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57) ABSTRACT

An object of the invention is to enhance the display quality
of a liquid crystal display apparatus of a line reversal driving
method. The liquid crystal display apparatus drives an
active-matrix liquid crystal panel by the use of the line
reversal driving method. To do so, a common driver AC-
drives one of a pair of electrode in each of all the pixels of
the liquid crystal panel. An adding circuit obtains the sum of
a plurality of gradation components for deciding the grada-
tions of the pixels in one of the columns in the liquid crystal
panel at intervals of the predetermined horizontal period. A
voltage setting portion in a source driver corrects a reference
voltage difference AVref on the basis of the sum at intervals
of the horizontal period, divides the corrected reference
voltage difference AVrefa, decides a plurality of gradation

23, 1999. voltages, and selects voltages to be applied to a plurality of
data lines in the liquid crystal panel from among the gra-
(30) Foreign Application Priority Data dation voltages based on the plurality of gradation compo-
nents. The selected plurality of voltages are applied to the
Mar. 25, 1998 (JP) ceoeoeirceeeeeeen P10-076797 plurality of data lines.
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FIG.10 PRIOR ART
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METHOD OF DRIVING LIQUID CRYSTAL PANEL,
AND LIQUID CRYSTAL DISPLAY APPARATUS

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to a method of driv-
ing a liquid crystal panel and a liquid crystal display
apparatus for displaying high-quality images when multi-
color display or full-color display is performed or when the
liquid crystal panel for displaying an image is increased in
size.

[0003] 2. Description of the Related Art

[0004] A conventional active-matrix liquid crystal display
apparatus using a thin-film transistor (hereinafter, referred to
as “TFT”) includes a liquid crystal panel comprising a
plurality of pixels arranged in a matrix form, and a liquid
crystal driving portion for supplying electric signals to the
liquid crystal panel. The pixels each have a structure such
that liquid crystal is sandwiched between a pixel electrode
and a counter electrode. In addition to the plurality of pixels,
the liquid crystal panel includes a plurality of scanning lines,
a plurality of data lines and a plurality of TFTs. The pixel
electrode in each pixel is connected to one of the data lines
through one of TFTs. The counter electrodes of all the pixels
are interconnected to one another to form one common
electrode. The liquid crystal driving portion includes a gate
driver for supplying electric signals to the scanning lines, a
source driver for supplying electric signals to the data lines,
and the common ¢lectrode.

[0005] FIG. 10 is a block diagram showing the electric
structure of the source driver 1. The source driver 1 includes
an input latch circuit 2, a shift register 3, a sampling memory
4, a hold memory S, a D/A converter 6, a gradation-voltage-
generating circuit 7 and an output circuit 8. The source
driver 1 is supplied with the image data representative of the
image to be displayed. The image data comprises data for
expressing the brightness, chroma and hue of each image
element forming the image. Each image element of the
image corresponds to a set of three pixels having red, blue
and green color filters, respectively, in the liquid crystal
panel. Therefore, each image element data comprises three
kinds of gradation components, namely, so-called R (red), G
(green) and B (blue) components, and the gradation com-
ponents represent 64 levels of gradations.

[0006] First, the three kinds of gradation components in
each image element data are successively supplied to the
input latch circuit 2 to be latched. Based on a synchronizing
signal SPI supplied from a control circuit disposed outside
the source driver 1 through the shift register 3 that operates
in response to a clock signal CK, the sampling memory 4
samples the image data latched by the input latch circuit 2.
Consequently, a part of the image data which part is asso-
ciated with an electric signal to be supplied from the source
driver 1 to the liquid crystal panel within a single horizontal
period 1H, that is, a plurality of gradation components that
decide the gradations of a plurality of pixels constituting one
of the rows in the liquid crystal panel are stored in the
sampling memory 4. The plurality of gradation components
are transferred from the sampling memory 4 to the hold
memory 5 in synchronism with a synchronizing signal LS of
the horizontal period of the liquid crystal panel.
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[0007] The hold memory § latches the plurality of grada-
tion components being transferred, and supplies the plurality
of gradation components to the D/A converter 6. The gra-
dation-voltage-generating circuit 7 divides the difference
between predetermined two reference voltages Vrefl and
Vref2, decides 64 kinds of gradation voltages and supplies
the gradation voltages to the D/A converter. The gradation
voltages each correspond to one of the 64 levels of grada-
tions that the pixels can take. The D/A converter 6 selects
from among the 64 kinds of gradation voltages the gradation
voltages that correspond to the gradations shown by the
plurality of gradation components being supplied, and sup-
plies the selected gradation voltages to the output circuit 8.
The output circuit 8 impedance-converts the selected gra-
dation voltages and charges or discharges the source lines of
the liquid crystal panel in accordance with the impedance-
converted gradation voltages. Consequently, to the source
lines of the liquid crystal panel, electric signals of voltages
based on the image data are supplied as so-called data
signals.

[0008] In each of the pixels, since the pixel electrode and
the counter electrode act as electrodes of a capacitor, a
capacitance called, for example, parasitic capacitance is
present. That is, data signals in accordance with the voltages
to be held by the pixels are supplied from the source driver
to the data lines and the states of the TFTs are changed,
whereby the voltages can be written into the pixels so as to
be held by the pixels.

[0009] For example, with respect to one of all the TFTs,
when the voltage of an electric signal, namely, a so-called
scanning signal, supplied from the gate driver to the scan-
ning line to which the gate terminal of the TFT is connected
becomes positive, a positive voltage is applied to the gate
terminal, so that the one of the TFTs changes to so-called
ON state. Consequently, the pixel including the pixel elec-
trode to which the one of the TFTs is connected is charged
by the voltage applied to the data line to which the one of the
TFTs is connected. When the voltage of the scanning signal
becomes negative, a negative voltage is signal 11 of the
scanning signals 11a to 11f, one data signal 12 of a plurality
of data signals supplied from the source driver 1 to five data
lines, and a voltage 13 applied to the common electrode in
the liquid crystal display apparatus. FIGS. 11 and 12 will be
described together.

[0010] The scanning signals 11a to 11f are held at high
level during a predetermined single horizontal period WH at
intervals of a predetermined frame display period CH, and
are held at low level during the remaining period. The timing
where the plurality of scanning signals 11a to 11f are held at
high level within a time period corresponding to one cycle
of a horizontal synchronization cycle differs among the
signals. Therefore, to all the pixels in the row of pixels on
one of the scanning lines, the voltage to be held is written
while the scanning signal supplied to the one of the scanning
lines is held at high level. The row of pixels on one of the
scanning lines is a set of a plurality of pixels including pixel
electrodes connected to the drain terminals of a plurality of
TFTs whose gate terminals are connected to the one of the
scanning lines.

[0011] The cycle of the alternating component of the
voltage 13 applied to the common electrode equals the
horizontal period WH. That is, when the line reversal driving
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method is used, the common electrode is AC-driven in a
cycle the same as the horizontal period WH by a single 5-V
power source. The alternating component of the data signal
12 changes in a predetermined cycle that is shorter than the
horizontal period WH around the center of amplitude of the
alternating component of the voltage 13 applied to the
common electrode. The amplitude of the alternating com-
ponent of the data signal 12 varies according to the gradation
of the pixel. The alternating component of a data signal 124
of a case where the gradation of the pixel is maximum, that
is, a case where the pixel represents black is opposite in
polarity to the alternating component of a data signal 126 of
a case where the gradation of the pixel is minimum, that is,
a case where the pixel represents white. The amplitudes of
the data signals 12q and 12b of the cases where the gradation
of the pixel is maximum and where the gradation is mini-
mum are both smaller than the amplitude of the alternating
component of the voltage 13 applied to the common elec-
trode.

[0012] The arrow 14 indicates the polarity of the current
flowing through the pixel in order to write the voltage to be
held into the pixel, that is, whether or not the voltage held
by the data line is higher than the voltage held by the
common electrode when the voltage to be held is written into
the pixel. When the arrow 14 points upward, since the
voltage of the data line is higher than the voltage of the
common electrode, the polarity is positive. When the arrow
14 points downward, since the voltage of the data line is
lower than the voltage of the common electrode, the polarity
is negative. When the polarity is positive, the current flows
from the data line through the pixel to the common elec-
trode. When the polarity is negative, the current flows from
the common electrode through the pixel to the data line.

[0013] FIG. 13A shows the polarities of the currents in all
the pixels which currents are for writing the voltages to be
held into all the pixels in the liquid crystal panel in a given
frame in case where the liquid crystal display apparatus is
driven by the use of the line reversal driving method. FIG.
13B shows the polarities of the currents in all the pixels in
a frame next to the frame of FIG. 13A in the above-
mentioned case. The plural rectangles arranged in a matrix
correspond to the pixels in the liquid crystal panel of 6 rows
and 5 columns. The rows of the rectangles correspond to the
rows of pixels. The columns of the rectangles correspond to
the columns of pixels, that is, sets of all the pixels including
the pixel electrodes connected to one given data line through
the TFTs. When the polarity of the current flowing through
a pixel is positive, “+” is drawn in the rectangle correspond-
ing to the pixel. When the polarity is negative, “=” is drawn
in the rectangle.

[0014] The polarity of the current flowing through one
given pixel of the liquid crystal panel is reversed between
the first frame and the next frame. In both of the first and the
next frames, the polarities of the currents flowing through
two adjoining pixels in one column are different from each
other and the polarities of the currents flowing through all
the pixels in one row are equal to one another. Consequently,
the currents concentrate at the common electrode, so that a
voltage drop is apt to occur at the common electrode. When
a voltage drop occurs, it is impossible to correctly write the
voltages to be held into the pixels, so that the display quality
of the liquid crystal display apparatus is reduced.
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[0015] A cause of display quality reduction of the liquid
crystal display apparatus when the liquid crystal display
apparatus is driven by the use of the line reversal driving
method will be described in detail by the use of an equiva-
lent circuit of the liquid crystal display apparatus of FIG. 14.
In FIG. 14, it is assumed that the pixels of a liquid crystal
panel 20 are arranged in 2 rows and 2 columns, and the
common electrode is shown as a plurality of counter elec-
trodes 22 successively connected by conductors 25 each
having an internal resistance component rc.

[0016] For example, it is assumed that the voltages to be
held are written into pixels 21a and 215 on the first scanning
line 24a from the top by a positive-polarity current. In this
case, the voltage of the scanning signal supplied to the first
scanning line 244 based on an output 234 from the gate
driver is a voltage capable of turning on the TFTs, whereas
the voltage of the scanning signal supplied to the second
scanning line from the top based on an output 235 from the
gate driver is a voltage capable of turning off the TFTs. In
the above-described case, the currents flowing into the
pixels 21a and 215 of the row on the first scanning line 244
flow, as shown by the broken line 30, from data lines 264 and
26D through TFTs 27a and 27b and pixels 28a and 28b to
parts 29 on the side of the common electrode.

[0017] As described above, when the polarities of the
currents written into all the pixels of the row on one given
scanning line are equal to one another, the directions of the
currents flowing through all the pixels are equal to one
another. Therefore, the currents flowing out of all the pixels
concentrate at the common electrode, so that a voltage drop
occurs due to the resistance components rc of the conductors
25 interposed between the counter electrodes 22 and the
internal resistance Rc of the parts 29 on the side of the
common electrode. Consequently, as shown in FIG. 185, the
actual voltage Vo between the common electrode and the
pixel electrode is lower than the difference VP between the
voltage of the data signal and the voltage applied to the
common electrode by the amount Vy of the voltage drop.
That is, the voltage actually held by the common electrode
is closer to the voltage of the common electrode than a
voltage to be intrinsically held by the pixel electrode by the
voltage drop amount Vy.

[0018] The voltage drop amount Vy varies according to
the voltage of the data signal. For example, the voltage drop
amount Vy is largest when all of the voltages of all the data
signals supplied to the liquid crystal panel within the hori-
zontal period WH are the highest pixel voltage of the pixel
voltages of the 64 gradations. Moreover, for example, the
voltage drop amount is smallest when all of the voltages of
all the data signals are the lowest pixel voltage of the pixel
voltages of the 64 gradations. The levels of all the data
signals are decided in accordance with the gradation distri-
bution of the image elements of one of the rows in the image
represented by the image data and the gradation distributions
of the image elements of the rows in the image frequently
differ from one another. Therefore, the levels of all the data
signals change at intervals of a horizontal period, that is,
every time the row into which the voltage to be held is
written is changed.

[0019] Consequently, when a sheet of image is displayed
on the liquid crystal panel, so-called gradation nonunifor-
mity is caused in the image, and when an image in which



US 2003/0034947 Al

there is a black window against a halftone background is
displayed on the liquid crystal display apparatus, the periph-
eral part of the black window in the background is whiter
than the part other than the peripheral part in the back-
ground. Therefore, in the above-described case, so-called
lateral shadowing becomes a problem. From the above,
when the liquid crystal display apparatus is driven by the use
of the line reversal driving method, the display quality of the
liquid crystal display apparatus is reduced.

[0020] Hereinafter, the behavior of the liquid crystal dis-
play apparatus of the above-described structure when the
liquid crystal apparatus is driven by the dot reversal driving
method will be described. FIG. 16 shows a timing chart of
a scanning signal 31, a data signal 32 and a voltage 33
applied to the common electrode in the liquid crystal display
apparatus. The definitions of the signals 31, 324, 32b and 33
and the definition of the arrow 34 are the same as the
definitions of the signals 11, 124, 12b and 13 and the
definition of the arrow 14 of FIG. 12, respectively. The
scanning signal 31 is the same as the scanning signal 11 of
FIG. 12. The alternating component of the data signal 32
changes in a cycle shorter than the horizontal period WH.
The voltage 33 applied to the common electrode is always
held at the center of amplitude of the alternating component
of the data signal 32. Therefore, the liquid crystal display
apparatus is driven so that the voltage of the common
electrode is always the same and that the voltages of all the
pixel electrodes are symmetrical with respect to the voltage
of the common electrode.

[0021] FIG. 17A shows the polarities of the currents in all
the pixels which currents are for writing the voltages to be
held into all the pixels in the liquid crystal panel in a given
frame in a case where the liquid crystal display apparatus is
driven by the use of the dot reversal driving method. FIG.
17B shows the polarities of the currents in all the pixels in
a frame next to the frame of FIG. 17A in the above-
mentioned case. The definitions of the rectangles, “+” and
“~” of FIGS. 17A and 17B are the same as the definitions
of the rectangles, “+” and “-” of FIGS. 13A and 13B.

[0022] The polarities of the currents flowing through the
pixels of the liquid crystal panel differ between the first
frame and the next frame. In both of the first and the next
frames, the polarities of the currents flowing through two
adjoining pixels in one column are different from each other
and the polarities of the currents flowing through two
adjoining pixels in one row are different from each other.
Consequently, when the voltages are written into all the
pixels in the row on one of the scanning lines, the directions
of flow of the currents for writing the voltages into two
adjoining pixels are opposite to each other, so that the
currents flowing from the two adjoining pixels cancel each
other out. Therefore, the voltage of the common electrode is
stabilized, so that the voltage held by the pixel electrode
does not vary.

[0023] Conventional liquid crystal display apparatuses of
which liquid crystal panel is driven by the use of the dot
reversal driving method include an active-matrix liquid
crystal display apparatus of Japanese Publication for Laid-
Open Patent Application Hei 5-341732 (1993). In this liquid
crystal display apparatus, in accordance with the amplitude
of the alternating component of the data signal, the voltage
of the common electrode is regulated so as to be always the
same as the center of voltage variation of the pixel electrode.
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[0024] In a liquid crystal display apparatus using the dot
reversal driving method, for example, the active-matrix
liquid crystal display apparatus of JP-A 5-341732, the inte-
grated circuit constituting the source driver requires a driv-
ing voltage approximately twice the driving voltage required
by the integrated circuit constituting the source driver in the
liquid crystal display apparatus using the line reversal driv-
ing method. Therefore, while a so-called low withstand
process can be used for the latter integrated circuit, it is
necessary to use an intermediate withstand process for the
former integrated circuit. Therefore, the size of the inte-
grated circuit of the liquid crystal display apparatus using
the dot reversal driving method is larger than the size of the
integrated circuit of the liquid crystal display apparatus
using the line reversal driving method, and the number of
masks necessary for manufacturing the former integrated
circuit is greater than the number of masks necessary for
manufacturing the latter integrated circuit. Consequently,
the manufacturing process of the integrated circuit of the
liquid crystal display apparatus using the dot reversal driv-
ing method is more complicated than the manufacturing
process of the integrated circuit of the liquid crystal display
apparatus using the line reversal driving method.

[0025] From these, the manufacturing cost of the inte-
grated circuit of the liquid crystal display apparatus using
the dot reversal driving method is higher than the manufac-
turing cost of the integrated circuit of the liquid crystal
display apparatus using the line reversal driving method.
Moreover, since the integrated circuit of the liquid crystal
display apparatus using the dot reversal driving method
employs the intermediate withstand process, it is necessary
that the power circuit for supplying power for driving the
integrated circuit withstand higher voltages than conven-
tional power circuits. For this reason, it is necessary to newly
develop a power circuit that withstands voltages of at least
10 V.

[0026] As described above, when the liquid crystal display
apparatus of the above-described structure is driven by the
use of the line reversal driving method, the display quality
of the liquid crystal display apparatus is reduced due to
shadowing and nonuniformity in brightness. When the lig-
uid crystal display apparatus of the above-described struc-
ture is driven by the use of the dot reversal driving method,
it is impossible to use the low withstand process for the
driver in the liquid crystal driving portion, so that the
manufacturing cost of the liquid crystal display apparatus
increases.

SUMMARY OF THE INVENTION

[0027] An object of the invention is to provide a liquid
crystal display apparatus and a method of driving a liquid
crystal panel capable of preventing the display quality from
being reduced and capable of reducing the manufacturing
cost of the liquid crystal driving portion.

[0028] The invention provides a method of driving a liquid
crystal panel which is constituted of a plurality of pixels
arranged in a matrix form, the plurality of pixels each being
composed of a pair of electrodes and liquid crystal sand-
wiched therebetween, and being divided into a plurality of
pixel groups each composed of plural pixels,
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[0029]

[0030] performing a predetermined computing
operation at intervals of a predetermined horizon-
tal period by the use of gradation data represen-
tative of gradations of pixels of one of the pixel
groups;

[0031] correcting a voltage decided on the basis of
gradation data of each pixel of the one pixel group,
on the basis of a result of the computing operation,
to obtain a corrected voltage thereof; and

[0032] applying the corrected voltage between a
pair of electrodes of each pixel of the one of the
pixel groups during the horizontal period.

the method comprising:

[0033] According to the invention, the liquid crystal panel
is driven by the above-described driving method. Conse-
quently, the voltage between the pair of electrodes for each
pixel of the one pixel group is corrected on the basis of the
computation result. Consequently, even when a voltage
between the pair of electrodes of each pixel of the one pixel
group varies due to the gradation data for the one pixel
group, the voltage between the pair of electrodes of each
pixel can be made a voltage which is in accordance with the
gradation represented by the gradation data for the one pixel
group. As a result, when the display panel is driven by the
driving method, the display quality of the liquid crystal
panel is enhanced as compared with that by the conventional
driving method.

[0034] The invention is characterized in that the comput-
ing operation is an operation of adding the gradation data.

[0035] According to the invention, in the method of driv-
ing a liquid crystal panel, the gradation data is added to one
another. Consequently, the correction voltages are obtained
based on the gradation data and the sum of the gradation
data. That is, the voltage between the pair of electrodes in
each pixel of the one of the pixel groups is corrected based
on the sum of the plurality of gradation data. As a result, the
computing operation of the gradation data is facilitated.

[0036] The invention provides a liquid crystal display
apparatus comprising:

[0037] aliquid crystal panel constituted of a plurality
of pixels arranged in a matrix form, the plurality of
pixels each being composed of a pair of electrodes
and liquid crystal sandwiched therebetween, and
being divided into a plurality of pixel groups each
composed of plural pixels,

[0038] computing means for performing a predeter-
mined computing operation at intervals of a prede-
termined horizontal period by the use of gradation
data representative of gradations of pixels of one of
the pixel groups;

[0039] correction voltage setting means for correct-
ing a voltage decided on the basis of gradation data
of each pixel of the one pixel group, on the basis of
a result of the computing operation, to obtain a
corrected voltage thereof; and

[0040] wvoltage applying means for applying the cor-
rected voltage between a pair of electrodes of each
pixel of the one of the pixel groups during the
horizontal period.
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[0041] According to the invention, the liquid crystal dis-
play apparatus includes the above-described constitution.
Therefore, the voltage between the pair of electrodes in each
pixel of one of the pixel groups is corrected based on the
result of the computing operation every horizontal period.
Consequently, the voltage between the pair of electrodes in
each pixel can be made a voltage that is in accordance with
the gradations represented by the gradation data even when
the voltage of one of the pair of electrodes in each pixel
varies due to the gradation data. As a result, the liquid crystal
display apparatus is better than the conventional liquid
crystal display apparatus in display quality.

[0042] The invention is characterized in that the comput-
ing operation is an operation of adding the gradation data.

[0043] According to the invention, the computing means
of the liquid crystal display apparatus obtains the sum of the
gradation data. Consequently, the corrected voltage is
obtained based on each gradation data and the sum of the
gradation data. As a result, the structure of the computing
means is simplified and the computing operation is facili-
tated.

[0044] The invention is characterized in that the liquid
crystal display apparatus further comprises correction signal
generating means for generating a correction signal associ-
ated with correction of the voltage on the basis of the result
of the computing operation and supplying the correction
signal to the correction voltage setting means in synchro-
nism with the horizontal period,

[0045] and the correction voltage setting means
obtains the correction voltage on the basis of the
gradation data and the correction signal every time
the correction signal is supplied.

[0046] According to the invention, the liquid crystal dis-
play apparatus comprises the correction signal generating
means for outputting the correction signal representative of
the result of the computing operation in synchronism with
the horizontal period which is interposed between the com-
puting means and the correction voltage setting means.
Consequently, the correction voltage setting means can
obtain the correction voltage at intervals of the horizontal
period in response to the correction signal instead of in
response to the result of the computing operation by the
computing means. That is, the correction voltage setting
means can obtain the correction voltage in synchronism with
the horizontal period.

[0047] The invention is characterized in that the comput-
ing means outputs a bit string representative of the result of
the computing operation and that the correction signal
generating means generates the correction signal on the
basis of a part of bits of the bit string.

[0048] According to the invention, the correction signal
generating means of the liquid crystal display apparatus
generates the correction signal by the use of only a part of
the bits of the bit string representative of the result of the
computing operation. Consequently, the number of bits of a
bit string representative of the correction signal is smaller
than the number of bits of the bit string representative of the
result of the computing operation. As a result, the number of
input terminals of the correction voltage setting means of a
case where the correction signal is supplied can be made
smaller than the number of input terminals of the correction
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voltage setting means of a case where the result of the
computing operation is directly supplied, and the circuit
scale of the liquid crystal display apparatus of the case where
the correction signal is supplied can be made smaller than
the circuit scale of the liquid crystal display apparatus of the
case where the result of the computing operation is directly
supplied. When the correction signal is generated by the use
of only a part of the bits, the closer the number of bits of the
part is to the number of all the bits of the bit string
representative of the result of the computing operation, the
higher the accuracy of the correction voltage is.

[0049] The invention is characterized in that the comput-
ing means outputs a bit string representative of the result of
the computing operation and that the correction signal
generating means generates the correction signal on the
basis of all the bits of the bit string.

[0050] According to the invention, the correction signal
generating means of the liquid crystal display apparatus
generates the correction signal by the use of all the bits of the
bit string representative of the result of the computing
operation. In this case, the correction signal generating
means may output the bit string as the correction signal as
it is or may generate a correction signal including bits fewer
in number than the bits of the bit string by performing
computing operations on all the bits. Consequently, the
correction voltage set by the correction voltage setting
means is highest in accuracy. As a result, a highest-display-
quality liquid crystal display apparatus can be attained.

[0051] The invention is characterized in that the liquid
crystal display apparatus further comprises a reference
power source for genmerating a predetermined reference
voltage, and that the correction voltage setting means com-
prises:

[0052] reference voltage correcting means for cor-
recting the reference voltage on the basis of the result
of the computing operation;

[0053] wvoltage dividing means for dividing the cor-
rected reference voltage to obtain a plurality of
divisional voltages in accordance with all the grada-
tions that the pixels can take; and

[0054] selecting means for selecting from among the
plurality of divisional voltages a plurality of divi-
sional voltages in accordance with the gradation
represented by each gradation data as the correction
voltages.

[0055] According to the invention, the correction voltage
setting means of the liquid crystal display apparatus has the
above-described structure. Consequently, since the reference
voltage is corrected based on the result of the computing
operation, the plurality of divisional voltages correspond to
the voltages obtained by correcting based on the result of the
computing operation the voltages corresponding to all the
gradations that the pixels can take. As a result, the correction
voltage setting means can easily set the correction voltage.

[0056] The invention is characterized in that the reference
voltage correcting means and the voltage dividing means are
formed in a single integrated circuit.

[0057] According to the invention, the reference voltage
correcting means and the voltage dividing means are formed
on a single integrated circuit. This is for the following
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reasons: Generally, when a multiplicity of integrated circuits
are manufactured, there are variations in characteristics of
parts in the integrated circuits, for example, resistance
values of the resistors due to the manufacturing process of
the integrated circuits. Therefore, when the reference volt-
age correcting means and the voltage dividing means are
formed in two different integrated circuits, the variations in
characteristics of parts differ between the reference voltage
correcting means and the voltage dividing means. However,
when the reference voltage correcting means and the voltage
dividing means are formed in a single integrated circuit, the
variations in characteristics of parts are the same between
the reference voltage correcting means and the voltage
dividing means. Therefore, the variations in characteristics
in the entire correction voltage setting means are smaller
when the reference voltage correcting means and the voltage
dividing means are formed in a single integrated circuit than
when the reference voltage correcting means and the voltage
dividing means are formed in two different integrated cir-
cuits. That is, the variations in characteristics of parts due to
the manufacturing processing of the integrated circuits can
be restrained in the entire correction voltage setting means.
Moreover, since the number of integrated circuits in the
liquid crystal display apparatus is smaller when the refer-
ence voltage correcting means and the voltage dividing
means are formed in one integrated circuit than when the
reference voltage correcting means and the voltage dividing
means are formed in two different integrated circuits, the
cost of the parts is reduced and the assembly of the liquid
crystal display apparatus is facilitated. From these, it is
preferable that the reference voltage correcting means and
the voltage dividing means be formed in a single integrated
circuit.

[0058] The invention provides a liquid crystal display
apparatus comprising:

[0059] a liquid crystal panel constituted of a plurality
of pixels arranged in a matrix form, the plurality of
pixels each being composed of a pair of electrodes
and liquid crystal sandwiched therebetween, and
being divided into a plurality of pixel groups each
composed of plural pixels,

[0060] first voltage holding means for causing one of
the pair of the electrodes of each of all the pixels to
hold a first voltage that is changed at intervals of a
predetermined horizontal period;

[0061] computing means for performing a predeter-
mined computing operation at intervals of a prede-
termined horizontal period by the use of gradation
data representative of gradations of pixels of one of
the pixel groups;

[0062] second voltage setting means for obtaining at
intervals of the horizontal period a second voltage by
correcting on the basis of a result of the computing
operation by the computing means a voltage decided
on the basis of the gradation data and the first
voltage; and

[0063] second voltage holding means for causing the
other one of the pair of electrodes of each of all the
pixels in one of the pixel groups to hold the second
voltage during the horizontal period.

[0064] According to the invention, the first voltage hold-
ing means of the liquid crystal display apparatus supplies the
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voltage that is changed at intervals of the horizontal period,
to one of the electrodes in each pixel. That is, the liquid
crystal display apparatus uses the so-called line reversal
driving method. Therefore, the structure for driving the
liquid crystal panel in the liquid crystal display apparatus,
namely the first voltage holding means and the second
voltage holding means can be realized by so-called low
withstand process. Moreover, since the second voltage is
supplied to the other one of the electrodes in each pixel, the
voltage between the pair of electrodes in each pixel is a
voltage obtained by correcting based on the result of the
computing operation a voltage decided based on the grada-
tion data. Therefore, for example, the quality degradation of
the image displayed on the liquid crystal panel due to
shadowing or nonuniformity in brightness is prevented. As
a result, the liquid crystal display apparatus of the invention
is better than the conventional liquid crystal display appa-
ratus using the line reversal driving method in display
quality.

[0065] From these, in the liquid crystal display apparatus
of the invention, a better-display-quality liquid crystal panel
can be made than that in the conventional liquid crystal
display apparatus using the line reversal driving method, and
the cost of the structure for driving the liquid crystal panel
can be made lower than that of the structure of the conven-
tional liquid crystal display apparatus using the dot reversal
driving method. Moreover, in the liquid crystal display
apparatus of the invention, the display quality is prevented
from being reduced when the size of the liquid crystal panel
is increased and when the number of pixels in the liquid
crystal panel is increased.

BRIEF DESCRIPTION OF THE DRAWINGS

[0066] Other and further objects, features, and advantages
of the invention will be more explicit from the following
detailed description taken with reference to the drawings
wherein:

[0067] FIG. 1 is a block diagram showing the e¢lectric
structure of a liquid crystal display apparatus 41 according
to an embodiment of the invention;

[0068] FIG. 2 is a view showing an equivalent circuit of
a liquid crystal panel 43 provided in the liquid crystal
display apparatus 41,

[0069] FIG. 3 is a schematic view showing the structure
of one given pixel 58 in the liquid crystal panel 43 and the
structure of a peripheral part of the pixel 58 in the liquid
crystal panel 43;

[0070] FIG. 4 is a block diagram showing the electric
structure of a correction-controlling circuit 62 provided in
the liquid crystal display apparatus 41;

[0071] FIG. 5 is a block diagram showing the electric
structure of a source driver 46 provided in the liquid crystal
display apparatus 41,

[0072] FIG. 6 is a block diagram showing the electric
structure of a level-correcting circuit 77 and a gradation-
voltage-generating circuit 78 provided in the source driver

>

[0073] FIG. 7 is a block diagram showing the electric
structure of a bit computing circuit 100 provided in the
liquid crystal display apparatus 41;
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[0074] FIG. 8 is a block diagram showing the e¢lectric
structure of a correction-controlling circuit 106 provided in
the liquid crystal display apparatus 41;

[0075] FIG. 9 is a block diagram showing the electric
structure of a level-correcting circuit 107 and the gradation-
voltage-generating circuit 78 provided in the source driver
46;

[0076] FIG. 10 is a block diagram showing the e¢lectric
structure of the source driver 1 provided in the conventional
liquid crystal display apparatus;

[0077] FIG. 11 shows a timing chart of a plurality of
scanning signals supplied to a plurality of scanning lines in
the liquid crystal panel provided in the liquid crystal display
apparatus 1,

[0078] FIG. 12 shows a timing chart of one of the scan-
ning signals, one of a plurality of scanning signals supplied
to a plurality of gate lines in the liquid crystal panel, and the
voltage applied to the common electrode in the liquid crystal
panel when the liquid crystal display apparatus 1 is driven by
the use of the line reversal driving method;

[0079] FIGS. 13A and 13B are views showing the polari-
ties of the currents flowing through all the pixels in the liquid
crystal panel in a given frame and a frame next to the frame
when the liquid crystal display apparatus 1 is driven by the
use of the line reversal driving method;

[0080] FIG. 14 is a view showing the equivalent circuit of
the liquid crystal display apparatus 1,

[0081] FIG. 15 is a view showing the difference of the
voltage to be held by the pixel electrode caused due to the
data signal when the liquid crystal display apparatus 1 is
driven by the use of the line reversal driving method,

[0082] FIG. 16 shows a timing chart of one of the scan-
ning signals, one of a plurality of scanning signals supplied
to a plurality of gate lines in the liquid crystal panel, and the
voltage applied to the common electrode in the liquid crystal
panel when the liquid crystal display apparatus 1 is driven by
the use of the dot reversal driving method; and

[0083] FIGS. 17A and 17B are views showing the polari-
ties of the currents flowing into all the pixels in the liquid
crystal panel in a given frame and a frame next to the frame
when the liquid crystal display apparatus 1 is driven by the
use of the dot reversal driving method.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0084] Now referring to the drawings, preferred embodi-
ments of the invention are described below.

[0085] FIG. 1 is a block diagram showing the electric
structure of a liquid crystal display apparatus 41 according
to an embodiment of the invention. FIG. 2 is a view showing
an equivalent circuit of a liquid crystal panel 43 in the liquid
crystal display apparatus 41. FIG. 3 is a schematic view
showing the structure of a single pixel in the liquid crystal
panel 43 and the structure of a peripheral part of the pixel in
the liquid crystal panel 43. FIGS. 1 to 3 will be described
together. The liquid crystal display apparatus 41 is con-
nected, for example, to a computer main unit 40 so as to be
used as a display apparatus for the computer main unit 40.
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[0086] The liquid crystal display apparatus 41 includes the
liquid crystal panel 43 and a driving portion 42. The driving
portion 42 includes a control circuit 44, a level correction
computing circuit 45, a source driver 46, a gate driver 47 and
a reference power source 49. In this embodiment, it is
assumed that the liquid crystal panel 43 is a so-called XGA
panel capable of color display. While the source driver 46 is
divided into two integrated circuits in this embodiment, the
source driver 46 may be a single integrated circuit or may be
divided into three or more integrated circuits.

[0087] The liquid crystal panel 43 has a structure such that
a liquid crystal layer is sandwiched between a pair of
substrate members. One of the pair of substrate members
includes one main substrate, a plurality of scanning lines 51,
a plurality of data lines 52, a plurality of thin-film transistors
(hereinafter, referred to as “TFTs”) 53, a plurality of pixel
electrodes 54, and a plurality of auxiliary capacity portions
55. The other one of the pair of substrate members includes
one transparent counter substrate, one common electrode 56
and color filters 57.

[0088] The plurality of scanning lines 51, the plurality of
data lines 52, the plurality of TFTs 53, the plurality of pixel
electrodes 54 and the plurality of auxiliary capacity portions
55 are arranged on one surface of the main substrate in the
manner described below. The plurality of scanning lines 51
are arranged parallel to one another. The plurality of data
lines 52 are arranged parallel to one another and vertically
to the scanning lines 51. The plurality of TFIs 53 are
disposed one in the vicinity of each of a plurality of
intersections P of the scanning lines 51 and the data lines 52.
The plurality of pixel electrodes 54 are arranged parallel to
the scanning lines 51 and the data lines 52, so that the pixel
electrodes 54 are arranged in a matrix. The gate terminal and
the source terminal of each of the TFTs 53 are connected to
a single scanning line 51 and a single data line 52 situated
closest to the TFT 53, respectively. The pixel electrodes 54
are connected to the drain terminals of the TFTs 53. The
auxiliary capacity portions 55 are capacitors, and are inter-
posed between the pixel electrodes 54 and the scanning lines
51 other than the scanning lines 51 to which the pixel
electrodes 54 are connected through the TFTs 53. The
common electrode 56 is disposed on one surface of the
counter substrate. The color filters are disposed on one
surface of the counter substrate. The one surface of the main
substrate and the one surface of the counter substrate are
opposed to each other with a liquid crystal layer LC ther-
ebetween.

[0089] The portions of the liquid crystal panel 43 where
the pixel electrodes 54 are opposed to the common electrode
56 with the liquid crystal layer therebetween act as the pixels
58. That is, the common electrode 56 is common to all the
pixels 58. The portions of the common electrode 56 that are
opposed to the pixel electrodes 54 will be referred to as
counter portions 59. The color filters 57 are disposed so that
one color filter 57 is superposed on each pixel when the
liquid crystal panel 43 is viewed from a direction parallel to
the normal of the one surface of the counter substrate. In the
equivalent circuit of FIG. 2, the common electrode 56 is
shown as all the counter portions §9 connected by conduc-
tors 60 cach having a resistance component rc.

[0090] The pixels 58 are all arranged in a matrix in the
liquid crystal panel 43. A sct of a plurality of pixels 58
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linearly arranged in a direction parallel to the scanning lines
51 will be referred to as a “row”, whereas a set of a plurality
of pixels 58 linearly arranged in a direction parallel to the
data lines 52 will be referred to as a “column”. In FIG. 3,
the main substrate and the counter substrate are not shown.
In this embodiment, since the liquid crystal panel 43 is an
XGA panel capable of color display, the pixels 58 are
arranged in a matrix with 768 rows and 1028xRGB col-
umns, and the color filters 57 are formed so as to include a
plurality of red, blue and green filters. Given three pixels on
which single red, blue and green filters are superposed
correspond to one given pixel of a plurality of pixels
constituting a color image to be displayed on the liquid
crystal panel 43, and the brightness, the hue and the chroma
of the one pixel can be expressed by adjusting the gradations
of the three image elements.

[0091] The gradation of one of the pixels 58 is decided in
accordance with the voltage between the pair of electrodes
in the pixel 58, that is, the difference AV between the voltage
held by the counter portion 59 and the voltage held by the
pixel electrode 54. In this embodiment, it is assumed that the
higher the gradation of one of the pixels 58 is, the higher the
voltage AV between the pair of electrodes 54 and 59 in the
pixel 58 is. That is, it is assumed that the higher the gradation
of one of the pixels 58 is, the farther the voltage held by one
data line 52 connected to the pixel electrode 54 in the pixel
58 through the TFT 53 is away from the voltage held by the
common electrode 56.

[0092] The control circuit 44 converts the image data
supplied from the computer main unit 40 into a video signal
of a configuration that can be handled in the liquid crystal
display apparatus 41. In this embodiment, it is assumed that
the video signal is a so-called 6 bitsxRGB video signal. That
is, the video signal includes image element data for express-
ing the brightness, chroma and hue of each of a plurality of
image elements constituting the color image represented by
the image data. It is assumed that each image element data
includes three gradation components for deciding the gra-
dations of the three pixels, that is, the R component, the G
component and the B component. The gradation of each of
the pixels 58 is selected from among predetermined plural
levels of gradations that the pixels 58 can take. In this
embodiment, it is assumed that each of the gradation com-
ponents is 6-bit data and represents one of 64 levels of
gradations. The video signal is supplied from the control
circuit 44 to the level correction computing circuit 45 and to
the source driver 46.

[0093] The reference power source 49 outputs predeter-
mined first and second reference voltages Vref0 and Vref63.
One of the first and the second reference voltages Vref0 and
Vref63 may be of ground level. The level correction com-
puting circuit 45, briefly, generates a correction signal
associated with gradation voltage correction in accordance
with the video signal. To do this, the level correction
computing circuit 45 includes an adding circuit 61 and a
correction-controlling circuit 62.

[0094] Every time a single horizontal period 1H elapses,
the adding circuit 61 captures a data input portion used for
deciding the gradations of all the pixels within the horizontal
period (in the row on one of the scanning lines). The portion
includes gradation components the number of which is the
same as the number of all the pixels in one of the rows.
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Hereinafter, the portion will be referred to as “unit portion”.
The adding circuit 61 adds all the gradation components in
the captured unit portion at intervals of the horizontal period
1H. That is, the adding circuit 61 obtains the sum of the
numerical values corresponding to the gradations shown by
all the gradation components in the unit portion. The adding
circuit 61 supplies the correction-controlling circuit 62 with
at least a part of a bit string representative of the sum. In this
embodiment, the part is the highest eight digits of the bit
string representative of the sum. The correction-controlling
circuit 62 generates the correction signal based on the part
of the bit string representative of the sum, and supplies the
correction signal to the source driver 46.

[0095] In the description that follows, it is assumed that
when all the bits in the bit string representative of one given
gradation component are “17”, the gradation shown by the
gradation component is the maximum gradation of the 64
levels of gradations that the pixels can take and that when all
the bits in the bit string representative of one given gradation
component are “0”, the gradation shown by the gradation
component is the minimum gradation of the 64 levels of
gradations that the pixels can take. Moreover, it is assumed
that the numerical value corresponding to the maximum
gradation is “63” in decimal notation and that the numerical
value corresponding to the minimum gradation is “0” in
decimal notation. For example, when all the bits in the bit
string representative of the unit portion are 1, all of the
gradations shown by the gradation components in the unit
portion are the maximum gradation. In this case, as shown
by expression (1), the sum of all the gradation components
in the unit portion is “193536” in decimal notation and
“11111010000000000” in binary notation.

6 bits x RGB %1024 pixels = 63 x3x 1024 = 193536 (1)

[0096] The source driver 46 receives the correction signal
at intervals of the horizontal period 1H and corrects an
output voltage. The data signals become correction voltages
corresponding to the gradations shown by the gradation
components in the unit portion.

[0097] In response to a horizontal synchronizing signal,
the gate driver 47 generates scanning signals the number of
which is the same as the number of scanning lines 51, and
supplies the scanning signals to all the scanning lines 51 of
the liquid crystal panel 43. At intervals of the predetermined
display period, the scanning signals are held at a level for
turning on the TFTs 53, for example, high level during the
horizontal period 1H, and are held at a level for turning off
the TFT 53, for example, low level during the period other
than the horizontal period 1H. The frame display period is,
for example, an integral multiple of the horizontal period
1H. Consequently, there is continuity between one of the
data lines 52 and the pixel electrode 54 connected to the data
line 52 through the TFT 53 only when the TFT 53 is ON. The
common electrode is AC-driven at intervals of the horizontal
period 1H. The scanning signals and the voltage signals
applied to the common electrode 63 are the same as the
scanning signals and the voltage signals applied to the
common electrode described in the prior art with reference
to FIGS. 11 and 12. Consequently, there is continuity
between one of the data lines 52 and the pixel electrode 54
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connected to the data line 52 through the TFT 53 only when
the TFT 53 is ON, and a voltage in accordance with the
gradation of the pixel including the pixel electrode 54 is
written into the pixel while the TFT 53 is ON. The polarities
of the currents flowing through the pixels to write the
voltage are as described with reference to FIGS. 13A and
13B.

[0098] Consequently, the liquid crystal panel 43 is driven
by the use of the so-called line reversal driving method, and
voltages in accordance with the gradations of the pixels are
written into all the pixels in the liquid crystal panel 43, so
that the image represented by the image data supplied from
the computer main unit 40 is displayed on the liquid crystal
panel 43 as one frame. Thus, the driving portion 42 drives
the liquid crystal panel 43 by the use of the so-called line
reversal driving method. Therefore, the source and the gate
drivers 46 and 47 can be realized by the so-called low
withstand process. As a result, the product cost of the liquid
crystal display apparatus 41 is lower than the product cost of
the conventional liquid crystal display apparatus using the
so-called dot reversal driving method.

[0099] FIG. 4 is a block diagram showing the electric
stricture of the correction-controlling circuit 62. The correc-
tion-controlling circuit 62 includes D flip-flops 63(1) to
63(N) the number of which is the same as the number N of
bits constituting the part of the bit string representative of the
sum of all the gradation components in the unit portion. In
this embodiment, it is assumed that the number N of bits is
eight. A given integer not less than 1 and not more than N
is represented as “n”.

[0100] A plurality of bits D(0) to D(N-1) constituting the
part of the bit string representative of the sum are supplied
to the data input terminals D of the plurality of D flip-flops
63(1) to 63(N), respectively. A latch strobe signal LS from
the control circuit 44 is supplied to the clock input terminals
CK of all the D flip-flops 63(1) to 63(N). Consequently, the
D flip-flops 63(n) latch the bits D(n-1) in response to the
latch strobe signal LS, and when the latched bits D(n-1) are
“17, the voltages at the output terminals Q of the D flip-flops
63(n) are set at one voltage of predetermined two voltages
and when the latched bits D(n-1) are “0”, the voltages at the
output terminals Q are set at the other voltage of the two
voltages. In this embodiment, it is assumed that the one
voltage is of high level and the other voltage is of low level.

[0101] Consequently, in response to the latch strobe signal
LS, the levels of the output terminals Q of the D flip-flops
63(1) to 63(N), that is, the levels of components a(l) to
a(N) constituting the correction signal are decided based on
the bits D(0) to D(N-1) The components c(1) to a(N) are
supplied from the correction-controlling circuit 62 to the
source driver 46 in parallel. The correction signal is a set of
the components 1) to a(N). The components a(1) to c(N)
are binary signals. The number of components a(1) to a(N)
is the same as the number of D flip-flops 63(1) to 63(N), that
is, the number N of bits.

[0102] FIG. 5 is a block diagram showing the electric
structure of the source driver 46. The source driver 46
includes a video signal input portion 67, a voltage setting
portion 68 and an output circuit 69. The video signal input
portion 67 includes an input latch circuit 72, a shift register
73, a sampling memory 74 and a hold memory 75. The
voltage setting portion 68 includes a level-correcting circuit
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77, a gradation-voltage-generating circuit 78 and a D/A
converter 76. The input latch circuit 72, the shift register 73,
the sampling memory 74, the hold memory 75, the D/A
converter 76 and the output circuit 29 are the same as the
input latch circuit 2, the shift register 3, the sampling
memory 4, the hold memory 5, the D/A converter 6 and the
output circuit 8 in the source driver 1 of the conventional
liquid crystal display apparatus.

[0103] The image data in the video signal is supplied to the
input latch circuit 72 so that the three pixel components are
parallel to one another, and is latched. To the shift register
73, the clock signal CK and an input synchronizing signal
SPI for controlling the operation of the video signal input
portion 67 are supplied from the control circuit 44. The latch
strobe signal LS is supplied to the hold memory 75. The
correction signal is supplied to the level-correcting circuit
77. The first reference voltage Vref0 is supplied to the
level-correcting circuit 77, whereas the second reference
voltage Vref63 is supplied to the gradation-voltage-gener-
ating circuit 78. The number of cells in the shift register 73
is, for example, a third of the number of columns of the
pixels in the liquid crystal panel 43.

[0104] The video signal input portion 67 captures the unit
portion from the video signal in response to the latch strobe
signal LS. The timing where the video signal input portion
67 captures the unit portion of the video signal is the same
as the timing where the adding circuit 61 adds all the
gradation components in the unit portion. Therefore, the
adding circuit 61 and the video signal input portion 67
capture the same portion of the video signal within the single
horizontal period 1H.

[0105] Specifically, first, the shift register 73 captures the
start pulse SPI in synchronism with the clock signal CK, and
the captured start pulse SPI is the sampling timing of the
sampling memory 74. Based on the sampling timing sup-
plied from the shift register 73, the sampling memory 74
samples the video signal latched by the input latch circuit 72.
Consequently, the unit portion of the video signal is stored
in the sampling memory 74. Then, the unit portion of the
video signal is transferred from the sampling memory 74 to
the hold memory 75 at a time in synchronism with the latch
strobe signal LS. The hold memory 75 latches the trans-
ferred unit portion in the video signal and transfers the unit
portion to the D/A converter 76.

[0106] Then, based on the gradation components in the
unit portion of the video signal captured by the video signal
input portion 67, the voltage setting portion 68 decides the
voltages to be held by the data lines 52 in order to decide the
gradations of the pixels in one column corresponding to the
unit portion in the liquid crystal panel 43. The one column
corresponding to the unit portion is, of the all the pixel
columns in the liquid crystal panel 43, one column where the
gradations of the pixels are decided based on the gradation
components in the unit portion.

[0107] Specifically, first, the level-correcting circuit 77
corrects the reference voltage Vrefl based on the correction
signal. Then, based on the corrected gradation voltage
Vrefl), the gradation-voltage-generating circuit 78 generates
gradation voltages V0' to V63 the number of which is the
same as the number of a plurality of gradations that the
pixels 58 can take. The plurality of gradation voltages are
associated with one of the plurality of gradations that the
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pixels can take. In this embodiment, it is assumed that 64
levels of gradation voltages VO0' to V63 are generated and
that the higher the gradation voltages VO0' to V63 are, the
closer the associated gradations are to the maximum grada-
tion that the pixels can take. Then, based on the gradation
components in the unit portion of the video signal trans-
ferred from the hold memory 75, the D/A converter 76
selects, as the voltage to be applied to each of the data lines
52, one gradation voltage corresponding to each of the
gradations shown by the gradation components from among
the 64 levels of gradation voltages VO' to V63. The sclected
plurality of gradation voltages are transferred from the D/A
converter 76 to the output circuit 69.

[0108] Thus, the level-correcting circuit 77 corrects the
reference voltage Vref0)' in accordance with the correction
signal, that is, in accordance with the sum of all the
gradation voltages in the unit portion. Consequently, the
plurality of gradation voltages V' to V63 correspond to the
voltages obtained by correcting in accordance with the
correction signal a plurality of voltages corresponding to all
the gradations that the pixels can take in the conventional
liquid crystal display apparatus. That is, the plurality of
gradation voltages V0' to V63 correspond to the voltages
obtained by correcting in accordance with the correction
signal the 64 levels of voltages obtained by dividing the
range from the reference voltage Vref0 to the reference
voltage Vref63 into 64 levels. Therefore, the voltages
selected by the D/A converter 76, that is, the voltages to be
applied to the data lines 52 correspond to the voltages
obtained by correcting in accordance with the sum the
voltages corresponding to the gradations shown by the
gradation components in the conventional liquid crystal
display apparatus.

[0109] Therefore, only by adding the level-correcting cir-
cuit 77 to the conventional voltage setting portion, that is,
the voltage generating circuit 78 and the D/A converter 76,
the voltage setting portion 68 can correct the voltages
corresponding to the gradations shown by the gradation
components in the conventional liquid crystal display appa-
ratus in accordance with the sum. Consequently, the voltage
setting portion 68 can easily set the voltages to be applied in
accordance with the sum.

[0110] The output circuit 69 impedance-converts the plu-
rality of gradation voltages selected by the D/A converter,
that is, the plurality of voltages to be applied to the data lines
52, thereby generating a plurality of data signals. The data
signals are supplied from the output circuit 69 to the data
lines 52 of the liquid crystal panel 43 during the horizontal
period 1H.

[0111] FIG. 6 is a block diagram showing the concrete
electric structure of the level-correcting circuit 77 and the
gradation-voltage-generating circuit 78.

[0112] The level-correcting circuit 77 includes correction
resistors 81(1) to 81(N) the number of which is the same as
the number N of the components (1) to a(N) of the
correction signal, and analog switches ASW(1) to ASW(N)
the number of which is the same as the number of correction
resistors 81(1) to 81(N). The correction resistors 81(1) to
81(N) are connected in series in this order. The first correc-
tion resistor 81(1) has one terminal thereof connected as an
input terminal 82 of the level-correcting circuit 77 to the first
output terminal of a plurality of terminals of the reference
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power source 49 for outputting the first reference voltage
Vref0, and has the other terminal thereof connected to the
second correction resistor 81(2). The last correction resistor
81(N) has one terminal thereof connected to the correction
resistor 81(N-1) immediately preceding the last resistor, and
has the other terminal thereof connected to a terminal of the
gradation-voltage-generating circuit 78 as an output termi-
nal 83 of the level-correcting circuit 77. The analog switches
ASW(1) to ASW(N) are connected to the correction resistors
81(1) to 81(N) in parallel. That is, the two terminals of the
analog switches ASW(1) to ASW(N) are connected across
the correction resistors 81(1) to 81(N).

[0113] The analog switches ASW(1) to ASW(N) are
opened and closed in response to the levels of the first to the
N-th components (1) to (N) of the correction signal. When
the level of a component a(n) is the level of a case in which
the bit D(n) of the correction signal is “1”, an analog switch
ASW(n) corresponding to the component a(n) is closed, and
when the level is the level of a case in which the bit D(n) is
“0”, the analog switch ASW(n) is opened. That is, when the
level of the component ci(n) is the level of the case in which
the bit D(n) is “1”, the terminals of a correction resistor
81(n) connected to the analog switch ASW(n) in parallel are
short-circuited.

[0114] The resistance value of one given correction resis-
tor 81(n) is higher than the sum of the resistance values of
all the resistors 81(n+1) to 81(IN) that succeed the correction
resistor 81(n). Therefore, when the number N of bits is 8, the
resistance values aR, bR, cR, dR, eR, fR, gR and hR of the
correction resistors 81(1) to 81(8) satisfy the relationships of
expressions (2) to (8) shown below. “R” is a predetermined
resistance value. Coefficients “a” to “h” are decided based
on at least one of the resistance value and the capacity value
of the data line 52.

gR>hR 2
fR>gR+hR 3
eR>fR+gR+hR c)
dR>eR+fR+gR+hR )
cR>dR+eR+fR+gR+hR (6)
bR>cR+dR+eR+fR+gR+IR 7)
aR>bR+cR+dR+eR+fR+gR+hR (8)

[0115] The overall resistance value of the level-correcting
circuit 77 depends on the combination of opening and
closing of the analog switches ASW(1) to ASW(N). The
combination of opening and closing corresponds to the
combination of the levels of the components a(1) to a(N),
that is, the part of the bit string representative of the sum of
all the gradation components in the unit portion. When the
resistance values of the correction resistors 81(1) to 81(N)
satisfy the relationships of the expressions, the higher the
digit, in the part of the bit string, of the bit for deciding the
level of the component cy(n) supplied to the analog switch
ASW(n) connected to the correction resistor 81(n) in parallel
is, the higher the resistance value of the resistor 81(n) is.
Therefore, the higher the numerical value represented by the
part of the bit string is, the higher the overall resistance value
of the level-correcting circuit 77 is. Consequently, the higher
the numerical value represented by the part of the bit string
is, that is, the larger the sum is, the smaller the drop amount
of the first reference voltage Vref0 is.
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[0116] The gradation-voltage-generating circuit 78
includes, for example, voltage dividing resistors 86(1) to
86(K) the number of which is smaller by one than the
number of the gradation voltages. The voltage dividing
resistors 86(1) to 86(K) are all connected in series in this
order. The first voltage driving resistor 86(1) has one ter-
minal thereof connected to the output terminal 83 of the
level-correcting circuit 77 as a first input terminal of the
gradation-voltage-generating circuit 78, and has the other
terminal thereof connected to the second voltage dividing
resistor 86(2). The last voltage dividing resistor 86(K) has
one terminal thereof connected to the voltage dividing
resistor 86(K-1) immediately preceding the last resistor, and
has the other terminal thereof connected to a second output
terminal of a plurality of terminals of the reference power
source 49 for outputting the second reference voltage
Vref63. To a connection point 87(0) between the one ter-
minal of the first voltage dividing resistor 86(1) and the
output terminal 83 of the level-correcting circuit 77, to
connection points 87(1) to 87 (K-1) between the voltage
dividing resistors 86(1) to 86(K) and to a connection point
87(K) between the last voltage dividing resistor 86(K) and
the second output terminal of the reference power source 49,
voltage obtaining conductors 89(0) to 89(K) for obtaining
the voltages at the contact points 87(0) to 87(K) as the
gradation voltages V0' and V63 are connected.

[0117] Therefore, the gradation-voltage-generating circuit
78 divides the difference between the second reference
voltage Vref63 and the voltage level of the output terminal
83 of the level-correcting circuit 77, that is, the corrected
first reference voltage Vref0' into the number the same as the
number of gradations that the pixels can take. In this
embodiment, the first gradation voltage V' of the 64 levels
of gradation voltages V' to V63 equals the corrected first
reference voltage Vref()', whereas the last gradation voltage
V63 of the 64 levels of gradation voltages VO to V63 equals
the second reference voltage Vref63.

[0118] The gradation-voltage-generating circuit 78 is not
limited to the above-described structure but may have a
different structure as long as the range from the corrected
first reference voltage Vref0' to the second reference voltage
Vref63 can be divided into the number the same as the
number of gradations that the pixels can take. For example,
a structure may be used in which first resistors the number
of which is smaller than the number of gradation voltages
are interposed between the output terminal 83 of the level-
correcting circuit 77 and the second output terminal of the
reference power source 49, a plurality of second resistors
connected in series are connected across the resistors in
parallel, and the voltage difference AVref divided into a
plurality of numbers by the first resistors is further divided
by the second resistors.

[0119] Thus, the basic structure of the level-correcting
circuit 77 comprises resistors and analog switches, and the
basic structure of the gradation-voltage-generating circuit 78
comprises resistors. Consequently, the basic structures of the
level-correcting circuit 77 and the gradation-voltage-gener-
ating circuit 78 are extremely simple. As a result, the circuit
scale of the voltage setting portion 68 is prevented from
increasing, and increase in the manufacturing cost of the
liquid crystal display apparatus 41 is curbed.

[0120] It is preferable that at least the level-correcting
circuit 77 and the gradation-voltage-generating circuit 78 be
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formed within a single integrated circuit. This is because
variations in characteristics of the parts in the voltage setting
portion 68 due to the manufacturing process of the inte-
grated circuit are curbed more when the level-correcting
circuit 77 and the gradation-voltage-generating circuit 78 are
formed in one integrated circuit than when the level-cor-
recting circuit 77 and the gradation-voltage-generating cir-
cuit 78 are formed in two different integrated circuits. The
characteristics of the parts are, for example, the resistance
values of the resistors. Moreover, since the number of
integrated circuits in the liquid crystal display apparatus 41
is smaller when the circuits 77 and 78 are formed in one
integrated circuit than when the circuits 77 and 78 are
formed in two integrated circuits, the part cost of the liquid
crystal display apparatus 41 is reduced and the assembly of
the liquid crystal display apparatus 41 is facilitated. In the
liquid crystal display apparatus 41 of this embodiment, the
level-correcting circuit 77 and the gradation-voltage-gener-
ating circuit 78 together with the other parts 72 to 76 and 68
of the source driver constitute one integrated circuit.

[0121] Of the liquid crystal panel driving methods of the
driving portion 42, the behavior for causing the data lines 52
to hold voltages in accordance with the gradations of the
pixels will hereinafter be described with reference to FIGS.
1 to 6. In parallel with the behavior, the gate driver 47
controls the TFTs 53 through the gate lines and the common
electrode 63 is AC-driven. The behaviors of the gate driver
47 and the common electrode 63 are the same as the
behaviors of the gate driver and the common electrode of the
conventional liquid crystal display apparatus.

[0122] For example, as a first example, a case is assumed
in which the part of the video signal sampled by the
sampling memory 76, that is, all the gradation components
in the unit portion of the video signal represent the maxi-
mum gradation that the pixels can take. In this case, the
voltages between the pairs of electrodes 54 and 59 in all the
pixels in the column corresponding to the unit portion in the
liquid crystal panel 43 are the highest of the voltages that can
be held between the pair of electrodes 54 and 59. In this case,
the result of addition by the adding circuit 61, that is, the bit
string representative of the sum of all the gradation compo-
nents is “11111010000000000™.

[0123] In response to the latch strobe signal LS, the
correction-controlling circuit 62 captures the highest order
eight bits of the addition result, that is, “11111010” and
decides the levels of the components a(l) to a(N) of the
correction signal. In the first example, the first to the fifth
and the seventh components .l to a5 and o7 are of high
level, whereas the sixth and the eighth components a6 and
a8 are of low level. Consequently, the first to the fifth and
the seventh analog switches ASW1 to ASWS and ASW7 are
closed and the sixth and the eighth analog switches ASW 6
and ASW8 are opened. Therefore, the equivalent circuit of
the level-correcting circuit 77 is a circuit in which the sixth
and the eighth correction resistors R6 and R8 are connected
in series.

[0124] As a second example, a case is assumed in which
all the gradation components in the unit portion of the video
signal show the minimum gradation that the pixels can take.
In this case, the bit string representative of the sum of all the
gradation components is “00000000000000000”. In
response to the latch strobe signal LS, the correction-
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controlling circuit 62 captures the highest order eight bits of
the addition result, that is, “00000000” and decides the
levels of the components a(l) to a(N) of the correction
signal. In the second embodiment, since the captured bits are
all 0, the levels of the components al to a8 are all low.
Consequently, the analog switches ASW1 to ASWS8 are all
opened. Therefore, the equivalent circuit of the level-cor-
recting circuit 77 is a circuit in which the correction resistors
R1 to R8 are all connected in series.

[0125] Comparing the first example and the second
example, the sum of the resistance values of the resistors
interposed between the first output terminal of the reference
power source 49 and the gradation-voltage-generating cir-
cuit 78, that is, the overall resistance value of the level-
correcting circuit 77 in the second example is higher than the
overall resistance value of the level-correcting circuit 77 in
the first example. Therefore, the drop amount of the first
reference voltage Vref¢ in the second example is larger than
the drop amount of the first reference voltage Vref¢ in the
first example. From the above, the greater the number of
maximum gradations included in the gradations shown by
all the gradation components in the unit portion is, the more
the level-correcting circuit 77 decreases the drop amount of
the first reference voltage Vref0. That is, the closer the
voltages between the pair of electrodes in the pixels in the
column corresponding to the unit portion in the liquid crystal
panel 43 are to the maximum voltage that can be held
between the pair of electrodes 54 and 59, the smaller the
corrected reference voltage difference is. This is for the
following reason:

[0126] In the liquid crystal panel 43 driven by the line
reversal driving method, the voltage held by the common
electrode 56 drops due to the voltages of all the data signals
supplied to the liquid crystal panel 43 during one horizontal
period. Therefore, due to the voltage drop, the voltage
actually held by the common electrode 56 is closer to the
voltages of the data signals than to the ideal voltage to be
held by the common electrode 56. The smaller the voltages
of all the data signals are, the larger the difference between
the voltage actually held by the common electrode 56 and
the ideal voltage is. The closer the voltage between the pair
of electrodes 54 and 59 in the pixel 58 to which the voltage
corresponding to the gradation is written by a single data
signal is to the maximum voltage of the plurality of levels of
voltages that can be held between the pair of electrodes 54
and 59, the lower the voltage of the data signal is. In this
embodiment, the closer the gradation of the pixel is to the
maximum gradation, the closer the voltage held between the
pair of electrodes 54 and 59 of the pixel 58 is to the
maximum voltage. Therefore, the greater the number of
maximum gradations included in the gradations shown by
all the gradation components in the unit portion is, the larger
the difference is.

[0127] Consequently, the greater the number of data sig-
nals, among all the data signals, the voltages of which are the
maximum voltage is, the more the drop amount of the first
reference voltage Vref0 is reduced, and the greater the
number of data signals, among all the data signals, the
voltages of which are the minimum voltage is, the drop
amount of the first reference voltage Vref0 is increased. That
is, in this embodiment, the greater the number of maximum
gradations included in the gradations shown by all the
gradation components in the unit portion is, the more the
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drop amount of the first reference voltage Vref0 is curbed.
Consequently, the greater the number of data signals, among
all the data signals, the voltages of which are the maximum
voltage is, the lower the corrected first reference voltage
Vref0' is. When the gradation voltages V0' to V63 arc
generated by the use of the first reference voltage Vref0' thus
corrected, the gradation voltages V0' to V63 are the same as
the voltages obtained by correcting in accordance with the
magnitude of the difference the voltage obtained by dividing
the range between the two reference voltages Vref0 and
Vref63 into 64 levels. That is, the voltages of the data signals
are corrected in accordance with the magnitude of the
difference.

[0128] Consequently, the nonuniformity in brightness
among a plurality of columns in the image displayed on the
liquid crystal panel 43 is eliminated and the quality of the
image displayed on the liquid crystal panel 43 is prevented
from being degraded due to the generation of so-called
shadowing. From these, in the liquid crystal display appa-
ratus 41 of this embodiment, the liquid crystal panel 43 can
be made better in display quality than the conventional
liquid crystal display apparatus using the line reversal driv-
ing method, and the driving portion 42 can be made in lower
cost than the structure for driving the liquid crystal panel of
the conventional liquid crystal display apparatus using the
dot reversal driving method. In addition, in the liquid crystal
display apparatus 41 of this embodiment, the display quality
reduction due to increase in the size of the liquid crystal
panel 43 can be prevented and the display quality reduction
due to increase in the number of pixels in the liquid crystal
panel 43 can be prevented.

[0129] The first reference voltage Vref0 may be corrected
based on a numerical value other than the sum of the
gradations shown by all the gradation components in the unit
portion of the video signal as long as it is a numerical value
representing how close the voltages between the pair of
electrodes 54 and 59 in the pixels 58 in the column corre-
sponding to the unit portion of the video signal are to the
maximum voltage that can be held between the pair of
electrodes 54 and 59. For example, the numerical value
other than the sum may be the result of a division in which
the sum of the gradations is divided by a predetermined
constant, or may be the average of the gradations shown by
all the gradation components in the unit portion. When the
sum is used for the correction of the first reference voltage
Vref0, the computing portion for obtaining the numerical
value, that is, the adding circuit 61 can be realized by a
typical adding circuit. Therefore, it is preferable to use the
sum for the correction of the first reference voltage Vrefl
because the structure of the computing portion is simplified
and the computing operation for obtaining the numerical
value is facilitated.

[0130] The correction-controlling circuit 62 of the liquid
crystal display apparatus 41 of this embodiment generates
the correction signal by the use of only the highest eight
digits of the bit string representative of the result of the
computing operation by the adding circuit 61. The part of the
bit string used for the generation of the correction signal is
not limited to the highest eight digits but may be a different
part. The number of bits of the part is not limited to eight but
may be a different number. Which part of the bit string is
used for the generation of the correction signal is decided,
for example, according to display characteristics of the
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liquid crystal panel 63. For example, of the bit string, the
eight odd-numbered bits counted from the first bit may be set
as the part. Moreover, for example, of the bit string, the eight
even-numbered bits counted from the first bit may be set as
the part.

[0131] Thus, when only a part of the bit string is used for
the generation of the correction signal, the number of
components of the correction signal is smaller than the
number of bits of the bit string. Therefore, the number of
input terminals of the source driver 46 for inputting the
correction signal can be made smaller than the number of
input terminals for inputting the bit string when the bit string
is directly supplied to the source driver 46, and the circuit
scale of the driving portion 42 when the correction signal is
supplied to the source driver 46 can be made smaller than the
circuit scale of the driving portion when the bit string is
directly supplied to the source driver 46. When the first
reference voltage Vref0 is corrected by the use of only a part
of the bit string, the closer the number of bits of the part is
to the number of all the bits of the bit string, the higher the
correction accuracy of the corrected first reference voltage
Vrefl is.

[0132] Further, the correction-controlling circuit 62 may
produce a bit string including fewer bits than the bit string
representative of the sum by performing a predetermined
computing operation on all the bits of the bit string repre-
sentative of the sum obtained by the adding circuit 61 and
gencrate the correction signal by the use of the produced bit
string. To do so, for example, a bit computing circuit 100
shown in FIG. 7 is interposed between the adding circuit 61
and the correction-controlling circuit 62. The bit computing
circuit 100 includes OR circuits 101(1) to 101(J) the number
J of which is smaller than the number of bits of the bit string
representative of the sum. The OR circuits 101(1) to 101(J)
are all arranged in parallel. In FIG. 7, it is assumed that the
number J of OR circuits is eight.

[0133] To the OR circuits 101(1) to 101(J), a plurality of
continuous bits in the bit string representative of the sum are
inputted to obtain the logical product of the plurality of bits.
For example, in the example of FIG. 7, to the first OR circuit
101(1), the seventeenth and the sixteenth bits al7 and 16
counted from the first bit of the bit string representative of
the sum are inputted. To the second OR circuit 101(2), the
fifteenth and the fourteenth bits al5 and 14 counted from the
first bit of the bit string representative of the sum are
inputted. To the seventh OR circuit 101(7), the fifth and the
fourth bits a5 and a4 counted from the first bits of the bit
string representative of the sum are inputted. To the eighth
OR circuit 101(8), the third to the first bits a3 to al counted
from the first bit of the bit string representative of the sum
are inputted.

[0134] Consequently, a number, J, of logical products are
obtained. In the example of FIG. 7, the following logical
products are obtained: the logical product of the seventeenth
and the sixteenth bits al7 and al6; the logical product of the
fifteenth and the fourteenth bits al5 and 14; . . . ; the logical
product of the fifth and the fourth bits a8 and a4; and the
logical product of the third to the first bits a3 to al. Instead
of the bits of the part of the bit string representative of the
sum, the number, J, of the logical products are inputted to the
data input terminals D of the D flip-flops 63(1) to (N) of the
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correction-controlling circuit 62. In this case, the number, I,
of the logical products and the number, N, of the D flip-flop
are the same.

[0135] In the liquid crystal display apparatus 41 of this
embodiment, the correction signal is supplied to the source
driver 46# as it is. In this case, since the eight components
of the correction signal is supplied to the source driver 46 in
parallel, the source driver of this embodiment has eight more
input terminals than the source driver of the conventional
liquid crystal display apparatus. In order to reduce the
number of input terminals for inputting the correction signal,
a so-called 8 to 3 decode circuit and a so-called 3 to 8 decode
circuit may be interposed between the correction-controlling
circuit 61 and the source driver 46 and between the input
terminal and the level-correcting circuit 77 in the source
driver 46, respectively.

[0136] Consequently, first, the correction signal is sup-
plied to the source driver 46 after the eight components are
converted into three sets of electric signals by the 8 to 3
decode circuit. Then, the three sets of electric signals are
supplied to the level-correcting circuit 77 after decoded into
the eight components by the 3 to 8 decode circuit. Therefore,
the number of input terminals of the source driver 46 for
inputting the correction signal can be reduced from eight to
three. The two circuits for performing the conversion and the
decoding are not limited to the 8 to 3 decode circuit and the
3 to 8 decode circuit but may be different circuits as long as
the circuits are a converting circuit for converting the eight
components into less than eight electric signals and a
reconstituting circuit capable of reconstituting the eight
components from the electric signals without any error.

[0137] The correction-controlling circuit 62 may generate
the correction signal by the use of all the bits of the bit string
representative of the sum obtained by the adding circuit 61.
To do so, the correction-controlling circuit 62 and the
level-correcting circuit 77 are replaced by a correction-
controlling circuit 106 of FIG. 8 and a level-correcting
circuit 107 of FIG. 9. The correction-controlling circuit 106
of FIG. 8 is the same as the correction-controlling circuit 62
of FIG. 4 except that the number N of D flip-flops 63(1) to
63(N) is the same as the number M of all the bits of the bit
string and that the bits to be processed are changed from the
bits constituting a part of the bit string to all the bits of the
bit string. In this embodiment, it is assumed that the number
M of all the bits is 17. Therefore, the correction signal
comprises the components a(l) to (M) the number of
which is the same as the number M of all the bits, and the
components o1) to a(M) are supplied to the source driver
46 in parallel. The level-correcting circuit 107 of FIG. 9 is
the same as the level-correcting circuit 77 of FIG. 6 except
that the number of the correction resistors 81(1) to 81(N) and
the number of analog switches ASW(1) to ASW(N) are the
same as the number of components a(l) to (M) of the
correction signal, that is, the number M of all the bits.

[0138] Like the level-correcting circuit 77 of FIG. 6, the
resistance value of one correction resistor 18(m) of the
seventeen correction resistors 81(1) to 81(M) in the level-
correcting circuit 107 is higher than the sum of the resistance
values of all the resistors 81(m+1) to 81(M) that succeed the
one resistor 81(i). “m” is an integer not less than 1 and not
more than M. That is, the resistance values aR, bR, cR, dR,
eR, fR, gR, hR, iR, jR, kR, IR, mR, nR, oR, pR and gR of
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the correction resistors 81(1) to 81(17) satisfy the relation-
ships of the following expressions (9) to (15):

PR>qR ©
OoR>pR+gR (10)
nR>oR+pR+gR 1)
MR>NR+oR+pR+qR 12)
IR>mR+nR+oR+pR+qR 13)
kR>[R+mR+nR+oR+pR+qR (14)
aR>bR+cR+dR+eR+fR+gR+AR+IR+/R+KkR+IR+mR+

nR+oR+pR+qR 15)

[0139] Thus, the liquid crystal display apparatus to which
the bit string computing circuit 100 of FIG. 7 is added and
the liquid crystal display apparatus using the correction-
controlling circuit and the level-correcting circuit of FIGS.
8 and 9 are capable of correcting the first reference voltage
Vrefl for the correction of the gradation voltages by the use
of all the bits of the bit string representative of the sum.
Consequently, the correction accuracy of the plurality of
gradation voltages is the highest. As a result, a best-display-
quality liquid crystal display apparatus can be attained.

[0140] The relationship between the voltages of the data
signals and the gradations of the pixels 58 may be opposite
to that of the description given above. That is, the gradations
of the pixels 58 into which the voltages corresponding to the
gradations are written by the data signals may be closer to
the minimum gradation as the voltages of the data signals
become closer to the maximum voltage that the pixels 58 can
take. In this case, the greater the number of minimum
gradations included in the gradations shown by all the
gradation components in the unit portion is, that is, the
greater the number of data signals, among the plurality of
data signals decided by the gradation components in the unit
portion, the voltages of which are the maximum voltage is,
the more the drop amount of the first reference voltage Vref0
is necessarily reduced. Therefore, by decreasing the overall
resistance value of the level-correcting circuit 77 as the sum
of the numerical values corresponding to the gradations
shown by all the gradation components in the unit portion
decreases, the difference of the voltage of the common
electrode 56 can be corrected. That is, the pixels voltages
V0' to V63 are made closer to the first reference voltage
Vref( as the sum of the voltages of all the data signals
decided by the plurality of gradation components in the unit
portion increases.

[0141] The liquid crystal display apparatus 41 of this
embodiment is an example of the liquid crystal display
apparatus of the invention and the method of driving a liquid
crystal panel of the invention and can be practiced in various
other forms as long as the principal operations are the same.
Particularly, the detailed operations of the parts in the liquid
crystal display apparatus 41 are not limited to the ones
shown above but may be realized by different operations as
long as the same processing results are obtained.

[0142] The invention may be embodied in other specific
forms without departing from the spirit or essential charac-
teristics thereof. The present embodiments are therefore to
be considered in all respects as illustrative and not restric-
tive, the scope of the invention being indicated by the
appended claims rather than by the foregoing description
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and all changes which come within the meaning and the
range of equivalency of the claims are therefore intended to
be embraced therein.

What is claimed is:

1. A method of driving a liquid crystal panel which is
constituted of a plurality of pixels arranged in a matrix form,
the plurality of pixels each being composed of a pair of
electrodes and liquid crystal sandwiched therebetween, and
being divided into a plurality of pixel groups each composed
of plural pixels,

the method comprising:

performing a predetermined computing operation at
intervals of a predetermined horizontal period by the
use of gradation data representative of gradations of
pixels of one of the pixel groups;

correcting a voltage decided on the basis of gradation
data of each pixel of the one pixel group, on the basis
of a result of the computing operation, to obtain a
corrected voltage thereof; and

applying the corrected voltage between a pair of elec-
trodes of each pixel of the one of the pixel groups
during the horizontal period.

2. The method of driving a liquid crystal panel of claim 1,
wherein the computing operation is an operation of adding
the gradation data.

3. A liquid crystal display apparatus comprising:

a liquid crystal panel constituted of a plurality of pixels
arranged in a matrix form, the plurality of pixels each
being composed of a pair of electrodes and liquid
crystal sandwiched therebetween, and being divided
into a plurality of pixel groups each composed of plural
pixels,

computing means for performing a predetermined com-
puting operation at intervals of a predetermined hori-
zontal period by the use of gradation data representa-
tive of gradations of pixels of one of the pixel groups;

correction voltage setting means for correcting a voltage
decided on the basis of gradation data of each pixel of
the one pixel group, on the basis of a result of the
computing operation, to obtain a corrected voltage
thereof; and

voltage applying means for applying the corrected voltage
between a pair of electrodes of each pixel of the one of
the pixel groups during the horizontal period.

4. The liquid crystal display apparatus of claim 3, wherein
the computing operation is an operation of adding the
gradation data.

5. The liquid crystal display apparatus of claim 3, further
comprising:

correction signal generating means for generating a cor-
rection signal associated with correction of the voltage
on the basis of the result of the computing operation
and supplying the correction signal to the correction
voltage setting means in synchronism with the hori-
zontal period,

wherein the correction voltage setting means obtains the
correction voltage on the basis of the gradation data and
the correction signal every time the correction signal is
supplied.
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6. The liquid crystal display apparatus of claim 5, wherein
the computing means outputs a bit string representative of
the result of the computing operation and that the correction
signal generating means generates the correction signal on
the basis of a part of bits of the bit string.

7. The liquid crystal display apparatus of claim 5, wherein
the computing means outputs a bit string representative of
the result of the computing operation and that the correction
signal generating means generates the correction signal on
the basis of all the bits of the bit string.

8. The liquid crystal display apparatus of claim 3, further
comprising:

a reference power source for generating a predetermined
reference voltage,

wherein the correction voltage setting means comprises:

reference voltage correcting means for correcting the
reference voltage on the basis of the result of the
computing operation;

voltage dividing means for dividing the corrected ref-
erence voltage to obtain a plurality of divisional
voltages in accordance with all the gradations that
the pixels can take; and

selecting means for selecting from among the plurality
of divisional voltages a plurality of divisional volt-
ages in accordance with the gradation represented by
each gradation data as the correction voltages.

9. The liquid crystal display apparatus of claim 8, wherein
the reference voltage correcting means and the voltage
dividing means are formed in a single integrated circuit.

10. A liquid crystal display apparatus comprising:

a liquid crystal panel constituted of a plurality of pixels
arranged in a matrix form, the plurality of pixels each
being composed of a pair of electrodes and liquid
crystal sandwiched therebetween, and being divided
into a plurality of pixel groups each composed of plural
pixels,

first voltage holding means for causing one of the pair of
the electrodes of each of all the pixels to hold a first
voltage that is changed at intervals of a predetermined
horizontal period;

computing means for performing a predetermined com-
puting operation at intervals of a predetermined hori-
zontal period by the use of gradation data representa-
tive of gradations of pixels of one of the pixel groups;

second voltage setting means for obtaining at intervals of
the horizontal period a second voltage by correcting on
the basis of a result of the computing operation by the
computing means a voltage decided on the basis of the
gradation data and the first voltage; and

second voltage holding means for causing the other one of
the pair of electrodes of each of all the pixels in one of
the pixel groups to hold the second voltage during the
horizontal period.
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