference voltage is outputted, and a negative input termi-
nal of the differential amplification circuit 3655 is grounded
via a resistor. Further, a positive input terminal of the differ-
ential amplification circuit 365¢ is connected to a junction C1
between (i) an output terminal of the adjustment voltage
generation circuit 364¢ and (i) an output terminal of the
buffer 362¢ from which a positive minimum reference volt-
age is outputted, and a negative input terminal of the differ-
ential amplification circuit 365¢ is grounded via a resistor.

Further, a positive input terminal of the differential ampli-
fication circuit 3654 is connected to a junction D1 between (i)
an output terminal of the adjustment voltage generation cit-
cuit 364¢ and (ii) an output terminal of the buffer 3624 from
which a negative maximum reference voltage is outputted,
and a negative input terminal of the differential amplification
circuit 365d is grounded via a resistor. Further, a positive
input terminal of the differential amplification circuit 365e is
connected to a junction E1 between (1) an output terminal of
the adjustment voltage generation circuit 3645 and (ii) an
output terminal of the buffer 362¢ from which a negative
intermediate reference voltage is outputted, and a negative
input terminal of the differential amplification circuit 365¢ is
grounded via a resistor. Further, a positive input terminal of
the differential amplification circuit 365F is connected to a
junction F1 between (i) an output terminal of the adjustment
voltage generation circuit 364¢ and (ii) an output terminal of
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the buffer 362 from which a negative maximum reference
voltage is outputted, and a negative input terminal of the
differential amplification circuit 365F is grounded via a resis-
tor.

Further, a resistor is provided between the output terminal
of the adjustment voltage generation circuit 364a and the
junction A, and a resistor is provided between the output
terminal of the adjustment voltage generation circuit 3645
and the junction B, and a resistor is provided between the
output terminal of the adjustment voltage generation circuit
364c¢ and the junction C, and a resistor is provided between
the output terminal of the adjustment voltage generation cir-
cuit 364¢ and the junction D, and a resistor is provided
between the output terminal of the adjustment voltage gen-
eration circuit 3645 and the junction E, and a resistor is
provided between the output terminal of the adjustment volt-
age generation circuit 364a and the junction F. A resistor is
provided between the output terminal of the buffer 3624 and
the junction A, and a resistor is provided between the output
terminal of the buffer 3624 and the junction B, and a resistor
is provided between the output terminal of the buffer 362¢ and
the junction C, and a resistor is provided between the output
terminal of the buffer 3624 and the junction D, and a resistor
is provided between the output terminal of the buffer 362¢ and
the junction E, and a resistor is provided between the output
terminal of the buffer 362/ and the junction F. A resistor is
provided between the output terminal of the differential
amplification circuit 365a and the negative input terminal of
the differential amplification circuit 3654, and a resistor is
provided between the output terminal of the differential
amplification circuit 3655 and the negative input terminal of
the differential amplification circuit 3655, and a resistor is
provided between the output terminal of the differential
amplification circuit 365¢ and the negative input terminal of
the differential amplification circuit 365¢, and a resistor is
provided between the output terminal of the differential
amplification circuit 3654 and the negative input terminal of
the differential amplification circuit 3654, and a resistor is
provided between the output terminal of the differential
amplification circuit 365¢ and the negative input terminal of
the differential amplification circuit 365e, and a resistor is
provided between the output terminal of the differential
amplification circuit 365/ and the negative input terminal of
the differential amplification circuit 365/

In the fifth voltage dividing circuit 363¢, the output termi-
nal of the differential amplification circuit 365a is connected
to a point G1 via which a maximum gradation voltage VHO
having a positive polarity with respect to the counter voltage
Vcom is outputted, and the output terminal of the differential
amplification circuit 3655 is connected to a point H1 via
which an intermediate gradation voltage VH(X) having a
positive polarity with respect to the counter voltage Veom is
outputted, and the output terminal of the differential amplifi-
cation circuit 365¢ is connected to a point I1 via which a
minimum gradation voltage VH63 having a positive polarity
with respect to the counter voltage Veom is outputted.

Further, in the sixth voltage dividing circuit 3634, the out-
put terminal of the differential amplification circuit 3654 is
connected to a point J1 via which a maximum gradation
voltage V163 having a negative polarity with respect to the
counter voltage Vcom is outputted, and the output terminal of
the differential amplification circuit 365¢ is connected to a
point K1 via which an intermediate gradation voltage VL(X)
having a negative polarity with respect to the counter voltage
Vcom is outputted, and the output terminal of the differential
amplification circuit 365/1s connected to apoint L1 via which
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a minimum gradation voltage VL0 having a positive polarity
with respect to the counter voltage Veom is outputted.

As a result, out of the gradation voltages having positive
polarities with respect to the counter voltage Vcom, the gra-
dation voltage VHO whose voltage value is maximum, the
gradation voltage VH(X) whose voltage value is intermedi-
ate, and the gradation voltage VH63 whose voltage value is
minimum are adjusted for each gradation. Further, out of the
gradation voltages having negative polarities with respect to
the counter voltage Vcom, the gradation voltage V163 whose
voltage value is maximum, the gradation voltage VL(X)
whose voltage value is intermediate, and the gradation volt-
age VL0 whose voltage value is minimum are adjusted for
each gradation.

As described above, according to Embodiment 2, it is
possible to adjust the center value between the positive and
negative gradation voltages independently for each grada-
tion. Thus, also in case where there is a deviation (w value)
among gradations in terms of the charge pull-inamount AV or
in case where there is a deviation (w value) among gradations
in terms of the center value between the positive and negative
gradation voltages each of which minimizes the flicker, the
gradation voltage adjustment signals DV0, DVX, and DV63
which are different from one another are inputted so as to
respectively correspond to the gradations, thereby further
reducing the flicker.

Further, the control IC4 for controlling the voltage adjust-
ment functions as the means for setting a shift amount of the
center value in accordance with a gradation to be displayed in
the pixel section driven in the liquid crystal panel.

Note that, in FIG. 7, the gradation voltage adjustment func-
tions are provided so as to respectively correspond to three
gradations such as the 0-th gradation, the X-th gradation, and
the 63-th gradation, but the number of gradations is not nec-
essarily limited to three. The gradation voltage adjustment
functions are provided so as to respectively correspond to a
larger number of gradations, so that it is also possible to adjust
the deviation among the gradations in a finer manner.

Embodiment 3

In the source driver 3 of FIG. 2, in order to add the grada-
tion voltage adjustment function of the present invention, it is
necessary to add at least one gradation voltage adjustment
transmission line and at least one gradation voltage adjust-
ment signal input terminal so as to transmit the gradation
voltage adjustment signal DV. In case of supplying the gra-
dation voltage adjustment signals DV from the control IC4 to
the source drivers 3 respectively as in Embodiment 1 for
example, it is necessary to add a transmission line and an
input terminal. In case of supplying the gradation voltage
adjustment signals DV0, DVX, and DV36 from the control
1C4 as in Embodiment 2, it is necessary to add three trans-
mission lines and three input terminals.

However, in view of a wiring condition of the driving
circuit substrate, it is preferable not to increase the number of
transmission lines and input terminals. Thus, Embodiment 3
describes a liquid crystal display device in which it is possible
to add the gradation voltage adjustment function to the source
driver without adding the transmission line and the input
terminal.

Generally, a retrace line period is a nondisplay period, so
that it is not necessary to transmit any diode data signal. Thus,
in Embodiment 3, a source driver structure illustrated in FIG.
8is adopted, so that a video signal transmission line is used as
a gradation voltage adjustment signal transmission line dur-
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ing the retrace line period, thereby reducing the number of
transmission lines. With reference to FIG. 8, this case is
detailed as follows.

FIG. 8 is a block diagram illustrating an example of an
arrangement of a source driver of the liquid crystal display
device of Embodiment 3 of the present invention.

As illustrated in FIG. 8, a source driver 3C includes not
only the source driver 3B illustrated in FIG. 2B but also: a
selector circuit 39a for supplying video data signals DR, DG,
and DB and gradation voltage adjustment signals DV0,DVX,
and DV 63 so that the video data signals DR, DG, and DB are
selected and supplied to the input latch circuit 32 during a
display period (non retrace line period) and the gradation
voltage adjustment signals DV0, DVX, and DV63 are
selected and supplied to the gradation voltage adjusting sec-
tion 365 during a nondisplay period (retrace line period); and
a selector circuit control signal generation circuit 3954 for
generating a selector circuit control signal Ss in response to
the latch signal LS and the start pulse SP which are supplied
from the control IC4.

FIG. 9 is a signal waveform chart indicative of the latch
signal LS of FIG. 8 and the start pulse SP and the selector
circuit control signal Ss.

The selector circuit control signal generation circuit 395
generates the selector circuit control signal Ss so that the
selector circuit control signal Ss rises when the latch signal
LS rises and the selector circuit control signal Ss drops when
the start pulse SP rises as illustrated in FIG. 9. When the
selector circuit control signal Ss is in an ON state (high level),
this indicates the retrace line period. When the selector circuit
control signal Ss is in an OFF state (low level), this indicates
the non retrace line period. During the non retrace line period
(display period), the control IC4 transmits the video data
signals DR, DG, and DB to the source driver 3C. During the
retrace line period (nondisplay period), the control 1C4 trans-
mits the gradation voltage adjustment signals DV0, DVX, and
DV63 to the source driver 3C.

FIG. 10 is a circuit diagram illustrating an example of an
arrangement of the selector circuit 394 of FIG. 8.

As illustrated in FIG. 10, the selector circuit 39a is
arranged so that output terminals are selected in synchroni-
zation with the selector circuit control signal Ss in response to
the video data signals DR, DG, and DB which are received as
input signals during the non retrace line period and in
response to the gradation voltage adjustment signals DV0,
DVX, and DV63 which are received as input signals during
the retrace line period and each input signal is branched.
When the selector circuit control signal Ss is in an OFF state
(non retrace line period), the inputted video data signals DR,
DG, and DB are outputted toward the input latch circuit 32.
When the selector circuit control signal Ss is in an ON state
(retrace line period), the gradation voltage adjustment signals
DV0, DVX, and DV63 inputted via the same transmission
lines as the video data signals are outputted toward the gra-
dation voltage adjusting section 36b.

FIG. 11 is a block diagram illustrating an example of an
arrangement of the liquid crystal display device 10C having
the source driver 3C of FIG. 8.

As illustrated in FIG. 11, the control IC4 transmits the
video data signals DR, DG, and DB to the source driver 3C via
a video signal transmission line 5 during the non retrace line
period and transmits the gradation voltage adjustment signal
DV during the retrace line period, thereby realizing the source
driver 3C having the gradation voltage adjustment function of
the present invention without newly adding any transmission
line and any driver input terminal on the driving circuit.
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As described above, according to Embodiments 1 to 3, the
gradation voltage generation circuit 36 or 36B of the source
driver 3, 3B, or 3C includes the gradation voltage adjustment
section 36a or 365 for increasing each of the positive grada-
tion voltage VHX of the X-th gradation and the negative
gradation voltage VLX of the X-th gradation so that the
increment corresponds to the charge pull-in amount AV. By
adjusting the center value between the positive and negative
gradation voltages for each driver in accordance with a slant
ofthe charge pull-in amount AV in a gate signal line direction,
it is possible to suppress the flicker without varying the gra-
dation characteristic. Further, by adjusting the center value
between the positive and negative gradation voltages for each
line or every plural lines in a single frame in accordance with
a deviation of the charge pull-in amount AV in a horizontal
direction and in a vertical direction in the transfer block, it is
possible to suppress the flicker without varying the gradation
characteristic.

Note that, each of Embodiments 1 to 3 described the case
where the gradation voltage generation circuit 36 or 36B of
the source driver 3, 3B, or 3C includes the gradation voltage
adjusting section 36a or 364 for increasing each of the posi-
tive gradation voltage VH(X) of the arbitrary X-th gradation
and the negative gradation voltage VL(X) of the arbitrary
X-th gradation so that the increment corresponds to the
charge pull-in amount AV of each pixel section connected to
a corresponding video signal line. However, the present
invention is not limited to this. It is not necessary to provide
the gradation voltage generation circuit 36 or 35B in the
source driver 3, 3B, or 3C, and the gradation voltage genera-
tion circuit 36 or 35B may be provided in the control IC4. In
this case, instead of the gradation voltage adjustment signals
and the video data signals, a display gradation signal serving
as a video signal is transmitted to the source driver 3, 3B, or
3C.

Further, each of Embodiments 1 to 3 described the case
where the gradation voltage generation circuit 36 or 368
carries out voltage adjustment by simultaneously increasing
the positive gradation voltage VH(X) of the arbitrary X-th
gradation and the negative gradation voltage VL(X) of the
arbitrary X-th gradation so that the increment corresponds to
the charge pull-in amount AV of each pixel section connected
to a corresponding scanning signal line for each scanning
signal line or every plural scanning signal lines in a single
frame or for each gate driver 2. However, in this case, the
charge pull-in amount AV (adjustment voltage Va) added to a
display gradation voltage (video signal) supplied from each
source driver 3 to each video signal line is varied in a time
base manner, at each timing when each scanning signal line or
every plural scanning signal lines are selected and driven in a
single frame or at each timing when each gate driver 2 for
selecting and driving each scanning signal line or every plural
scanning signal lines is driven, so as to optimize the charge
pull-in amount AV of each pixel section connected to a cor-
responding scanning signal line.

Further, as to the adjustment voltage Va, an actually shifted
voltage is not limited to a value equal to the charge pull-in
amount AV represented by expression 1, and the voltage is an
adjustment voltage which depends on (i) an initial set value of
the center value between the positive and negative reference
gradation voltages and (ii) the charge pull-in amount AV.
Thus, the shifted charge is not limited to the “charge pull-in
amount AV” but is the adjustment voltage Va of F1G. 4.

Thus, the adjustment voltage is an adjustment voltage used
to reduce the image flicker and is an adjustment voltage used
to shift the positive gradation voltage and the negative grada-
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tion voltage of the standard gradation voltage so that the shift
corresponds to a predetermined voltage.

Of course, the adjustment voltage may be the charge pull-in
amount AV or may be a voltage corresponding to the charge
pull-in amount AV. The charge pull-in amount AV is repre-
sented by the following expression 1,

AV={Cgd/(Cgd+Clc+Cs)}x(VGH-VGL)

where Clc represents a liquid crystal capacitance of the
pixel electrode, Cs represents an auxiliary capacitance con-
nected to the liquid crystal capacitance, Cgd represents a
transistor gate-drain parasitic capacitance of the switch ele-
ment, VGH represents a gate high voltage of the scanning
signal line, and VGL represents a gate low voltage of the
scanning signal line.

Each of Embodiments 1 and 2 illustrated an example of the
arrangement in which the source driver and the control IC are
separated from each other, but it is possible to obtain the same
effect of the present invention also in case where the control
IC is provided in the source driver.

As described above, each of preferred Embodiments 1 to 3
exemplified the present invention, but the present invention
should not be interpreted within the limit of Embodiments 1
to 3. The scope of the present invention should be interpreted
based only on claims set forth below. In accordance with the
preferred Embodiments 1 to 3 of the present invention, a
person skilled in the art can implement the technique whose
scope is equal to the present invention through combination
of the descriptions of the present invention and the common
general knowledge. As to the patents, the patent applications,
and documents thereof, which are cited in the present speci-
fication, the present invention includes specific descriptions
of these documents. Likewise, these documents should be
quoted as references to the present specification.

INDUSTRIAL APPLICABILITY

The present invention relates to a field of (i) a liquid crystal
display device such as an active matrix type liquid crystal
display device used in a display screen such as a television
device display and a personal computer monitor and (ii) a
liquid crystal display driving circuit used in the liquid crystal
display device, wherein a gradation voltage adjustment sec-
tion is provided on a gradation voltage generation circuit, and
a positive gradation voltage VHX of an X-th gradation and a
negative gradation voltage VLX of the X-th gradation are
simultaneously increased so that the increment corresponds
to a charge pull-in amount AV so as to vary gradation char-
acteristic, thereby obtaining a favorable display state while
suppressing flicker in the entire panel plane.

The invention claimed is:
1. A liquid crystal display device, comprising:
a gradation voltage generation circuit to generate a grada-
tion voltage for display;
a plurality of scanning signal lines and a plurality of video
signal lines which intersect with each other; and
aplurality of pixel sections, provided in a two dimensional
manner, which are sectioned by the scanning signal lines
and the video signal lines, the gradation voltage which
corresponds to each video data signal being supplied to
each of the pixel sections so as to make a display,
wherein
the gradation voltage generation circuit includes a gra-
dation voltage adjustment section for carrying out
voltage adjustment by increasing a positive gradation
voltage VH(X) of an X-th gradation and a negative
gradation voltage VL(X) of the X-th gradation so that
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an increment corresponds to an adjustment voltage of
a pixel section connected to a corresponding video
signal line, and

the gradation voltage adjustment section includes first to
third adjustment voltage generation circuits each of
which generates an adjustment voltage so as to corre-
spond to a gradation voltage adjustment signal sup-
plied from a control section.

2. The liquid crystal display device as set forth in claim 1,
comprising a control section for outputting the gradation
voltage and various kinds of control signals to a source driver
for supplying the gradation voltage to the video signal lines,
wherein the gradation voltage generation circuit is provided
in the control section.

3. The liquid crystal display device as set forth in claim 2,
comprising a signal transmission line for commonly supply-
ing the gradation voltage adjustment signal and the video data
signal so that the signal transmission line is positioned
between the control section and the source driver.

4. The liquid crystal display device as set forth in claim 3,
wherein:

the gradation voltage adjustment signal is supplied via the

signal transmission line during a retrace line period, and
the video data signal is supplied via the transmission line
during a non retrace line period,

the source driver further includes (1) a selector circuit

control signal generation circuit for generating aselector
circuit control signal in accordance with a latch signal
and a start pulse which are supplied from the control
section and (2) a selector circuit for selecting either the
video data signal or the gradation voltage adjustment
signal in accordance with the selector circuit control
signal.

5. The liquid crystal display device as set forth in claim 4,
wherein the selector circuit control signal is generated so that
the selector circuit control signal rises when the latch signal
drops and the selector circuit control signal drops when the
start signal rises.

6. The liquid crystal display device as set forth in claim 4,
wherein the selector circuit selects the gradation voltage
adjustment signal during a period corresponding to one level
of abinary of the selector circuit control signal so as to output
the gradation voltage adjustment signal to the gradation volt-
age adjustment section, and the selector circuit selects the
video data signal during a period corresponding to the other
level of the binary so as to output the video data signal.

7. The liquid crystal display device as set forth in claim 1,
comprising a source driver for supplying the gradation volt-
age to the video signal lines, wherein the gradation voltage
generation circuit is provided in the source driver.

8. The liquid crystal display device as set forth in claim 1,
wherein the pixel section includes (i) a switch element whose
control terminal is connected to a scanning signal line in a
vicinity of each of the junctions of the scanning signal lines
and the video signal lines and whose one driving region is
connected to a video signal line in the vicinity of the junction
and (ii) a pixel electrode connected to the other driving region
of the switch element.

9. The liquid crystal display device as set forth in claim 1,
wherein the gradation voltage adjustment section carries out
voltage adjustment for each video signal line or every plural
video signal line in a single frame by increasing the positive
gradation voltage VH(X) of the X-th gradation and the nega-
tive gradation voltage VLX) of the X-th gradation so that the
increment corresponds to the adjustment voltage of the pixel
section connected to the corresponding video signal line.
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10. The liquid crystal display device as set forth in claim 9,
wherein the adjustment voltage is set so as to correspond to a
slant of a charge pull-in amount AV in a direction of the
scanning signal line.

11. The liquid crystal display device as set forth in claim 9,
wherein the adjustment voltage is set so as to correspond to a
horizontal direction deviation of the charge pull-in amount
AV in a transfer block when a panel in-plane deviation which
occurs in the charge pull-in amount AV due to a plural-region
divisional transfer is a horizontal direction deviation.

12. The liquid crystal display device as set forth in claim 1,
wherein the gradation voltage adjustment section carries out
voltage adjustment for each video signal line or every plural
video signal line in a single frame by increasing the positive
gradation voltage VH(X) of the X-th gradation and the nega-
tive gradation voltage VL(X) of the X-th gradation so that the
increment corresponds to the adjustment voltage of the pixel
section connected to the corresponding scanning signal line.

13. The liquid crystal display device as set forth in claim
12, wherein the adjustment voltage is set so as to correspond
to a slant of a charge pull-in amount AV in a direction of the
video signal line.

14. The liquid crystal display device as set forth in claim
12, wherein at each timing when each scanning signal line or
every plural scanning signal lines are selectively driven, the
gradation voltage adjustment section varies the voltage
VH(X) and VL(X) including the adjustment voltage or volt-
ages corresponding to the voltage VH(X) and VL(X) includ-
ing the adjustment voltage in a time base manner so that the
voltage is optimal for the charge pull-in amount AV of the
pixel section connected to the corresponding scanning signal
line.

15. The liquid crystal display device as set forth in claim 1,
wherein the gradation voltage adjustment section shifts a
minimum value and a maximum value of a gradation voltage
range, between which the positive gradation voltage VH(X)
of the X-th gradation exists, so that also the gradation voltage
range between the minimum value and the maximum value is
shifted, so as to cause each of the minimum value and the
maximum value to be higher by the adjustment voltage, and
the gradation voltage adjustment section shifts a minimum
value and a maximum value of a gradation voltage range,
between which the negative gradation voltage VL(X) of the
X-th gradation exists, as well as the gradation voltage range,
so as to cause each of the minimum value and the maximum
value to be higher by the adjustment voltage.

16. The liquid crystal display device as set forth in claim 1,
wherein the gradation voltage generation circuit includes: a
first voltage dividing circuit for generating a plurality of posi-
tive and negative reference voltages from positive and nega-
tive standard voltages; a second voltage dividing circuit for
generating a positive gradation voltage from a positive refer-
ence voltage; and a third voltage dividing circuit for generat-
ing a negative gradation voltage from a negative reference
voltage, and the gradation voltage adjustment section outputs
(1) a voltage obtained by increasing each reference voltage of
the first voltage dividing circuit so that the increment corre-
sponds to an output adjustment voltage or (ii) a voltage cor-
responding to that obtained voltage, to each of the second and
third voltage dividing circuits.

17. The liquid crystal display device as set forth in claim
16, wherein the gradation voltage adjustment section outputs
(1) voltages respectively obtained by increasing high and low
positive reference voltages of the first voltage dividing circuit
so that the increment corresponds to the output adjustment
voltage or (1) voltages corresponding to those obtained volt-
ages, respectively as a maximum value and a minimum value
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of a gradation voltage range of the second voltage dividing
circuit, and the gradation voltage adjustment section outputs
(1IT) voltages respectively obtained by increasing high and
low negative reference voltages of the first voltage dividing
circuit so that the increment corresponds to the output adjust-
ment voltage or (IV) voltages corresponding to those
obtained voltages, respectively as a maximum value and a
minimum value of a gradation voltage range of the third
voltage dividing circuit.

18. The liquid crystal display device as set forth in claim 1,
wherein the gradation voltage adjustment section includes
differential amplification circuits each of which differentially
amplifies a voltage obtained by adding the output adjustment
voltage of the adjustment voltage generation circuit to a pre-
determined reference voltage.

19. The liquid crystal display device as set forth in claim
18, wherein the adjustment voltage generation circuit
includes: a variable resistance element whose resistance
value is variable in accordance with a voltage value of the
gradation voltage adjustment signal; and buffer circuit for
receiving an output voltage from the variable resistance ele-
ment.

20. The liquid crystal display device as set forth in claim
19, wherein the variable resistance element is a potentiom-
eter.

21. The liquid crystal display device as set forth in claim
18, wherein the differential amplification circuits are pro-
vided so as to respectively correspond to a positive maximum
gradation voltage, a positive minimum gradation voltage, a
negative maximum gradation voltage, and a negative mini-
mum gradation voltage, and a positive input terminal of each
of the differential amplification circuits is connected to an
output terminal via which a predetermined reference voltage
is outputted from the first voltage dividing circuit and an
output terminal of the adjustment voltage generation circuit,
and an output terminal of each of the differential amplifica-
tion circuits are connected to either the second voltage divid-
ing circuit or the third voltage dividing circuit.

22. The liquid crystal display device as set forth in claim
21, wherein:

the differential amplification circuits are first to fourth

differential amplification circuits, and

the first differential amplification circuit receives via its

positive input terminal a voltage obtained by increasing
a positive first reference voltage of the first voltage
dividing circuit so that the increment corresponds to the
output adjustment voltage and the first differential
amplification circuit outputs an output voltage to a part
of an output terminal via which the maximum value of
the gradation voltage range of the second voltage divid-
ing circuit is outputted, and

the second differential amplification circuit receives via its

positive input terminal a voltage obtained by increasing
a positive second reference voltage of the first voltage
dividing circuit so that the increment corresponds to the
output adjustment voltage and the second differential
amplification circuit outputs an output voltage to a part
of an output terminal via which the minimum value of
the gradation voltage range of the second voltage divid-
ing circuit is outputted, and

the third differential amplification circuit receives via its

positive input terminal a voltage obtained by increasing
a negative third reference voltage of the first voltage
dividing circuit so that the increment corresponds to the
output adjustment voltage and the third differential
amplification circuit outputs an output voltage to a part
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of an output terminal via which a maximum value of a
gradation voltage range of the third voltage dividing
circuit is outputted, and
the fourth differential amplification circuit receives via its
positive input terminal a voltage obtained by increasing
a negative fourth reference voltage of the first voltage
dividing circuit so that the increment corresponds to the
output adjustment voltage and the fourth differential
amplification circuit outputs an output voltage to a part
of an output terminal via which a minimum value of the
gradation voltage range of the third voltage dividing
circuit is outputted.
23. The liquid crystal display device as set forth in claim
18, wherein:
the adjustment voltage generation circuits are fourth to n-th
(nis anaturalnumber not less than 5) adjustment voltage
generation circuits for generating adjustment voltages
corresponding to respective gradations, and
the number of the differential amplification circuits is nx2
so as to correspond to each of positive and negative
gradation voltages, and a positive input terminal of each
of the differential amplification circuits is connected to
(I) an output section via which a predetermined refer-
ence voltage is outputted from the first voltage dividing
circuit and (IT) any one of output terminals of the first to
n-th adjustment voltage generation circuits which cor-
responds to the output section, and an output terminal of
each of the differential amplification circuits is con-
nected to either a position of the second voltage dividing
circuit or a position of the third voltage dividing circuit
so that the positions correspond to each other as positive
and negative sides.
24. The liquid crystal display device as set forth in claim
18, whetein:
the first to third adjustment voltage generation circuits
generate adjustment voltages according to gradations
respectively corresponding to a maximum gradation
voltage, an intermediate gradation voltage, and a mini-
mum gradation voltage, and
the differential amplification circuits are provided so that
output voltage values thereof respectively become a
positive maximum gradation voltage, a positive interme-
diate gradation voltage, a positive minimum gradation
voltage, a negative maximum gradation voltage, a nega-
tive intermediate gradation voltage, a negative minimum
gradation voltage, and a positive input terminal of each
of the differential amplification circuits is connected to
(I) an output section via which a predetermined refer-
ence voltage is outputted from the first voltage dividing
circuit and (II) any one of output terminals of the first to
third adjustment voltage generation circuits which cor-
responds to the output section, an output terminal of
each of the differential amplification circuits is con-
nected to either the second voltage dividing circuit or the
third voltage dividing circuit so that the second and third
voltage dividing circuits symmetrically correspond to
each other as positive and negative sides.
25. The liquid crystal display device as set forth in claim
24, wherein:
the differential amplification circuits are first to sixth dif-
ferential amplification circuits, and
the first differential amplification circuit receives via its
positive input terminal a voltage obtained by increasing
a positive first reference voltage of the first voltage
dividing circuit so that the increment corresponds to the
output adjustment voltage of the first adjustment voltage
generation circuit and the first differential amplification
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circuit outputs an output voltage to a part of an output
terminal via which a positive maximum gradation volt-
age of the second voltage dividing circuit is outputted,
and

the second differential amplification circuit receives via its

positive input terminal a voltage obtained by increasing
a positive second reference voltage of the first voltage
dividing circuit so that the increment corresponds to the
output adjustment voltage and the second differential
amplification circuit outputs an output voltage to a part
of an output terminal via which a positive intermediate
gradation voltage of the second voltage dividing circuit
is outputted, and

the third differential amplification circuit receives via its

positive input terminal a voltage obtained by increasing
a positive third reference voltage of the first voltage
dividing circuit so that the increment corresponds to the
output adjustment voltage and the third differential
amplification circuit outputs an output voltage to a part
of an output terminal via which a positive minimum
gradation voltage of the second voltage dividing circuit
is outputted, and

the fourth differential amplification circuit receives via its

positive input terminal a voltage obtained by increasing
a negative fourth reference voltage of the first voltage
dividing circuit so that the increment corresponds to the
output adjustment voltage and the fourth differential
amplification circuit outputs an output voltage to a part
of an output terminal via which a negative maximum
gradation voltage of the third voltage dividing circuit is
outputted, and

the fifth differential amplification circuit receives via its

positive input terminal a voltage obtained by increasing
a negative fifth reference voltage of the first voltage
dividing circuit so that the increment corresponds to the
output adjustment voltage and the fifth differential
amplification circuit outputs an output voltage to a part
of an output terminal via which a negative intermediate
gradation voltage of the third voltage dividing circuit is
outputted, and

the sixth differential amplification circuit receives via its

positive input terminal a voltage obtained by increasing
a negative sixth reference voltage of the first voltage
dividing circuit so that the increment corresponds to the
output adjustment voltage and the sixth differential
amplification circuit outputs an output voltage to a part
of an output terminal via which a negative minimum
gradation voltage of the third voltage dividing circuit is
outputted.

26. The liquid crystal display device as set forth in claim
18, wherein the gradation voltage adjustment section carries
out voltage adjustment with respect to the positive gradation
voltage VH(X) of the X-th gradation and the negative grada-
tion voltage VI(X) of the X-th gradation so that the voltage
adjustment corresponds to each of gradations independently.

27. The liquid crystal display device as set forth in claim 1,
comprising a first signal transmission line for supplying the
gradation voltage adjustment signal and a second signal
transmission line for supplying the video data signal so that
the first signal transmission line and the second signal trans-
mission line are positioned between the control section and
the source driver.

28. The liquid crystal display device as set forthin claim 1,
wherein the gradation voltage adjustment circuit is config-
ured to reduce an image flicker based on the adjustment
voltage.
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29. The liquid crystal display device as set forth in claim
28, wherein the adjustment voltage is an adjustment voltage
used to shift a center value between a positive gradation
voltage and a negative gradation voltage of a standard grada-
tion voltage so that the shift corresponds to a predetermined
voltage.

30. The liquid crystal display device as set forth in claim
28, wherein the adjustment voltage has a voltage value which
depends on (a) an initial set value of the center value between
the positive gradation voltage and the negative gradation volt-
age of the standard gradation voltage and (b) a charge pull-in
amount AV.

31. The liquid crystal display device as set forth in claim
28, wherein the adjustment voltage is a charge pull-in amount
AV or corresponds to the charge pull-in amount AV.

32. The liquid crystal display device as set forth in claim
31, wherein:

the pixel section includes (i) a switch element whose con-

trol terminal is connected to a scanning signal line in a
vicinity of each of the junctions of the scanning signal
lines and the video signal lines and whose one driving
region is connected to a video signal line in the vicinity
of the junction and (ii) a pixel electrode connected to the
other driving region of the switch element, and

the charge pull-in amount AV is expressed as follows

AV={Cgd/(Cgd+Clc+Cs)}x(VGH-VGL)

where Clc represents a liquid crystal capacitance of the
pixel electrode, Cs represents an auxiliary capacitance
connected to the liquid crystal capacitance Clc, Cgd
represents a transistor gate-drain parasitic capacitance
of the switch element, VGH represents a gate high volt-
age of the scanning signal line, and VGL represents a
gate low voltage of the scanning signal line.

33. A liquid crystal display device, comprising:

a display section which includes a plurality of scanning
signal lines and a plurality of video signal lines so that
the scanning signal lines and the video signal lines inter-
sect with each other and which includes pixel sections
sectioned by the scanning signal lines and the video
signal lines so that the pixel sections are provided in a
matrix manner;

a plurality of source drivers, provided in a vicinity of the
display section so as to respectively correspond to a
predetermined number of the video signal lines, each of
which source drivers selectively supplies a positive gra-
dation voltage or a negative gradation voltage as a video
signal; and

a plurality of gate drivers, provided in a vicinity of the
display section so as to respectively correspond to a
predetermined number of the scanning signal lines, each
of which gate drivers selectively supplies a scanning
signal for driving each of the pixel sections to each ofthe
scanning signal lines; wherein

gradation voltage generation circuits each of which gener-
ates a gradation voltage for display are provided in the
source drivers respectively, and each of the gradation
voltage generation circuits includes a gradation voltage
adjustment section for carrying out voltage adjustment
by increasing a positive gradation voltage VH(X) of an
X-th gradation and a negative gradation voltage VI(X)
of the X -th gradation so that an increment corresponds to
an adjustment voltage of a pixel section connected to a
corresponding video signal line, wherein
the gradation voltage adjustment section includes first to

third adjustment voltage generation circuits each of
which generates an adjustment voltage so as to corre-
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spond to a gradation voltage adjustment signal sup-
plied from a control section.

34. The liquid crystal display device as set forth in claim
33, wherein the gradation voltage adjustment section carries
out voltage adjustment for each source driver by increasing
the positive gradation voltage VH(X) of the X-th gradation
and the negative gradation voltage VI(X) of the X-th grada-
tion so that the increment corresponds to the adjustment volt-
age of the pixel section connected to the corresponding video
signal line.

35. The liquid crystal display device as set forth in claim
33, wherein the gradation voltage adjustment section carries
out voltage adjustment for each source driver by increasing
the positive gradation voltage VH(X) of the X-th gradation
and the negative gradation voltage VI(X) of the X-th grada-
tion so that the increment corresponds to the adjustment volt-
age of the pixel section connected to the corresponding scan-
ning signal line.

36. A liquid crystal display driving circuit, comprising a
gradation voltage generation circuit for generating a positive
and negative display gradation voltage so as to drive a liquid
crystal display section by using the display gradation voltage
so that the liquid crystal display section displays an image,
wherein

the gradation voltage generation circuit includes a grada-
tion voltage adjustment section for carrying out voltage
adjustment by increasing a positive gradation voltage
VH(X) of an X-th gradation and a negative gradation
voltage VI(X)of the X -th gradation so that an increment
corresponds to an adjustment voltage of a pixel section
to which a corresponding video signal is supplied,
wherein
the gradation voltage adjustment section includes first to

third adjustment voltage generation circuits each of
which generates an adjustment voltage so as to corre-
spond to a gradation voltage adjustment signal sup-
plied from a control section.

37. The liquid crystal display driving circuit as set forth in
claim 36, comprising:

a plurality of source drivers each of which supplies the
positive and negative display gradation voltage to the
liquid crystal display section as a video signal; and

a plurality of gate drivers each of which supplies a liquid
crystal display driving scanning signal to the liquid crys-
tal display section, wherein

the gradation voltage generation circuit is provided in each
of the source drivers.

38. The liquid crystal display driving circuit as set forth in
claim 37, wherein at each timing where the scanning signal
lines are driven or at each timing when each of the gate drivers
is driven, the gradation voltage adjustment section varies the
voltage VH(X) and VL(X) including the adjustment voltage
or voltages corresponding to the voltage VH(X) and VL(X)
including the adjustment voltage in a time base manner so that
the voltage is optimal for a charge pull-in amount AV of the
pixel section connected to a corresponding scanning signal
line.

39. The liquid crystal display driving circuit as set forth in
claim 37, wherein the gradation voltage adjustment section
shifts a minimum value and a maximum value of a gradation
voltage range, between which the positive gradation voltage
VH(X) of the X-th gradation exists, so that also the gradation
voltage range between the minimum value and the maximum
value is shifted, so as to cause each of the minimum value and
the maximum value to be higher by the adjustment voltage,
and the gradation voltage adjustment section shifts a mini-
mum value and a maximum value of a gradation voltage
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range, between which the negative gradation voltage VI(X)
of the X-th gradation exists, as well as the gradation voltage
range, so as to cause each of the minimum value and the
maximum value to be higher by the adjustment voltage.

40. The liquid crystal display driving circuit as set forth in
claim 36, wherein the gradation voltage generation circuit
includes: a first voltage dividing circuit for generating a plu-
rality of positive and negative reference voltages from posi-
tive and negative standard voltages; a second voltage dividing
circuit for generating a positive gradation voltage from a
positive reference voltage; and a third voltage dividing circuit
for generating a negative gradation voltage from a negative
reference voltage, and the gradation voltage adjustment sec-
tion outputs (i) a voltage obtained by increasing each refer-
ence voltage of the first voltage dividing circuit so that the
increment corresponds to an output adjustment voltage or (i)
a voltage corresponding to that obtained voltage, to each of
the second and third voltage dividing circuits.

41. The liquid crystal display driving circuit as set forth in
claim 40, wherein the gradation voltage adjustment section
outputs (I) voltages respectively obtained by increasing high
and low positive reference voltages of the first voltage divid-
ing circuit so that the increment corresponds to the output
adjustment voltage or (II) voltages corresponding to those
obtained voltages, respectively as a maximum value and a
minimum value of a gradation voltage range of the second
voltage dividing circuit, and the gradation voltage adjustment
section outputs (IIT) voltages respectively obtained by
increasing high and low negative reference voltages of the
first voltage dividing circuit so that the increment corresponds
to the output adjustment voltage or (IV) voltages correspond-
ing to those obtained voltages, respectively as a maximum
value and a minimum value of'a gradation voltage range of the
third voltage dividing circuit.

42. The liquid crystal display driving circuit as set forth in
claim 36, wherein the gradation voltage adjustment section
includes: one or more adjustment voltage generation circuits
each of which generates an adjustment voltage so as to cor-
respond to a gradation voltage adjustment signal supplied
from a control section; and differential amplification circuits
each of which differentially amplifies a voltage obtained by
adding the output adjustment voltage of the adjustment volt-
age generation circuit to a predetermined reference voltage.

43. The liquid crystal display driving circuit as set forth in
claim 42, wherein the adjustment voltage generation circuit
includes: a variable resistance element whose resistance
value is variable in accordance with a voltage value of the
gradation voltage adjustment signal; and buffer circuit for
receiving an output voltage from the variable resistance ele-
ment.

44. The liquid crystal display driving circuit as set forth in
claim 42, wherein the differential amplification circuits are
provided so as to respectively correspond to a positive maxi-
mum gradation voltage, a positive minimum gradation volt-
age, a negative maximum gradation voltage, and a negative
minimum gradation voltage, and a positive input terminal of
each of the differential amplification circuits is connected to
an output terminal via which a predetermined reference volt-
age is outputted from the first voltage dividing circuit and an
output terminal of the adjustment voltage generation circuit,
and an output terminal of each of the differential amplifica-
tion circuits are connected to either the second voltage divid-
ing circuit or the third voltage dividing circuit.

45. The liquid crystal display driving circuit as set forth in
claim 44, wherein:

the differential amplification circuits are first to fourth

differential amplification circuits, and
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the first differential amplification circuit receives via its
positive input terminal a voltage obtained by increasing
a positive first reference voltage of the first voltage
dividing circuit so that the increment corresponds to the
output adjustment voltage and the first differential
amplification circuit outputs an output voltage to a part
of an output terminal via which the maximum value of
the gradation voltage range of the second voltage divid-
ing circuit is outputted, and

38

diate gradation voltage, a positive minimum gradation
voltage, a negative maximum gradation voltage, a nega-
tive intermediate gradation voltage, a negative minimum
gradation voltage, and a positive input terminal of each
of the differential amplification circuits is connected to
(D) an output section via which a predetermined refer-
ence voltage is outputted from the first voltage dividing
circuit and (II) any one of output terminals of the first to
third adjustment voltage generation circuits which cor-

the second differential amplification circuit receives via its 10 responds to the output section, an output terminal of
positive input terminal a voltage obtained by increasing each of the differential amplification circuits is con-
a positive second reference voltage of the first voltage nected to either the second voltage dividing circuit or the
dividing circuit so that the increment corresponds to the third voltage dividing circuit so that the second and third
output adjustment voltage and the second differential voltage dividing circuits symmetrically correspond to
amplification circuit outputs an output voltage to a part 15 each other as positive and negative sides.

of an output terminal via which the minimum value of
the gradation voltage range of the second voltage divid-
ing circuit is outputted, and

the third differential amplification circuit receives via its
positive input terminal a voltage obtained by increasing 20

48. The liquid crystal display driving circuit as set forth in
claim 47, wherein:
the differential amplification circuits are first to sixth dif-
ferential amplification circuits, and
the first differential amplification circuit receives via its

a negative third reference voltage of the first voltage
dividing circuit so that the increment corresponds to the
output adjustment voltage and the third differential
amplification circuit outputs an output voltage to a part

responds to the output section, and an output terminal of
each of the differential amplification circuits is con-
nected to either a position of the second voltage dividing
circuit or a position of the third voltage dividing circuit

positive input terminal a voltage obtained by increasing
a positive first reference voltage of the first voltage
dividing circuit so that the increment corresponds to the
output adjustment voltage of the first adjustment voltage

of an output terminal via which a maximum value of a 25 generation circuit and the first differential amplification
gradation voltage range of the third voltage dividing circuit outputs an output voltage to a part of an output
circuit is outputted, and terminal via which a positive maximum gradation volt-
the fourth differential amplification circuit receives via its age of the second voltage dividing circuit is outputted,
positive input terminal a voltage obtained by increasing and
a negative fourth reference voltage of the first voltage 30  the second differential amplification circuit receives via its
dividing circuit so that the increment corresponds to the positive input terminal a voltage obtained by increasing
output adjustment voltage and the fourth differential a positive second reference voltage of the first voltage
amplification circuit outputs an output voltage to a part dividing circuit so that the increment corresponds to the
of an output terminal via which a minimum value of the output adjustment voltage and the second differential
gradation voltage range of the third voltage dividing 35 amplification circuit outputs an output voltage to a part
circuit is outputted. of an output terminal via which a positive intermediate
46. The liquid crystal display driving circuit as set forth in gradation voltage of the second voltage dividing circuit
claim 42, wherein: is outputted, and
the adjustment voltage generation circuits are first to n-th the third differential amplification circuit receives via its
(nis anatural number not less than 2) adjustment voltage 40 positive input terminal a voltage obtained by increasing
generation circuits for generating adjustment voltages a positive third reference voltage of the first voltage
corresponding to respective gradations, and dividing circuit so that the increment corresponds to the
the number of the differential amplification circuits is nx2 output adjustment voltage and the third differential
so as to correspond to each of positive and negative amplification circuit outputs an output voltage to a part
gradation voltages, and a positive input terminal of each 45 of an output terminal via which a positive minimum
of the differential amplification circuits is connected to gradation voltage of the second voltage dividing circuit
(D) an output section via which a predetermined refer- is outputted, and
ence voltage is outputted from the first voltage dividing the fourth differential amplification circuit receives via its
circuit and (IT) any one of output terminals of the first to positive input terminal a voltage obtained by increasing
n-th adjustment voltage generation circuits which cor- 50 a negative fourth reference voltage of the first voltage

dividing circuit so that the increment corresponds to the
output adjustment voltage and the fourth differential
amplification circuit outputs an output voltage to a part
of an output terminal via which a negative maximum

so that the positions correspond to each other as positive 55 gradation voltage of the third voltage dividing circuit is
and negative sides. outputted, and
47. The liquid crystal display driving circuit as set forth in the fifth differential amplification circuit receives via its
claim 42, wherein: positive input, terminal a voltage obtained by increasing
the adjustment voltage generation circuits are first to third a negative fifth reference voltage of the first voltage
adjustment voltage generation circuits for generating 60 dividing circuit so that the increment corresponds to the
adjustment voltages according to gradations respec- output adjustment voltage and the fifth differential
tively corresponding to a maximum gradation voltage, amplification circuit outputs an output voltage to a part
an intermediate gradation voltage, and a minimum gra- of an output terminal via which a negative intermediate
dation voltage, and gradation voltage of the third voltage dividing circuit is
the differential amplification circuits are provided so that 65 outputted, and

output voltage values thereof respectively become a
positive maximum gradation voltage, a positive interme-

the sixth differential amplification circuit receives via its

positive input terminal a voltage obtained by increasing
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a negative sixth reference voltage of the first voltage
dividing circuit so that the increment corresponds to the
output adjustment voltage and the sixth differential
amplification circuit outputs an output voltage to a part
of an output terminal via which a negative minimum
gradation voltage of the third voltage dividing circuit is
outputted.

49. The liquid crystal display driving circuit as set forth in
claim 42, wherein the gradation voltage adjustment section
carries out voltage adjustment with respect to the positive
gradation voltage VH(X) of the X-th gradation and the nega-
tive gradation voltage VL(X) of the X-th gradation so that the
voltage adjustment corresponds to each of gradations inde-
pendently.

50. A liquid crystal panel display circuit, inversely driving
aliquid crystal panel and causing a pixel section of the liquid
crystal panel to display gradations,

said liquid crystal panel display circuit comprising:

a gradation voltage generation section for generating a
positive gradation voltage and a negative gradation volt-
age which are used for inversion driving;

a gradation voltage adjustment section for shifting a center
value between the positive gradation voltage and the
negative gradation voltage which are generated by the
gradation voltage generation section, the gradation volt-
age adjustment section includes first to third adjustment
voltage generation circuits each of which generates an
adjustment voltage so as to correspond to a gradation
voltage adjustment signal supplied from a control sec-
tion; and

a control section for setting a shift amount of the gradation
voltage adjustment section in accordance with the pixel
section driven in the liquid crystal panel.

51. The liquid crystal panel display circuit as set forth in
claim 50, wherein the control section further sets the shift
amount so as to correspond to a gradation displayed in the
pixel section driven in the liquid crystal panel.

52. A liquid crystal display device, comprising:

a gradation voltage generation circuit to generate a grada-

tion voltage for display;
aplurality of scanning signal lines and a plurality of video
signal lines which intersect with each other; and
aplurality of pixel sections, provided in a two dimensional
manner, which are sectioned by the scanning signal lines
and the video signal lines, the gradation voltage which
corresponds to each video data signal being supplied to
each of the pixel sections so as to make a display,
wherein
the gradation voltage generation circuit includes a gra-
dation voltage adjustment section for carrying out
voltage adjustment by increasing a positive gradation
voltage VH(X) of an X-th gradation and a negative
gradation voltage VL(X) of the X-th gradation so that
an increment corresponds to an adjustment voltage of
a pixel section connected to a corresponding video
signal line,

the gradation voltage adjustment section include: one
ore more adjustment voltage generation circuits each
of which generates an adjustment voltage so as to
correspond to a gradation voltage adjustment signal
supplied from a control section and differential ampli-
fication circuits each of which differentially amplifies
a voltage obtained by adding the output adjustment
voltage of the adjustment voltage generation circuit to
a predetermined reference voltage,

the adjustment voltage generation circuits are fourth to
n-th (n is a natural number not less than 5) adjustment
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voltage generation circuits for generating adjustment
voltages corresponding to respective gradations, and
the number of the differential amplification circuits is
nx2 so as to correspond to each of positive and nega-
tive gradation voltages, and a positive input terminal
of each of the differential amplification circuits is
connected to (T) an output section via which a prede-
termined reference voltage is outputted from the first
voltage dividing circuit and (II) any one of output
terminals of the first to n-th adjustment voltage gen-
eration circuits which corresponds to the output sec-
tion, and an output terminal of each of the differential
amplification circuits is connected to either a position
of the second voltage dividing circuit or a position of
the third voltage dividing circuit so that the positions
correspond to each other as positive and negative
sides.
53. A liquid crystal display device, comprising:
a gradation voltage generation circuit to generate a grada-
tion voltage for display;
a plurality of scanning signal lines and a plurality of video
signal lines which intersect with each other; and
a plurality of pixel sections, provided in a two dimensional
manner, which are sectioned by the scanning signal lines
and the video signal lines, the gradation voltage which
corresponds to each video data signal being supplied to
each of the pixel sections so as to make a display,
wherein
the gradation voltage generation circuit includes a gra-
dation voltage adjustment section for carrying out
voltage adjustment by increasing a positive gradation
voltage VH(X) of an X-th gradation and a negative
gradation voltage VL(X) of the X-th gradation so that
an increment corresponds to an adjustment voltage of
a pixel section connected to a corresponding video
signal line,
the gradation voltage adjustment section include: one
ore more adjustment voltage generation circuits each
of which generates an adjustment voltage so as to
correspond to a gradation voltage adjustment signal
supplied from a control section and differential ampli-
fication circuits each of which differentially amplifies
a voltage obtained by adding the output adjustment
voltage ofthe adjustment voltage generation circuit to
a predetermined reference voltage,
the first to third adjustment voltage generation circuits
generate adjustment voltages according to gradations
respectively corresponding to a maximum gradation
voltage, an intermediate gradation voltage, and a
minimum gradation voltage, and
the differential amplification circuits are provided so
that output voltage values thereof respectively
become a positive maximum gradation voltage, a
positive intermediate gradation voltage, a positive
minimum gradation voltage, a negative maximum
gradation voltage, a negative intermediate gradation
voltage, a negative minimum gradation voltage, and a
positive input terminal of each of the differential
amplification circuits is connected to (I) an output
section via which a predetermined reference voltage
1s outputted from the first voltage dividing circuit and
(1) any one of output terminals of the first to third
adjustment voltage generation circuits which corre-
sponds to the output section, an output terminal of
each of the differential amplification circuits is con-
nected to either the second voltage dividing circuit or
the third voltage dividing circuit so that the second
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and third voltage dividing circuits symmetrically cor-
respond to each other as positive and negative sides.

54. The liquid crystal display device as set forth in claim

53, wherein:

the differential amplification circuits are first to sixth dif-
ferential amplification circuits, and

the first differential amplification circuit receives via its
positive input terminal a voltage obtained by increasing
a positive first reference voltage of the first voltage
dividing circuit so that the increment corresponds to the
output adjustment voltage of the first adjustment voltage
generation circuit and the first differential amplification
circuit outputs an output voltage to a part of an output
terminal via which a positive maximum gradation volt-
age of the second voltage dividing circuit is outputted,
and

the second differential amplification circuit receives via its
positive input terminal a voltage obtained by increasing
a positive second reference voltage of the first voltage
dividing circuit so that the increment corresponds to the
output adjustment voltage and the second differential
amplification circuit outputs an output voltage to a part
of an output terminal via which a positive intermediate
gradation voltage of the second voltage dividing circuit
is outputted, and

the third differential amplification circuit receives via its
positive input terminal a voltage obtained by increasing
a positive third reference voltage of the first voltage
dividing circuit so that the increment corresponds to the
output adjustment voltage and the third differential
amplification circuit outputs an output voltage to a part
of an output terminal via which a positive minimum
gradation voltage of the second voltage dividing circuit
is outputted, and

the fourth differential amplification circuit receives via its
positive input terminal a voltage obtained by increasing
a negative fourth reference voltage of the first voltage
dividing circuit so that the increment corresponds to the
output adjustment voltage and the fourth differential
amplification circuit outputs an output voltage to a part
of an output terminal via which a negative maximum
gradation voltage of the third voltage dividing circuit is
outputted, and

the fifth differential amplification circuit receives via its
positive input terminal a voltage obtained by increasing
a negative fifth reference voltage of the first voltage
dividing circuit so that the increment corresponds to the
output adjustment voltage and the fifth differential
amplification circuit outputs an output voltage to a part
of an output terminal via which a negative intermediate
gradation voltage of the third voltage dividing circuit is
outputted, and

the sixth differential amplification circuit receives via its
positive input terminal a voltage obtained by increasing
a negative sixth reference voltage of the first voltage
dividing circuit so that the increment corresponds to the
output adjustment voltage and the sixth differential
amplification circuit outputs an output voltage to a part
of an output terminal via which a negative minimum
gradation voltage of the third voltage dividing circuit is
outputted.

55. A liquid crystal display driving circuit, comprising a

gradation voltage generation circuit for generating a positive

and negative display gradation voltage so as to drive a liquid
crystal display section by using the display gradation voltage
so that the liquid crystal display section displays an
image, wherein
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the gradation voltage generation circuit includes a grada-
tion voltage adjustment section for carrying out voltage
adjustment by increasing a positive gradation voltage
VH(X) of an X-th gradation and a negative gradation
voltage VL(X)of the X-th gradation so that an increment
corresponds to an adjustment voltage of a pixel section
to which a corresponding video signal is supplied,

the gradation voltage adjustment section includes one or

more adjustment voltage generation circuits each of
which generates an adjustment voltage so as to corre-
spond to a gradation voltage adjustment signal supplied
from a control section and differential amplification cir-
cuits each of which differentially amplifies a voltage
obtained by adding the output adjustment voltage of the
adjustment voltage generation circuit to a predetermined
reference voltage,

the adjustment voltage generation circuits are first to n-th

(nis anaturalnumber not less than 2) adjustment voltage
generation circuits for generating adjustment voltages
corresponding to respective gradations, and

the number of the differential amplification circuits is nx2

so as to correspond to each of positive and negative
gradation voltages, and a positive input terminal of each
of the differential amplification circuits is connected to
(I) an output section via which a predetermined refer-
ence voltage is outputted from the first voltage dividing
circuit and (IT) any one of output terminals of the first to
n-th adjustment voltage generation circuits which cor-
responds to the output section, and an output terminal of
each of the differential amplification circuits is con-
nected to either a position of the second voltage dividing
circuit or a position of the third voltage dividing circuit
so that the positions correspond to each other as positive
and negative sides.

56. A liquid crystal display driving circuit, comprising a
gradation voltage generation circuit for generating a positive
and negative display gradation voltage so as to drive a liquid
crystal display section by using the display gradation voltage
so that the liquid crystal display section displays an image,
wherein

the gradation voltage generation circuit includes a grada-

tion voltage adjustment section for carrying out voltage
adjustment by increasing a positive gradation voltage
VH(X) of an X-th gradation and a negative gradation
voltage VL(X)of the X-th gradation so that an increment
corresponds to an adjustment voltage of a pixel section
to which a corresponding video signal is supplied,

the gradation voltage adjustment section includes one or

more adjustment voltage generation circuits each of
which generates an adjustment voltage so as to corre-
spond to a gradation voltage adjustment signal supplied
from a control section and differential amplification cir-
cuits each of which differentially amplifies a voltage
obtained by adding the output adjustment voltage of the
adjustment voltage generation circuit to a predetermined
reference voltage,

the adjustment voltage generation circuits are first to third

adjustment voltage generation circuits for generating
adjustment voltages according to gradations respec-
tively corresponding to a maximum gradation voltage,
an intermediate gradation voltage, and a minimum gra-
dation voltage, and

the differential amplification circuits are provided so that

output voltage values thereof respectively become a
positive maximum gradation voltage, a positive interme-
diate gradation voltage, a positive minimum gradation
voltage, a negative maximum gradation voltage, a nega-
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tive intermediate gradation voltage, a negative minimum
gradation voltage, and a positive input terminal of each
of the differential amplification circuits is connected to
(D) an output section via which a predetermined refer-
ence voltage is outputted from the first voltage dividing
circuit and (II) any one of output terminals of the first to
third adjustment voltage generation circuits which cor-

responds to the output section, an output terminal of

each of the differential amplification circuits is con-
nected to either the second voltage dividing circuit or the
third voltage dividing circuit so that the second and third
voltage dividing circuits symmetrically correspond to
each other as positive and negative sides.

57. The liquid crystal display driving circuit as set forth in

claim 56, wherein:

the differential amplification circuits are first to sixth dif-
ferential amplification circuits, and

the first differential amplification circuit receives via its
positive input terminal a voltage obtained by increasing
a positive first reference voltage of the first voltage
dividing circuit so that the increment corresponds to the
output adjustment voltage of the first adjustment voltage
generation circuit and the first differential amplification
circuit outputs an output voltage to a part of an output
terminal via which a positive maximum gradation volt-
age of the second voltage dividing circuit is outputted,
and

the second differential amplification circuit receives via its
positive input terminal a voltage obtained by increasing
a positive second reference voltage of the first voltage
dividing circuit so that the increment corresponds to the
output adjustment voltage and the second differential
amplification circuit outputs an output voltage to a part
of an output terminal via which a positive intermediate
gradation voltage of the second voltage dividing circuit
is outputted, and

15

o5}

0

44

the third differential amplification circuit receives via its
positive input terminal a voltage obtained by increasing
a positive third reference voltage of the first voltage
dividing circuit so that the increment corresponds to the
output adjustment voltage and the third differential
amplification circuit outputs an output voltage to a part
of an output terminal via which a positive minimum
gradation voltage of the second voltage dividing circuit
is outputted, and

the fourth differential amplification circuit receives via its
positive input terminal a voltage obtained by increasing
a negative fourth reference voltage of the first voltage
dividing circuit so that the increment corresponds to the
output adjustment voltage and the fourth differential
amplification circuit outputs an output voltage to a part
of an output terminal via which a negative maximum
gradation voltage of the third voltage dividing circuit is
outputted, and

the fifth differential amplification circuit receives via its
positive input terminal a voltage obtained by increasing
a negative fifth reference voltage of the first voltage
dividing circuit so that the increment corresponds to the
output adjustment voltage and the fifth differential
amplification circuit outputs an output voltage to a part
of an output terminal via which a negative intermediate
gradation voltage of the third voltage dividing circuit is
outputted, and

the sixth differential amplification circuit receives via its
positive input terminal a voltage obtained by increasing
a negative sixth reference voltage of the first voltage
dividing circuit so that the increment corresponds to the
output adjustment voltage and the sixth differential
amplification circuit outputs an output voltage to a part
of an output terminal via which a negative minimum
gradation voltage of the third voltage dividing circuit is
outputted.
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