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(57) ABSTRACT

A liquid crystal display device is provided which is capable
of reducing flicker over all areas of a liquid crystal panel. A
common voltage having a predetermined level is fed to the
liquid crystal panel and a reference voltage is fed from a
digital-analog converter to a liquid crystal driving circuit
and an image corresponding to a pixel data signal is dis-
played. The pixel data signal is reversed relative to a

(22) Filed: Jun. 11, 2003 reference voltage for every one horizontal period. The
. L .. reference voltage having been adjusted so as to be higher in
(30) Foreign Application Priority Data side portions rather than central portions in the liquid crystal
Jun. 12,2002 (JP) 172039/2002 panel is applied to the liquid crystal driving circuit. As a
T T N Smmmmmmmmmmmmmmmm—m——— result, even if a common voltage is not made uniform
Publication Classification through entire portions of a common electrode, adjustment
can be achieved so that flicker is minimized over all areas in

(51)  Int. CL7 oo G09G 3/36 the liquid crystal panel.
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FIG. 12 (PRIOR ART)
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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD FOR DRIVING THE SAME

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a liquid crystal
display device and to a method for driving the same and
more particularly to the liquid crystal display device and the
method the same that can be suitably used in a device such
as a liquid crystal projector in which a screen of high quality
with flicker being reduced is required.

[0003] The present application claims priority of Japanese
Patent Application No. 2002-172039 filed on Jun. 12, 2002,
which is hereby incorporated by reference.

[0004] 2. Description of the Related Art

[0005] A conventional liquid crystal display device, in
order to prevent deterioration of a liquid crystal material, is
driven with an alternating current so that a polarity of a
voltage to be applied to the liquid crystal material is alter-
nately reversed at predetermined time intervals.

[0006] The conventional liquid crystal display device of
this type, as shown in FIG. 11 for example, includes a liquid
crystal panel 10, a liquid crystal driving circuit 20, and a
common voltage generating circuit 30. The liquid crystal
panel 10, as shown in FIG. 12, has a plurality of signal lines
X,, X5, ..., X, to which a corresponding pixel data signal
D is fed, a plurality of scanning lines Y;, Y,, .. ., Y, to
which a scanning signal V is fed, a plurality of MOSFETs
(Metal Oxide Semiconductor Effect Field Transistors) 11;;
(i=1,2,...,n;j=1,2,. .., m) each being placed at a point
of intersection of each of the signal lines X, X,, ..., X and
each of the scanning lines Y, Yo, . . ., Y,, pixels (picture
elements) 12; (i=1,2,...,n;j=1,2, ..., m), capacitors 13;
(=1,2,...,n;j=1,2,...,m), “Cs” line being commonly
connected to each of the capacitors 13;;, and a common
electrode 14 being connected commonly to each of the
pixels 12;; and to which a common voltage Vcom (FIG. 11)
is applied, in which an image is displayed by a pixel data
signal D fed to the pixels 12;; on the scanning lines Y,, Y,
..., Y, to be selected by the scanning signal V.

[0007] The liquid driving circuit 20 reverses a polarity of
a pixel data signal D corresponding to a video signal “in”
relative to a reference voltage Vf for every one horizontal
period and feeds the reversed signal to each of the signal
lines X,, X,, . .., X, in the liquid crystal panel 10 and, at
a same time, feeds the scanning signal V in predetermined
order to each of the scanning lines Y,, Y,, . . ., Y, The
common voltage generating circuit 30 generates the com-
mon voltage Vcom.

[0008] In the conventional liquid crystal display device, as
shown in FIG. 13, to the liquid crystal panel 10 is applied
the common voltage Vcom having a predetermined voltage
level and to the liquid crystal driving circuit 20 is applied the
reference voltage Vf having a predetermined voltage level
and an image corresponding to the pixel data signal D is
displayed. The pixel data signal D is reversed relative to the
reference voltage VT for every one horizontal period. More-
over, the common voltage Vcom is adjusted so that flicker
occurring due to the reversal of the pixel data signal D can
be minimized.
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[0009] However, the conventional liquid crystal device as
described above has following problems. That is, in the
conventional technology, in order to minimize flicker, only
the common voltage Vcom is calibrated. However, since the
common electrode 14 is placed over all areas of the liquid
crystal panel 10, due to a voltage drop caused by a resistor
component of the common electrode 14, in many cases, the
common voltage Vecom is not made uniform over all areas
in the liquid crystal panel 10. For this reason, the common
voltage Vcom to be used to minimize flicker varies in the
liquid crystal panel 10 and, as a result, it is impossible, in
some cases, to successfully perform calibration to minimize
flicker over all areas of the liquid crystal panel 10. For
example, since the common voltage Vcom to be used when
flicker occurring in side regions in the liquid crystal panel 10
is minimized is made different from the common voltage
Vcom to be used when flicker occurring in regions in a
vicinity of a center of the liquid crystal panel 10 is mini-
mized, a phenomenon occurs in which the common voltage
Vcom to be used when flicker is minimized over all areas of
the liquid crystal panel 10 can not be successfully calibrated.
Therefore, a problem arises that display image quality is
degraded.

[0010] To solve this problem, a liquid crystal device is
disclosed in Japanese Patent Application Laid-open No.
2000-305063. The disclosed liquid crystal device is so
constructed that a common voltage can be fed from each of
the right and left sides in order to enable optimum calibra-
tion of flicker at both right and left sides within a face of a
liquid crystal panel. It is expected by using this configuration
that an optimum common voltage is applied at both the left
and right sides of the liquid crystal panel and flicker occur-
ring within the face of the liquid crystal panel is made almost
uniform; however, to achieve such the effect, it is necessary
to construct the liquid crystal panel so as to have special
configurations, which are not readily achieved. Moreover,
since a required optimum common voltage is different
between portions on both sides of the liquid crystal panel
and its central portions, it is difficult to successfully reduce
flicker within the face of the liquid crystal panel. When the
liquid crystal panel is increased in size in particular, such a
tendency becomes remarkable.

SUMMARY OF THE INVENTION

[0011] In view of the above, it is an object of the present
invention to provide a liquid crystal display device which is
capable of reducing flicker over all areas of a liquid crystal
panel and a method for driving the liquid crystal device.

[0012] According to a first aspect of the present invention,
there is provided a liquid crystal display device including:

[0013] 1. A liquid crystal display device including:

[0014] a liquid crystal panel having a first sub-
strate, a second substrate, a liquid crystal layer
sandwiched between the first substrate and the
second substrate, a plurality of signal lines being
formed on the first substrate and to which corre-
sponding pixel data signals are fed, a plurality of
scanning lines, being formed on the second sub-
strate orthogonally to the plurality of signal lines
and to which a scanning signal is fed, a plurality
of pixels each being placed at a point of intersec-
tion of each of the signal lines and each of the
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scanning lines, and one piece of a common elec-
trode being commonly connected to each of the
pixels and to which a common voltage is applied,

[0015] a liquid crystal driving circuit to reverse a
polarity of the pixel data signal corresponding to
a video signal relative to a reference voltage for
every one horizontal period or for every one
vertical period and to apply the reversed pixel data
signal to each of the signal lines and to feed the
scanning signal to each of the scanning lines in
predetermined order;

0016 a common voltage generating circuit to
£¢ g g
generate the common voltage;

[0017] a reference voltage generating circuit to
generate the reference voltage so as to have an
optimum voltage level that corresponds to a posi-
tion of each of the pixels in the liquid crystal panel
and to feed the generated reference voltage to the
liquid crystal driving circuit; and

[0018] wherein the common voltage generating
circuit produces the common voltage as a direct
current voltage having a predetermined level and
feeds the produced common voltage to the com-
mon electrode in the liquid crystal panel.

[0019] In the foregoing first aspect, a preferable mode is
one wherein the reference voltage generating circuit is so
constructed as to change the reference voltage for every
plurality of the pixels during one horizontal period of the
video signal.

[0020] Also, a preferable mode is one wherein the refer-
ence voltage generating circuit is so constructed as to change
the reference voltage for every plurality of the pixels during
one vertical period of the video signal.

[0021] Also, a preferable mode is one wherein the refer-
ence voltage generating circuit is so configured as to gen-
erate the reference voltage such that a higher reference
voltage may be applied to the pixels placed in side portions
rather than the pixels placed in central portions in the liquid
crystal panel.

[0022] Also, a preferable mode is one wherein the refer-
ence voltage generating circuit is so constructed as to have
a look-up-table (LUT) in which a value of the reference
voltage corresponding to each of the pixels is stored and as
to generate the reference voltage based on the look-up-table.

[0023] According to a second aspect of the present inven-
tion, there is provided a liquid crystal display device includ-
ing:

[0024] a liquid crystal panel having a first substrate,
a second substrate, a liquid crystal layer sandwiched
between the first substrate and the second substrate,
a plurality of signal lines being formed on the first
substrate and to which corresponding pixel data
signals are fed, a plurality of scanning lines, being
formed on the second substrate orthogonally to the
plurality of signal lines and to which a scanning
signal is fed, a plurality of pixels each being placed
at a point of intersection of each of the signal lines
and each of the scanning lines, and one piece of a
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common electrode being commonly connected to
each of the pixels and to which a common voltage is
applied,

[0025] a liquid crystal driving circuit to reverse a
polarity of the pixel data signal corresponding to a
video signal relative to a reference voltage for every
one horizontal period or for every one vertical period
and to apply the reversed pixel data signal to each of
the signal lines and to feed the scanning signal to
each of the scanning lines in predetermined order;

[0026] a common voltage generating circuit to gen-
erate the common voltage;

[0027] an offset circuit to generate an offset voltage
having an optimum voltage level that corresponds to
a position of each of the pixels of the liquid crystal
panel and, after having added the offset voltage to the
video signal, feeds a resulting signal to the liquid
crystal driving circuit; and

[0028] wherein the common voltage generating cir-
cuit produces the common voltage as a direct current
voltage having a predetermined voltage level and
feeds the produced common voltage to the common
electrode in the liquid crystal panel.

[0029] In the foregoing second aspect, a preferable mode
is one wherein the offset circuit is so constructed as to
change the offset voltage for every plurality of the pixels
during one horizontal period of the video signal.

[0030] Also, a preferable mode is one wherein the offset
circuit is so constructed as to change the offset voltage for
every plurality of the pixels during one vertical period of the
video signal.

[0031] Also, a preferable mode is one wherein the offset
circuit is so configured as to generate the offset voltage such
that a higher offset voltage may be applied to the pixels
placed in side portions rather than the pixels placed in
central portions in the liquid crystal panel.

[0032] According to a third aspect of the present inven-
tion, there is provided a liquid crystal device driving method
for driving a liquid crystal display device including a liquid
crystal panel having a first substrate, a second substrate, a
liquid crystal layer sandwiched between the first substrate
and the second substrate, a plurality of signal lines being
formed on the first substrate and to which corresponding
pixel data signals are fed, a plurality of scanning lines, being
formed on the second substrate orthogonally to the plurality
of signal lines and to which a scanning signal is fed, a
plurality of pixels each being placed at a point of intersection
of each of the signal lines and each of the scanning lines, and
one piece of a common electrode being commonly con-
nected to each of the pixels and to which a common voltage
is applied; a liquid crystal driving circuit to reverse a polarity
of the pixel data signal corresponding to a video signal
relative to a reference voltage for every one horizontal
period or for every one vertical period and to apply the
reversed pixel data signal to each of the signal lines and to
feed the scanning signal to each of the scanning lines in
predetermined order; and a common voltage generating
circuit to generate the common voltage, the method includ-

ing;
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[0033] a process of generating the common voltage
as a direct current voltage at a predetermined voltage
level; and

[0034] a process of generating the reference voltage
so as to have an optimum voltage level that corre-
sponds to a position of each of pixels in the liquid
crystal panel and to feed the generated reference
voltage to the liquid crystal driving circuit.

[0035] In the foregoing third aspect, a preferable mode is
one wherein, in the process of generating the reference
voltage, the reference voltage is changed for every plurality
of the pixels during one horizontal period of the video
signal.

[0036] Also, a preferable mode is one wherein, in the
process of generating the reference voltage, the reference
voltage is changed for every plurality of the pixels during
one vertical period of the video signal.

[0037] Also, a preferable mode is one wherein, in said
process of generating said reference voltage, said reference
voltage is generated such that a higher reference voltage
may be applied to said pixels placed in side portions rather
than said pixels placed in central portions in the liquid
crystal panel.

[0038] According to a fourth aspect of the present inven-
tion, there is provided a liquid crystal device driving method
for driving a liquid crystal display device including a liquid
crystal panel having a first substrate, a second substrate, a
liquid crystal layer sandwiched between the first substrate
and the second substrate, a plurality of signal lines being
formed on the first substrate and to which corresponding
pixel data signals are fed, a plurality of scanning lines, being
formed on the second substrate orthogonally to the plurality
of signal lines and to which a scanning signal is fed, a
plurality of pixels each being placed at a point of intersection
of each of the signal lines and each of the scanning lines, and
one piece of a common electrode being commonly con-
nected to each of the pixels and to which a common voltage
is applied; a liquid crystal driving circuit to reverse a polarity
of the pixel data signal corresponding to a video signal
relative to a reference voltage for every one horizontal
period or for every one vertical period and to apply the
reversed pixel data signal to each of the signal lines and to
feed the scanning signal to each of the scanning lines in
predetermined order; and a common voltage generating
circuit to generate the common voltage, the method includ-

ing;
[0039] a process of generating the common voltage
as a direct current voltage at a predetermined voltage

level; and

[0040] a process of generating an offset voltage hav-
ing an optimum voltage level that corresponds to a
position of each of the pixels in the liquid crystal
panel and, after having added the offset voltage to the
video signal, feeds a resulting signal to the liquid
crystal driving circuit.

[0041] Inthe foregoing fourth aspect, a preferable mode is
one wherein, in the process of generating the offset voltage,
the offset voltage is changed for every plurality of the pixels
during the one horizontal period of the video signal.
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[0042] Also, a preferable mode is one wherein, in the
process of generating the offset voltage, the offset voltage is
changed for every plurality of the pixels during the one
vertical period of the video signal.

[0043] Furthermore, a preferable mode is one wherein, in
said process of generating said offset voltage, said offset
voltage is generated such that a higher offset voltage may be
applied to said pixels placed in side portions rather than said
pixels placed in central portions in the liquid crystal panel.

[0044] With the above configurations, since a reference
voltage is generated so as to have an optimum voltage level
that corresponds to a position of each of pixels in a liquid
crystal panel and is fed to a liquid crystal driving circuit,
even if a common voltage is not made uniform through
entire portions of a common electrode, adjustment can be
achieved so that flicker is minimized over all areas in the
liquid crystal panel.

[0045] With another configuration as above, since a ref-
erence voltage generating circuit is provided with an LUT
and a value of a reference voltage corresponding to each
liquid crystal is stored in the LUT, a reference voltage
precisely adjusted by a simpler configuration can be
acquired and adjustment can be achieved so as to reduce
flicker over all areas of the liquid crystal panel.

[0046] With still another configuration as above, since a
video signal whose offset voltage has been adjusted so as to
have an optimum voltage level that corresponds to a position
of each of pixels, even if a common voltage is not made
uniform through entire portions of the common electrode,
adjustment can be achieved so that flicker is minimized over
all areas of the liquid crystal panel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0047] The above and other objects, advantages, and fea-
tures of the present invention will be more apparent from the
following description taken in conjunction with the accom-
panying drawings in which:

[0048] FIG. 1 is a schematic block diagram showing
electrical configurations of a liquid crystal display device
according to a first embodiment of the present invention;

[0049] FIG. 2 is a diagram showing electrical configura-
tions of a liquid crystal panel shown in FIG. 1,

[0050] FIG. 3 is a block diagram showing electrical
configurations of a timing generator shown in FIG. 1;

[0051] FIG. 4 is a timing chart explaining operations of
the timing generator shown in FIG. 3;

[0052] FIGS. 5A and 5B are diagrams illustrating refer-
ence voltages to be fed to a liquid crystal driving circuit of
the first embodiment of the present invention;

[0053] FIG. 6 is a diagram showing a common voltage,
reference voltage, and pixel data signal being used in the
liquid crystal panel of the first embodiment of the present
invention;

[0054] FIG. 7 is a schematic block diagram showing
electrical configurations of a liquid crystal display device
according to a second embodiment of the present invention;

[0055] FIG. 8 is a schematic block diagram showing
electrical configurations of a timing generator employed in
the second embodiment of the present invention;
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[0056] FIG. 9 is a schematic block diagram showing
electrical configurations of a liquid crystal display device
according to a third embodiment of the present invention;

[0057] FIG. 10 is a diagram explaining operations of an
offset circuit shown in FIG. 9;

[0058] FIG. 11 is a schematic block diagram showing
configurations of a conventional liquid crystal display
device;

[0059] FIG. 12 is a diagram showing electrical configu-
rations of a liquid crystal panel shown in FIG. 11; and

[0060] FIG. 13 is a diagram showing a common voltage,
reference voltage, and pixel data signal being used in the
conventional liquid crystal display panel.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0061] Best modes of carrying out the present invention
will be described in further detail using various embodi-
ments with reference to the accompanying drawings.

First Embodiment

[0062] FIG. 1 is a schematic block diagram showing
electrical configurations of a liquid crystal display device
according to a first embodiment of the present invention.
The liquid crystal display device of the first embodiment, as
shown in FIG. 1, includes a liquid crystal panel 40, a liquid
crystal driving circuit 50, a common voltage generating
circuit 60, a timing generator 70, and a DA (Digital/Analog)
converter 80. The liquid crystal panel 40, as shown in FIG.
2, has a plurality of signal lines X;, X,, . .., X, to which a
corresponding pixel data signal D is fed, a plurality of
scanning lines Y,, Y,, . . ., Y, to which a scanning signal
V is applied, a plurality of MOSFETs (Metal Oxide Semi-
conductor Effect Field Transistors) 41; (i=1,2,...,n;j=1,
2, ..., m) being placed at a point of intersection of each of
the signal lines X;, X,, . . . , X, and each of the scanning
lines Y, Y, . . ., Y, pixels 42;; (i=1, 2, . . ., m; j=1, 2, .
.., m), capacitors 43;; (i=1, 2, . . ., n; j=1, 2, . .., m), Cs
line being commonly connected to each of the capacitors
43;;, and a common electrode 44 being connected commonly
to each of the pixels 42;; to which a common voltage Veom
is applied and in which an image is displayed by feeding a
pixel data signal D to the pixels 42;; on the scanning lines Y5,
Y., ..., Y, tobe selected by the scanning signal V.

[0063] The liquid crystal driving circuit 50 reverses a
polarity of a pixel data signal D corresponding to a video
signal “in” relative to a reference voltage Vf for every one
horizontal period and feeds the reversed signal to each of the
signal lines X, X5, . . ., X, in the liquid crystal panel 40 and,
at a same time, feeds the scanning signal V in predetermined
order to each of the scanning lines Y;, Y, ..., Y. The
common voltage generating circuit 60 generates a common
voltage Vcom as a DC (Direct Current) voltage having a
predetermined level. The timing generator 70 generates
reference voltages (digital value) R each having a different
voltage level corresponding to a position of each of the
pixels 42;; in the liquid crystal panel 40 and is constructed,
in the first embodiment in particular, so as to change the
reference voltages R for every plurality of pixels 42;; during
one horizontal period of the video signal “in”. The DA
converter 80 performs D/A conversion on the reference
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voltage (digital value) Rand feeds the reference voltage VI
represented by an analog value to the liquid crystal driving
circuit 50.

[0064] FIG. 3 is a block diagram showing electrical
configurations of the timing generator 70 shown in FIG. 1.
The timing generator 70, as shown in FIG. 3, is made up of
a counter 71, a trigger generator 72, comparators 73 and 74,
and a calculator 75. The counter 71 uses a horizontal sync
signal “H, " as a reference for a resetting operation and
counts pixel clocks of the video signal “in” as a clock “ck”
and then outputs a resulting count value “h”. The trigger
generator 72 outputs, based on a count value “h” and
“Data_A” (that is, data based mainly on a resolution of the
liquid crystal panel 40), a trigger signal “a” at predetermined
intervals of time. This predetermined period represents one
period during which the trigger generator 72 employed in
the liquid crystal panel 40 providing, for example, a reso-
lution according to an XGA (Extended Graphic Array)
specification divides pixels 1024 being arranged in a hori-
zontal direction by 64 and outputs the trigger signal “a” for
every 16 dots.

[0065] The comparator 73 compares the count value “h”
with “Data_B” (that is, data based mainly on a resolution of
the liquid crystal panel 40) and, if the count value “h” is
larger than the “Data_B”, outputs a low level (hereinafter
may be simply referred to as an “L” level) active period
setting signal “b”. Also, the comparator 74 compares the
count value “h” with “Data_C” (that is, data based mainly on
a resolution of the liquid crystal panel 40) and, if the count
value “h” is smaller than the “Data_C”, outputs an L-level
active period setting signal “c”. The calculator 75, when the
active period setting signal “b” or active period setting
signal “c” is output, produces a reference voltage “R” being
a value obtained based on “Data_D” (data used to adjust the
reference voltage R based on a type of the liquid crystal
panel 40).

[0066] FIG. 4 is a timing chart explaining operations of
the timing generator 70 shown in FIG. 3. In the timing
generator 70, as shown in FIG. 4, a trigger signal (pulse) “a”
is output cyclically (for example, every 16 clocks), based on
the count value “h” fed from the counter 71, from the trigger
generator 72. Then, while the active period setting signal “b”
is at an “L” level, the reference voltage R is output as a value
occurring every time “p” is added with timing with which
the trigger signal “a” is fed in such a manner as “m”—“m+
p’—“m+2p”— . . . . Also, while the active period setting

It

signal “c” is at an “L” level, the reference voltage R is output
as a value occurring every time “p” is subtracted with timing
with which the trigger signal “a” is fed in such a manner as

. —=“m+2p”—“m+p”—“m”. That is, the reference voltage

changes as follows:

“m”—)“m+p”—>“m+2p”—) L _)“m+2p,,_)“m+p,,_)
P

m
[0067] This reference voltage R is D/A (digital to analog)
converted by the D/A converter 80 and is output as an analog
reference voltage Vi, for example, as shown in FIGS. 5A
and 5B, by the DA converter 80. FIG. 5A shows that the
reference voltage Vf becomes higher in side regions rather
than central regions in the liquid crystal panel 40. FIG. 5B
illustrates the reference voltage Vf occurring when a vertical
sync signal “V__ " instead of the horizontal sync signal
“H,,..” is input to the counter 71 shown in FIG. 3 and also

sSync



US 2003/0231155 Al

shows that the reference voltage Vf becomes higher in the
side regions rather than the central regions in the liquid
crystal panel 40.

[0068] FIG. 6 is a diagram showing the common voltage
Vcom, the reference voltage Vi, and the pixel data signal D
being used in the liquid crystal panel 40 of the first embodi-
ment. A method for driving the liquid crystal panel 40 in the
liquid crystal display device of the first embodiment is
described by referring to FIG. 6. In the liquid crystal display
device of the first embodiment, to the liquid crystal panel 40
is applied the common voltage Vcom having a predeter-
mined level and to the liquid crystal driving circuit 50 is fed
the reference voltage Vf from the DA converter 80 (this
process is called a “reference voltage generating and feeding
processing”) and an image corresponding to the pixel data
signal D is displayed. The pixel data signal D is reversed
relative to the reference voltage VI every one horizontal
period. Moreover, the common voltage Vcom is adjusted so
that flicker occurring due to the reversal of the pixel data
signal D can be minimized. As shown in FIG. 6, since the
reference voltage VT is higher in side regions (Vf@) rather
than in central regions (Vf@) of the liquid crystal panel 40,
the pixel data signal D is put into a state as shown by dashed
lines in the central regions in the liquid crystal panel 40 and
is put into a state as shown by solid lines in the side regions
in the liquid crystal panel 40.

[0069] Thus, according to the first embodiment, since the
reference voltage Vf is generated so as to have an optimum
voltage level that corresponds to a position of each of the
pixels 42; in the liquid crystal panel 40 and is fed to the
liquid crystal driving circuit 50, even if the common voltage
Veom is not made uniform through entire portions of the
common electrode 44, adjustment can be achieved so that
flicker can be minimized over all areas of the liquid crystal
panel 40.

Second Embodiment

[0070] FIG. 7 is a schematic block diagram showing
electrical configurations of a liquid crystal display device
according to a second embodiment of the present invention.
In FIG. 7, same reference numbers are assigned to compo-
nents having same functions as in the first embodiment
shown in FIG. 1. In the liquid crystal display device of the
second embodiment, as shown in FIG. 7, instead of a timing
generator 70 shown in FIG. 1, a timing generator 70A
having configurations being different from the timing gen-
erator 70 is placed.

[0071] FIG. 8 is a schematic block diagram showing
electrical configurations of the timing generator 70A
employed in the second embodiment. In FIG. 8, same
reference numbers are assigned to components having same
functions as those shown in FIG. 3 in the first embodiment.
The timing generator 70A includes a counter 71 and an LUT
(Look-Up-Table) 76. The ULT 76 is made up of, for
example, a ROM (Read Only Memory), RAM (Random
Access Memory), or a like (not shown) and stores values of
areference voltage R corresponding to each of the pixels 42;;
and outputs the reference voltage R corresponding to a count
value “h” output from the counter 71. According to the
method for driving a liquid crystal panel of the liquid crystal
display device having configurations described above, the
reference voltage R corresponding to the count value “h” is
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output from the LUT 76 and, thereafter, the liquid crystal
panel 40 is driven in the same ways as employed in the first
embodiment.

[0072] Thus, according to the second embodiment, since
the LUT 76 is placed in the timing generator 70A and since
the reference voltage R corresponding to each of the pixels
42;; is stored in the LUT 76, in addition to effects obtained
in the first embodiment, additional effects can be achieved
that the reference voltage R precisely adjusted by a simpler
configuration can be acquired and adjustment can be
achieved so as to reduce flicker over all areas of the liquid
crystal panel 40.

Third Embodiment

[0073] FIG. 9 is a schematic block diagram showing
electrical configurations of a liquid crystal display device
according to a third embodiment of the present invention. In
FIG. 9, same reference numbers are assigned to components
having same functions as in the first embodiment shown in
FIG. 1. In the liquid crystal display device of the third
embodiment, as shown in FIG. 9, instead of a timing
generator 70 and a D/A converter 80 shown in FIG. 1, an
offset circuit 90 is newly placed. The offset circuit 90
produces an offset voltage at a level that varies depending on
a position of each of pixels 42;; in a liquid crystal panel 40
and, in the third embodiment in particular, after having
changed the produced offset voltage based on a horizontal
sync signal H, . for every plurality of the pixels 42;; during
one horizontal period of a video signal “in” and then adds a
changed offset voltage to the video signal “in” and feeds a
resulting signal as a video signal “Q” to a liquid crystal
driving circuit 50. Moreover, to the liquid crystal driving
circuit 50 is fed a reference voltage Vf having a predeter-
mined level.

[0074] FIG. 10 is a diagram explaining operations of the
offset circuit 90 shown in FIG. 9.A method for driving the
liquid crystal panel 40 of the third embodiment is described
by referring to FIG. 10. In the liquid crystal display device
of the third embodiment, the reference voltage Vf is set so
as to have a predetermined value and, as shown in FIG. 10,
the video signal “Q”, after its offset voltage has been
adjusted so as to have an optimum wvoltage level that
corresponds to a position of cach of the pixels 42;; during
one horizontal period of the video signal “in”, is applied to
the liquid crystal driving circuit 50. Thereafter, as in the case
of the first embodiment, the liquid crystal panel 40 is driven.
Moreover, in FIG. 10, waveforms of the video signal “in”
and the video signal “Q” represent 10-bit digital data of
“000” to “3FF” by analog data.

[0075] Thus, according to the third embodiment of the
present invention, since the video signal “Q” whose offset
voltage has been adjusted so as to have the optimum voltage
level that corresponds to a position of each of the pixels 42,
even if a common voltage Vcom is not made uniform
through entire portions of a common electrode 44 (not
shown), adjustment can be achieved so that flicker is mini-
mized over all areas of the liquid crystal panel 40.

[0076] It is apparent that the present invention is not
limited to the above embodiments but may be changed and
modified without departing from the scope and spirit of the
invention. For example, the timing generator 70 shown in
FIG. 3 may be so constructed that a reference voltage R is
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changed, by feeding a vertical sync signal V. instead of a
horizontal sync signal H,,,., for every plurality of the pixels
42,; during one vertical period of a video signal “in”. Also,
the timing generator 70 may be so constructed that a
reference voltage R is changed, by feeding a horizontal sync
signal H__ and a vertical sync signal V__, for every
plurality of the pixels 42;; during one horizontal period and
one vertical period of a video signal “in”. Also, the offset
circuit 90 shown in FIG. 9 may be so constructed that an
offset voltage contained in a voltage of a video signal “Q”
is changed, by feeding a vertical sync signal V__ instead of
a horizontal sync signal H, ., for every plurality of the
pixels 42;; during one vertical period of a video signal “in”.
Also, the offset circuit 90 may be so constructed that an
offset voltage contained in a voltage of a video signal “Q”
is changed, by feeding a vertical sync signal V. and a
horizontal sync signal H, .., for every plurality of the pixels
42 during one horizontal period and onc vertical period of

a video signal “in”.

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

a liquid crystal panel having a first substrate, a second
substrate, a liquid crystal layer sandwiched between
said first substrate and said second substrate, a plurality
of signal lines being formed on said first substrate and
to which corresponding pixel data signals are fed, a
plurality of scanning lines, being formed on said sec-
ond substrate orthogonally to said plurality of signal
lines and to which a scanning signal is fed, a plurality
of pixels each being placed at a point of intersection of
each of said signal lines and each of said scanning lines,
and one piece of a common electrode being commonly
connected to each of said pixels and to which a com-
mon voltage is applied;

a liquid crystal driving circuit to reverse a polarity of said
pixel data signals corresponding to video signals rela-
tive to a reference voltage for every one horizontal
period or for every one vertical period and to apply the
reversed pixel data signals to the corresponding signal
lines and to feed said scanning signal to each of said
scanning lines in predetermined order;

a common voltage generating circuit to generate said
common voltage;

a reference voltage generating circuit to generate said
reference voltage so as to have an optimum voltage
level that corresponds to a position of each of said
pixels in said liquid crystal panel and to feed the
generated reference voltage to said liquid crystal driv-
ing circuit; and

wherein said common voltage generating circuit pro-
duces said common voltage as a direct current volt-
age having a predetermined voltage level and feeds
the produced common voltage to said common elec-
trode in said liquid crystal panel.

2. The liquid crystal display device according to claim 1,
wherein said reference voltage generating circuit is so
constructed as to change said reference voltage for every
plurality of said pixels during one horizontal period of said
video signal.

3. The liquid crystal display device according to claim 1,
wherein said reference voltage generating circuit is so
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constructed as to change said reference voltage for every
plurality of said pixels during one vertical period of said
video signal.

4. The liquid crystal display device according to claim 1,
wherein said reference voltage generating circuit is so
configured as to generate said reference voltage such that a
higher reference voltage may be applied to said pixels
placed in side portions rather than said pixels placed in
central portions in the liquid crystal panel.

5. The liquid crystal display device according to claim 2,
wherein said reference voltage generating circuit is so
constructed as to have a look-up-table in which a value of
said reference voltage corresponding to each of said pixels
is stored and as to generate said reference voltage based on
said look-up-table.

6. A liquid crystal display device comprising:

a liquid crystal panel having a first substrate, a second
substrate, a liquid crystal layer sandwiched between
said first substrate and said second substrate, a plurality
of signal lines being formed on said first substrate and
to which corresponding pixel data signals are fed, a
plurality of scanning lines, being formed on said sec-
ond substrate orthogonally to said plurality of signal
lines and to which a scanning signal is fed, a plurality
of pixels each being placed at a point of intersection of
each of said signal lines and each of said scanning lines,
and one piece of a common electrode being commonly
connected to each of said pixels and to which a com-
mon voltage is applied,

a liquid crystal driving circuit to reverse a polarity of said
pixel data signal corresponding to a video signal rela-
tive to a reference voltage for every one horizontal
period or for every one vertical period and to apply the
reversed pixel data signal to each of said signal lines
and to feed said scanning signal to each of said scan-
ning lines in predetermined order;

a common voltage generating circuit to generate said
common voltage;

an offset circuit to generate an offset voltage having an
optimum voltage level that corresponds to a position of
each of said pixels in said liquid crystal panel and, after
having added said offset voltage to said video signal,
feeds a resulting signal to said liquid crystal driving
circuit; and

wherein said common voltage generating circuit pro-
duces said common voltage as a direct current volt-
age having a predetermined voltage level and feeds
the produced common voltage to said common elec-
trode in said liquid crystal panel.

7. The liquid crystal display device according to claim 6,
wherein said offset circuit is so constructed as to change said
offset voltage for every plurality of said pixels during one
horizontal period of said video signal.

8. The liquid crystal display device according to claim 6,
wherein said offset circuit is so constructed as to change said
offset voltage for every plurality of said pixels during one
vertical period of said video signal.

9. The liquid crystal display device according to claim 6,
wherein said offset circuit is so configured as to generate
said offset voltage such that a higher offset voltage may be
applied to said pixels placed in side portions rather than said
pixels placed in central portions in the liquid crystal panel.
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10. A liquid crystal device driving method for driving a
liquid crystal display device comprising a liquid crystal
panel having a first substrate, a second substrate, a liquid
crystal layer sandwiched between said first substrate and
said second substrate, a plurality of signal lines being
formed on said first substrate and to which corresponding
pixel data signals are fed, a plurality of scanning lines, being
formed on said second substrate orthogonally to said plu-
rality of signal lines and to which a scanning signal is fed,
a plurality of pixels each being placed at a point of inter-
section of each of said signal lines and each of said scanning
lines, and one piece of a common electrode being commonly
connected to each of said pixels and to which a common
voltage 1s applied; a liquid crystal driving circuit to reverse
a polarity of said pixel data signal corresponding to a video
signal relative to a reference voltage for every one horizontal
period or for every one vertical period and to apply the
reversed pixel data signal to each of said signal lines and to
feed said scanning signal to each of said scanning lines in
predetermined order; and a common voltage generating
circuit to generate said common voltage, said method com-
prising;

a process of generating said common voltage as a direct
current voltage having a predetermined voltage level;
and

a process of generating said reference voltage so as to
have an optimum voltage level that corresponds to a
position of each of said pixels in said liquid crystal
panel and to feed the generated reference voltage to
said liquid crystal driving circuit.

11. The liquid crystal device driving method according to
claim 10, wherein, in said process of generating said refer-
ence voltage, said reference voltage is changed for every
plurality of said pixels during one horizontal period of said
video signal.

12. The liquid crystal device driving method according to
claim 10, wherein, in said process of generating said refer-
ence voltage, said reference voltage is changed for every
plurality of said pixels during one vertical period of said
video signal.

13. The liquid crystal display device according to claim
10, wherein, in said process of generating said reference
voltage, said reference voltage is generated such that a
higher reference voltage may be applied to said pixels
placed in side portions rather than said pixels placed in
central portions in the liquid crystal panel.
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14. A liquid crystal device driving method for driving a
liquid crystal display device comprising a liquid crystal
panel having a first substrate, a second substrate, a liquid
crystal layer sandwiched between said first substrate and
said second substrate, a plurality of signal lines being
formed on said first substrate and to which corresponding
pixel data signals are fed, a plurality of scanning lines, being
formed on said second substrate orthogonally to said plu-
rality of signal lines and to which a scanning signal is fed,
a plurality of pixels each being placed at a point of inter-
section of each of said signal lines and each of said scanning
lines, and one piece of a common electrode being commonly
connected to each of said pixels and to which a common
voltage is applied; a liquid crystal driving circuit to reverse
a polarity of said pixel data signal corresponding to a video
signal relative to a reference voltage for every one horizontal
period or for every one vertical period and to apply the
reversed pixel data signal to each of said signal lines and to
feed said scanning signal to each of said scanning lines in
predetermined order; and a common voltage generating
circuit to generate said common voltage, said method com-
prising;

a process of generating said common voltage as a direct

current voltage having a predetermined voltage level,
and

a process of generating an offset voltage having an
optimum voltage level that corresponds to a position of
each of said pixels in said liquid crystal panel and, after
having added said offset voltage to said video signal,
feeds a resulting signal to said liquid crystal driving
circuit.

15. The liquid crystal device driving method according to
claim 14, wherein, in said process of generating said offset
voltage, said offset voltage is changed for every plurality of
said pixels during one horizontal period of said video signal.

16. The liquid crystal device driving method according to
claim 14, wherein, in said process of generating said offset
voltage, said offset voltage is changed for every plurality of
said pixels during one vertical period of said video signal.

17. The liquid crystal device driving method according to
claim 14, wherein, in said process of generating said offset
voltage, said offset voltage is generated such that a higher
offset voltage may be applied to said pixels placed in side
portions rather than said pixels placed in central portions in
the liquid crystal panel.

* * * * #*
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