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7) ABSTRACT

A liquid crystal display device includes a first substrate, a
second substrate, a liquid crystal layer sandwiched between
the first and second substrates, a plurality of scanning lines
arranged on the first substrate, a plurality of signal lines
arranged on the first substrate, a plurality of first switches
arranged at intersections of the scanning lines and the signal
lines, a plurality of pixel electrodes each electrically con-
nected to each of the first switches, a plurality of opposing
electrodes each arranged in parallel with each of the pixel
electrodes, and a signal line driver which switches a first
voltage for driving a positive pole and a second voltage for
driving a negative pole at a predetermined interval in
accordance with a gradation, and outputs the positive or
negative driving voltage to the signal lines, the signal line
driver compensating for the first and second voltages such
that averages of the first and second voltages in each of
gradations are different from one another.
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F1G.16

GRADATION

CRADATION | REFERENCE | POSIIVEFOLE | NAGAYIVEFOLE AVERAGE COMPENSATION
25 9 |REFERENCE L 10.50Vv]| 0.10V 5.3V —-0.5V
25 4 |mrmenc2l 9.52V 1.18V 535V |—0.45V
240 |sererencss| 9.0 1V 1.79V 5.4V ~0.4V
197 |rrmene4f 8.36V 2.64V 5.5V ~0.3V
128 |mmmevces| 7.7 3V 3.47V 5.6V -0.2V
6 4 |mewErevczs| 6.95V 4.45V 5.7V -0.1V

372 |memear| 6,30V 5.30V 5.8V 0.0L
0 mererevcs 8| 5.8 0V 580V 5.8V 0.0V
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GRADATION | REFERONCE | pOSHIVEPOLE | NEGATIVEPOLE |  AVERAGE G NGATION
555 l|pemece1| 11.00V| .60V 5.8V -
25 4 |rermenikz| §.97V 1.63V 5.8V -
240 |mermenes| 941V | 2,19V 5.8V -
192 |seremencee| 8.66V | 2.94V 5.8V -
128 |weremevces| 7.93V | 3.67V 5.8V -
54 |mmmes| 7.05Y | 455V | 5.8V -
32 |memencz1l 6.30V 5.30V 5.8V -
0 rermevce 8| 5.8 0V 580V 5.8V -
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GRADATION | REFERENCE | POSITIVEPOLE | NEGATIVE POLE AVERACE mwnw
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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD OF DRIVING THE SAME

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The invention relates to a liquid crystal display
device, and more particularly to an active matrix type
in-plane switching liquid crystal display device.

[0003] 2. Description of the Related Art

[0004] Recently, there has been developed an in-plane
switching type liquid crystal display device in which
molecular axes of aligned liquid crystal molecules are
rotated in a plane parallel to a substrate, to thereby display
images.

[0005] In an in-plane switching type liquid crystal display
device, since a viewer looks only at minor axes of liquid
crystal molecules even if he/she turns his/her viewpoint, an
angle of visibility is not dependent on an inclination of liquid
crystal molecules. Hence, an in-plane switching type liquid
crystal display device can present a wider angle of visibility
than a conventional liquid crystal display device such as a
twisted nematic (TN) mode liquid crystal display device
where an electric field is generated between substrates
sandwiching a liquid crystal layer therebetween in a direc-
tion perpendicular to the substrates.

[0006] In an in-plane switching type liquid crystal display
device, a plurality of scanning lines and signal lines are
arranged on one of transparent substrates sandwiching a
liquid crystal layer therebetween. Thin film transistors
(TFTs) are arranged at intersections of the scanning and
signal lines. Sources of the thin film transistors are electri-
cally connected to pixel electrodes. Opposing electrodes are
positioned in facing relation with the pixel electrodes.

[0007] When an image is displayed on a display screen in
in-plane switching type liquid crystal display device, a
voltage is applied to the scanning lines for successively
turning the thin film transistors on, and then, a voltage
having a magnitude determined in accordance with a gra-
dation to be displayed is applied to an associated pixel
electrode through the thin film transistor from a data line. As
a result, there is produced an electric field between the pixel
and opposing electrodes in parallel with the transparent
substrates. The thus produced electric field varies a direction
of alignment of liquid crystal molecules in the liquid crystal
layer, and resultingly, vary optical characteristics of liquid
crystal, ensuring a desired gradation.

[0008] The above-mentioned in-plane switching type lig-
uid crystal display device is accompanied with a problem
that flicker occurs when a certain image is displayed for a
certain period of time, and thereafter, the image is switched
into another image in which all pixels are arranged to be in
the same gradation.

[0009] For instance, it is assumed that a liquid crystal
display device is driven in accordance with a dot inversion
driving method in which a voltage for driving a positive
polarity and a voltage for driving a negative polarity are
switched to each other in each of pixels at a predetermined
interval. In this case, the above-mentioned problem occurs
in particular when a checker pattern in which black-display-
ing pixels B (minimum gradation) and white-displaying
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pixels W (maximum gradation) are alternately arranged in a
matrix, as illustrated in FIG. 7, is displayed in a certain
period of time, and thereafter, all pixels are switched into
images having the same gradation.

[0010] For another instance, it is assumed that a liquid
crystal display device is driven in accordance with a line
inversion driving method in which a voltage for driving a
positive polarity and a voltage for driving a negative polarity
are switched to each other in every lines at a predetermined
interval. In this case, the above-mentioned problem occurs
in particular when a stripe pattern in which black-displaying
and white-displaying pixels are alternately arranged in every
two lines is displayed in a certain period of time, and
thereafter, all pixels are switched into images having the
same gradation.

SUMMARY OF THE INVENTION

[0011] In view of the above-mentioned problems in the
conventional liquid crystal display devices, it is an object of
the present invention to provide an in-plane switching type
liquid crystal display device which is capable of reducing
flickers in a display screen It is also an object of the present
invention to provide a method of driving a liquid crystal
display device which method is capable of reducing flickers
in a display screen.

[0012] 1In one aspect of the present invention, a liquid
crystal display device includes (a) a first substrate, (b) a
second substrate, (c) a liquid crystal layer sandwiched
between the first and second substrates, (d) a plurality of
scanning lines arranged on the first substrate, (e) a plurality
of signal lines arranged on the first substrate, () a plurality
of first switches arranged at intersections of the scanning
lines and the signal lines, (g) a plurality of pixel electrodes
each electrically connected to each of the first switches, (h)
a plurality of opposing electrodes each arranged in parallel
with each of the pixel electrodes, and (i) a signal line driver
which switches a first voltage for driving a positive pole and
a second voltage for driving a negative pole at a predeter-
mined interval in accordance with a gradation, and outputs
the positive or negative driving voltage to the signal lines,
the signal line driver compensating for the first and second
voltages such that averages of the first and second voltages
in each of gradations are different from one another.

[0013] For instance, the signal line driver may be designed
to compensate for the first and second voltages such that an
average of the first and second voltages is smaller in a higher
gradation.

[0014] Forinstance, the signal line driver may be designed
to compensate for the first and second voltages such that a
difference between an average of positive and negative
voltages to be applied to the pixel electrode in association
with a gradation and a voltage of the opposing electrode
associated with the pixel electrode is kept substantially
constant irrespective of the gradation.

[0015] For instance, such a voltage may be applied to the
opposing electrodes that a flicker is not allowed to occur in
a display where pixels displaying intermediate gradation and
pixels displaying black are alternately arranged. For
instance, the signal line driver may be designed to compen-
sate for the first and second voltages such that a difference
between an average of the first and second voltages, asso-
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ciated with a maximum gradation, and an average of the first
and second voltages, associated with a minimum gradation,
is in the range of —1.0 to 0.0 volts both inclusive.

[0016] Forinstance, the signal line driver may be designed
to compensate for the first and second voltages such that a
difference between an average of the first and second volt-
ages, associated with a maximum gradation, and an average
of the first and second voltages, associated with a minimum
gradation, is in the range -0.9 to -0.2 volts both inclusive.

[0017] Forinstance, the signal line driver may be designed
to compensate for the first and second voltages such that a
difference between an average of the first and second volt-
ages, associated with a maximum gradation, and an average
of the first and second voltages, associated with a minimum
gradation, is in the range of -0.5 to -0.3 volts both inclusive.

[0018] Ttis preferable that the liquid crystal display device
further includes a light barrier which does not allow a light
to reach the first switches.

[0019] Tt is preferable that liquid crystal in the liquid
crystal layer has a specific resistance in the range of 4.5x
10™°Q em and 2.0x10" Q cm both inclusive, preferably in
the range of 3.0x10" Q cm and 1.0x10" Q cm both
inclusive, and more preferably in the range of 5.0x10™ Q
cm and 2.0x10"* Qcm both inclusive.

[0020] There is further provided a liquid crystal display
device includes (a) a first substrate, (b) a second substrate,
() a liquid crystal layer sandwiched between the first and
second substrates, (d) a plurality of scanning lines arranged
on the first substrate, (¢) a plurality of signal lines arranged
on the first substrate, a plurality of first switches arranged at
intersections of the scanning lines and the signal lines, (g) a
plurality of pixel electrodes each electrically connected to
cach of the first switches, (h) a plurality of opposing
electrodes each arranged in parallel with each of the pixel
electrodes, (i) a signal line driver which switches a first
voltage for driving a positive pole and a second voltage for
driving a negative pole at a predetermined interval in
accordance with a gradation, and outputs the positive or
negative driving voltage to the signal lines, and (j) a refer-
ence driving voltage supplier which generates first and
second reference driving voltages both compensated for in
each of gradations, and associated with at least one specific
gradation, the signal line driver compensating for the first
and second voltages such that averages of the first and
second voltages in each of gradations are different from one
another, the signal line driver including a driving voltage
calculator which receives at least one pair of the first and
second reference driving voltages from the reference driving
voltage supplier, and calculates and outputs the first and
second reference driving voltages associated with a grada-
tion to be displayed, based on the received first and second
reference driving voltages.

[0021] There is still further provided a liquid crystal
display device includes (a) a first substrate, (b) a second
substrate, (c) a liquid crystal layer sandwiched between the
first and second substrates, (d) a plurality of scanning lines
arranged on the first substrate, (¢) a plurality of signal lines
arranged on the first substrate, (If a plurality of first switches
arranged at intersections of the scanning lines and the signal
lines, (g) a plurality of pixel electrodes each electrically
connected to each of the first switches, (h) a plurality of
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opposing electrodes each arranged in parallel with each of
the pixel electrodes, (i) a signal line driver which switches
a first voltage for driving a positive pole and a second
voltage for driving a negative pole at a predetermined
interval in accordance with a gradation, and outputs the
positive or negative driving voltage to the signal lines, and
() a reference driving voltage supplier which generates first
and second reference driving voltages both compensated for
in each of gradations, the signal line driver compensating for
the first and second voltages such that averages of the first
and second voltages in each of gradations are different from
one another, the signal line driver including a driving voltage
selector which receives the first and second reference driv-
ing voltages from the reference driving voltage supplier, and
selects and outputs first and second reference driving volt-
ages associated with a gradation to be displayed, among the
received first and second reference driving voltages.

[0022] There is yet further provided a liquid crystal dis-
play device includes (a) a first substrate, (b) a second
substrate, () a liquid crystal layer sandwiched between the
first and second substrates, (d) a plurality of scanning lines
arranged on the first substrate, (¢) a plurality of signal lines
arranged on the first substrate (f) a plurality of first switches
arranged at intersections of the scanning lines and the signal
lines, (g) a plurality of pixel electrodes each electrically
connected to each of the first switches, (h) a plurality of
opposing electrodes each arranged in parallel with each of
the pixel electrodes, and (i) a signal line driver which
switches a first voltage for driving a positive pole and a
second voltage for driving a negative pole at a predeter-
mined interval in accordance with a gradation, and outputs
the positive or negative driving voltage to the signal lines,
the signal line driver compensating for the first and second
voltages such that averages of the first and second voltages
in each of gradations are different from one another, the
signal line driver including (i-1) a memory storing first and
second voltages having been compensated for in each of
gradations, (i-2) a driving voltage detector which receives
the first and second voltages in a digital form from the
memory, in association with a gradation to be displayed, and
outputs the thus received digital first and second voltages,
and (i-3) a digital-analog converter which receives the
digital first and second voltages from the driving voltage
detector, converts the thus received digital first and second
voltages into analog first and second voltages, and outputs
the analog first and second voltages.

[0023] There is still yet further provided a liquid crystal
display device includes (a) a first substrate, (b) a second
substrate, () a liquid crystal layer sandwiched between the
first and second substrates, (d) a plurality of scanning lines
arranged on the first substrate, (¢) a plurality of signal lines
arranged on the first substrate, (f) a plurality of first switches
arranged at intersections of the scanning lines and the signal
lines, (g) a plurality of pixel electrodes each electrically
connected to each of the first switches, (h) a plurality of
opposing electrodes each arranged in parallel with each of
the pixel electrodes, and (i) a signal line driver which
switches a first voltage for driving a positive pole and a
second voltage for driving a negative pole at a predeter-
mined interval in accordance with a gradation, and outputs
the positive or negative driving voltage to the signal lines,
the signal line driver compensating for the first and second
voltages such that averages of the first and second voltages
in each of gradations are different from one another, the
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signal line driver including (i-1) a driving voltage supplier
which generates a driving voltage in accordance with a
gradation to be displayed, (i-2) a compensation supplier
which generates a compensation voltage associated with the
gradation, and (i-3) an adder which adds the driving voltage
transmitted from the driving voltage supplier and the com-
pensation voltage transmitted from the compensation sup-
plier to each other.

[0024] There is further provided a liquid crystal display
device includes (a) a first substrate, (b) a second substrate,
(c) a liquid crystal layer sandwiched between the first and
second substrates, (d) a plurality of scanning lines arranged
on the first substrate, (¢) a plurality of signal lines arranged
on the first substrate (f) a plurality of first switches arranged
at intersections of the scanning lines and the signal lines, (g)
a plurality of pixel electrodes each electrically connected to
cach of the first switches, (h) a plurality of opposing
electrodes each arranged in parallel with each of the pixel
electrodes, (i) a signal line driver which switches a first
voltage for driving a positive pole and a second voltage for
driving a negative pole at a predetermined interval in
accordance with a gradation, and outputs the positive or
negative driving voltage to the signal lines, and (j) a light
source positioned at the opposite side of the liquid crystal
layer about the first substrate, and (k) a brightness detector
which detects a brightness of light emitted from the light
source, the signal line driver compensating for the first and
second voltages such that averages of the first and second
voltages in each of gradations are different from one another,
the signal line driver including a compensator which further
compensates for the compensated first and second voltages,
based on the brightness detected by the brightness detector.

[0025] Tt is preferable that the signal line driver compen-
sates for the first and second voltages by adding a compen-
sation voltage to the first and second voltages, the compen-
sation voltage V1 being defined in accordance with the
following equation:

Vi=Vx(-6.66x 10 x(X-0.47))

[0026] wherein V indicates a compensation voltage to be
obtained when the brightness is maximum, and X indicates
the brightness detected by the brightness detector.

[0027] For instance, the brightness detector may be
designed to detect a current to be supplied to the light source,
in place of the brightness.

[0028] Tt is preferable that the compensator compensates
for the compensated first and second voltages by adding a
compensation voltage to the compensated first and second
voltages, the compensation voltage V1 being defined in
accordance with the following equation:

Vi=Vx(0.22x(X+2.0))

[0029] wherein V indicates a compensation voltage to be
obtained when the brightness is maximum, and X indicates
the current detected by the brightness detector.

[0030] There is further provided a liquid crystal display
device includes (a) a first substrate, (b) a second substrate,
(c) a liquid crystal layer sandwiched between the first and
second substrates, (d) a plurality of scanning lines arranged
on the first substrate, () a plurality of signal lines arranged
on the first substrate, (f) a plurality of opposing electrode
lines arranged on the first substrate, (g) a plurality of first
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switches arranged at intersections of the scanning lines and
the signal lines, (h) a plurality of second switches each
positioned in the vicinity of each of the first switches, (i) a
plurality of pixel electrodes each electrically connected to
cach of the first switches, and (k) a plurality of opposing
electrodes each electrically connected to each of the second
switches and cach arranged substantially in parallel with
each of the pixel electrodes.

[0031] In another aspect of the present invention, there is
provided a method of driving a liquid crystal display device
includes (a) a first substrate, (b) a second substrate, (c) a
liquid crystal layer sandwiched between the first and second
substrates, (d) a plurality of scanning lines arranged on the
first substrate, (¢) a plurality of signal lines arranged on the
first substrate, (f) a plurality of first switches arranged at
intersections of the scanning lines and the signal lines, (g) a
plurality of pixel electrodes each electrically connected to
cach of the first switches, and (h) a plurality of opposing
electrodes each arranged in parallel with each of the pixel
electrodes, the method includes the steps of (a) compensat-
ing for first and second voltages such that averages of the
first and second voltages in each of gradations are different
from one another, and (b) outputting the thus compensated
first and second voltages to the signal lines.

[0032] Ttispreferable that the first and second voltages are
compensated for in the step (a) such that an average of the
first and second voltages is smaller in a higher gradation.

[0033] Ttispreferable that the first and second voltages are
compensated for in the step (a) such that a difference
between an average of positive and negative voltages to be
applied to the pixel electrode in association with a gradation
and a voltage of the opposing electrode associated with the
pixel electrode is kept. substantially constant irrespective of
the gradation.

[0034] The method may further include the step of apply-
ing such a voltage to the opposing electrodes that a flicker
is not allowed to occur in a display where pixels displaying
intermediate gradation and pixels displaying black are alter-
nately arranged.

[0035] Itis preferable that the first and second voltages are
compensated for in the step (a) such that a difference
between an average of the first and second voltages, asso-
ciated with a maximum gradation, and an average of the first
and second voltages, associated with a minimum gradation,
is in the range of =1.0 to 0.0 volts both inclusive, preferably
in the range of -0.9 to 0.2 volts both inclusive, and more
preferably in the range of =0.5 to —=0.3 volts both inclusive
The method may further include the step of generating first
and second reference driving voltages both compensated for
in each of gradations, and associated with at least one
specific gradation, and wherein the step (a) includes the
steps of receiving at least one pair of the first and second
reference driving voltages from the reference driving volt-
age supplier, and calculating and outputs the first and second
reference driving voltages associated with a gradation to be
displayed, based on the received first and second reference
driving voltages.

[0036] The method may further include the step of gen-
erating first and second reference driving voltages both
compensated for in each of gradations, and wherein the step
(a) includes the steps of receiving the first and second
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reference driving voltages from the reference driving volt-
age supplier, and selecting and outputs first and second
reference driving voltages associated with a gradation to be
displayed, among the received first and second reference
driving voltages.

[0037] For instance, the step (a) may be designed to
include the steps of storing first and second voltages having
been compensated for in each of gradations, receiving the
first and second voltages in a digital form, in association
with a gradation to be displayed, outputting the thus received
digital first and second voltages, receiving the digital first
and second voltages, converting the thus received digital
first and second voltages into analog first and second volt-
ages, and outputting the analog first and second voltages.

[0038] For instance, the step (a) may be designed to
include the steps of generating a driving voltage in accor-
dance with a gradation to be displayed, generating a com-
pensation voltage associated with the gradation, and adding
the driving voltage and the compensation voltage to each
other.

[0039] The method may further include the steps of detect-
ing a brightness of a light reaching the liquid crystal layer,
and compensating for the first and second voltages both
having been once compensated for, based on the brightness
detected by the brightness detector.

[0040] The advantages obtained by the aforementioned
present invention will be described hereinbelow.

[0041] In accordance with the present invention, first and
second voltages to be applied to signal lines are compen-
sated for such that averages of the first and second voltages
in each of gradations are different from one another. This
makes it possible to avoid variance in a liquid crystal
capacity, caused by variance in a gradation, and variance in
field-through caused by a leakage current in thin film
transistors. As a result, the present invention can prevent
flickers in a display screen even if any images are displayed,
and ensure high quality in displayed images.

[0042] The above and other objects and advantageous
features of the present invention will be made apparent from
the following description made with reference to the accom-
panying drawings, in which like reference characters des-
ignate the same or similar parts throughout the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] FIG 1 is an exploded perspective view of a liquid
crystal display device.

[0044] FIG. 2 is a plan view of a pixel in a liquid crystal
display panel.
[0045] FIG. 3 is a cross-sectional view taken along the

line III-II in FIG. 2.

[0046] FIG. 4A is a cross-sectional view of a pixel,
illustrating alignment of liquid crystal molecules when pixel
and opposing electrodes are identical to each other with
respect to a voltage.

[0047] FIG. 4B is a cross-sectional view of a pixel,
illustrating alignment of liquid crystal molecules when pixel
and opposing electrodes are different from each other with
respect to a voltage.
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[0048] FIG. 4C is a plan view of the pixel illustrated in
FIG. 4A.

[0049] FIG. 4D is a plan view of the pixel illustrated in
FIG. 4B.

[0050] FIG. 5 is a circuit diagram of a pixel in a liquid
crystal display panel.

[0051] FIG. 6is a graph showing a relation between a gate
voltage and a drain voltage in a thin film transistor to which
a light is radiated.

[0052] FIG. 7 illustrates a display pattern in which black-
displaying pixels B and white-displaying pixels W are
arranged in a checker pattern.

[0053] FIG. 8A illustrates a waveform of drain voltage in
a high gradation.

[0054] FIG. 8B illustrates a waveform of drain voltage in
a low gradation.

[0055] FIGS. 9A and 9D show variation in a field-through
voltage.
[0056] FIG. 10 illustrates a dc field generated towards an

opposing electrode from a pixel electrode.

[0057] FIG. 11 illustrates a residual field.

[0058] FIG. 12 illustrates electric charges remaining in
pixels.

[0059] FIG. 13A illustrates a frame when a brightness is
reduced.

[0060] FIG. 13B illustrates a frame when a brightness is
increased.

[0061] FIG. 14 illustrates a waveform obtained by com-

pensating for a waveform of a voltage to be applied to signal
lines such that averages of voltages to be applied to pixel
electrodes are equal to one another in high and low grada-
tion.

[0062] FIG. 15 is a block diagram of a liquid crystal
display device in accordance with the first embodiment.

[0063] FIG. 16 illustrates a table of reference driving
voltages Val to Va8 in the first embodiment.

[0064] FIG. 17 is a graph showing a relation between a
gradation and reference driving voltages in accordance with
the table illustrated in FIG. 16.

[0065] FIG. 18 illustrates a table of reference driving
voltages Val to Va8 in a conventional liquid crystal display
device.

[0066] FIG. 19 is a graph showing a relation between a
gradation and reference driving voltages in accordance with
the table illustrated in FIG. 18.

[0067] FIG. 20 is a block diagram of a liquid crystal
display device in accordance with the second embodiment.

[0068] FIG. 21 is a block diagram of a liquid crystal
display device in accordance with the third embodiment.

[0069] FIG. 22 is a block diagram of a liquid crystal
display device in accordance with the fourth embodiment.

[0070] FIG. 23 is a block diagram of a liquid crystal
display device in accordance with the fifth embodiment.
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[0071] FIG. 24 is a plan view of a pixel in a liquid crystal
display device in accordance with the fifth embodiment.

[0072] FIG. 25is a plan view of a pixel in a liquid crystal
display device in accordance with the sixth embodiment.

[0073] FIG. 26 is a cross-sectional view taken along the
line XXVI-XXVI in FIG. 26.

[0074] FIG. 27 is a block diagram of a liquid crystal
display device in accordance with the sixth embodiment.

[0075] FIG. 28 is a table showing preferable reference
driving voltages and gradation compensation in each of
gradations in a case where a backlight is in a minimum
brightness.

[0076] FIG. 29 is a graph showing a relation between a
brightness and a gradation compensation in 255 gradations.

[0077] FIG. 30 is a block diagram of a liquid crystal
display device in accordance with the seventh embodiment.

[0078] FIG. 31 is a plan view of a pixel in a liquid crystal
display device in accordance with the eighth embodiment.

[0079] FIG. 32 is a cross-sectional view taken along the
line XXXII-XXXII in FIG. 31.

[0080] FIG. 33 is a table showing measurement results in
the liquid crystal display device in accordance with the first
embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0081] Before describing the liquid crystal display devices
in accordance with the embodiments of the present inven-
tion, at first, a structure and an operation of an in-plane
switching type liquid crystal display device in which a field
is generated in parallel with substrates is explained herein-
below, and then, the reason why flickers are generates is
explained.

[0082] FIG. 1 is an exploded perspective view of a liquid
crystal display device. As illustrated in FIG. 1, a liquid
crystal display device is generally comprised of a first
polarizing plate 500, a second polarizing plate 502, a liquid
crystal display panel 501 sandwiched between the first and
second polarizing plates 500 and 502, and a backlight unit
503 which emits a light to the liquid crystal display panel
501 through the second polarizing plate 602.

[0083] The liquid crystal display panel 501 is explained
hereinbelow with reference to FIGS. 2 and 3. FIG. 2 is a
plan view of a pixel in the liquid crystal display 501, and
FIG. 3 is a cross-sectional view taken along the line ITI-III
in FIG. 2.

[0084] Opposing electrodes 601 and scanning lines 602
are formed in a predetermined pattern on a lower substrate,
that is, a first transparent insulating substrate 605. For
instance, the first transparent insulating substrate 605 is
comprised of a glass substrate. An interlayer insulating film
606 is formed on the first transparent insulating substrate
605 covering the opposing electrodes 601 and the scanning
lines 602 therewith. On the interlayer insulating film 606 are
formed pixel electrodes 600 and signal lines 604 both in a
pattern. The signal line 604 is electrically connected to the
pixel electrode 600 through an island-shaped amorphous
silicon film 603. A passivation film 607 is formed on the
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interlayer insulating film 606 covering the pixel electrodes
600 and the signal lines 604 therewith. An alignment film
608 is formed on the passivation film 607. The second
polarizing plate 502 is adhered to a lower surface of the first
transparent insulting substrate 603.

[0085] Black matrix layers 610 are formed on a lower
surface of an upper substrate, that is, a second transparent
insulating substrate 609. The second transparent insulating
substrate 609 is composed of glass, for instance. The black
matrix layers 610 disallow an incident light coming through
the second transparent insulating substrate 609 to directly
reach a thin film transistor, and act as a light-impermeable
layer for preventing a light from leaking from a region which
is located between the scanning line 602, the signal line 604
and a display area, and which does not contribute to dis-
playing.

[0086] Between the black matrix layers 610 are formed
color layers 611 defining color filters. The black matrix
layers 610 and the color layers 611 are covered with an
overcoating layer 612. The overcoating layer 612 is covered
with an alignment film 608. The second transparent insu-
lating substrate 609 is covered at its upper surface with an
electrically conductive transparent film (not illustrated), and
the first polarizing plate 500 is adhered to the electrically
conductive transparent film.

[0087] The first and second transparent insulating sub-
strates 605 and 609 are kept spaced away from each other at
a fixed distance by means of spacers 613 with a liquid crystal
layer 614 being hermetically sealed between the alignment
films 608. Liquid crystal in the liquid crystal layer 614 is
designed to have a low resistance, for instance, 4.5x10"° Q
cm or smaller, in order to avoid afterimages which are
produced when the same pattern is displayed for a long time.

[0088] A thin film transistor is fabricated in the island-
shaped amorphous silicon film 603. The island-shaped
amorphous silicon film 603 is formed on the interlayer
insulating film 606 which is formed on the first transparent
insulating substrate 605. Impurity such as phosphorus is
doped into the island-shaped amorphous silicon film 603 by
plasma-cnhanced chemical vapor deposition (CVD), for
instance, to thereby form source and drain regions. The
signal line 604 is electrically connected to the drain region,
and the pixel electrode 600 is clectrically connected to the
source region.

[0089] Hereinbelow is explained alignment of liquid crys-
tal molecules found when a predetermined voltage is applied
to the pixel electrode 600 through the signal line 604, with
reference to FIGS. 4A, 4B, 4C and 4D. FIG. 4A is a
cross-sectional view of a pixel, illustrating alignment of
liquid crystal molecules when the pixel and opposing elec-
trodes 600 and 601 are identical to each other with respect
to a voltage, and FIG. 4C is a plan view of the pixel
illustrated in FIG. 4A. FIG. 4B is a cross-sectional view of
a pixel, illustrating alignment of liquid crystal molecules
when the pixel and opposing electrodes 600 and 601 are
different from each other with respect to a voltage, and FIG.
4D is a plan view of the pixel illustrated in FIG. 4B.

[0090] As illustrated in FIGS. 4A and 4C, when the pixel
and opposing electrodes 600 and 601 have the same voltage,
a voltage is not applied thereacross, and hence, there is not
generated a field.
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[0091] In contrast, as illustrated in FIGS. 4B and 4D,
when the pixel and opposing electrodes 600 and 601 have
different voltages from each other, a voltage is applied
thereacross, and hence, there is generated a field in accor-
dance with the applied voltage, as indicated with an arrow
A. As aresult, alignment of liquid crystal molecules is varied
as illustrated in FIGS. 4B and 4D, whereas alignment of
liquid crystal molecules is varied as illustrated in FIGS. 4A
and 4C when no voltage is applied across the pixel and
opposing electrodes 600 and 601.

[0092] As mentioned above, in the in-plane switching type
liquid crystal display device, a voltage determined in accor-
dance with a gradation to be displayed is applied across the
pixel electrode 600 and the opposing electrode 601 to
thereby produce a field between the pixel and opposing
electrodes 600 and 601 in parallel with the substrates 605
and 609, and alignment of liquid crystal molecules is varied
in accordance with the thus produced field. Thus, optical
characteristics of liquid crystal molecules are controlled for
displaying images at a desired gradation.

[0093] Hereinbelow is explained a circuit defining a pixel
in the liquid crystal display pane 501, with reference to FIG.
5.

[0094] As illustrated in FIG. 5, liquid crystal may be
represented with an equivalent circuit including a liquid
crystal capacity Clc, a storage capacity Cst electrically
connected to the liquid crystal capacity Cle in parallel, and
a liquid crystal resistance Rlc electrically connected to both
the liquid crystal capacity Clc and the storage capacity Cst
in parallel. The equivalent circuit is electrically connected
between the pixel electrode 600 and the opposing electrode
601.

[0095] A thin film transistor 700 has a source electrically
connected to the pixel electrode 600, a drain electrically
connected to the signal line 604, and a gate electrically
connected to the scanning line 602. A parasitic capacity Cgs
is equivalently formed between the gate and source of the
thin film transistor 700.

[0096] Tt is known that a voltage to be written into the
pixel electrode 600 from the signal line 604 when the thin
film transistor 700 is turned on is dropped by a certain
voltage when the thin film transistor 700 is turned off. This
voltage drop is caused by the parasitic capacity Cgs.

[0097] This phenomenon is called field-through. A voltage
drop Vp (hereinafter, referred to as “field-through voltage™)
is defined in accordance with the following equation.

Vp=Cgs/(Cgs+Cst+Clc)xAVg 1)

[0098] In the equation (1), Cgs indicates a capacity
between a gate electrode and a source electrode, Cst indi-
cates a storage capacity, Clc indicates a liquid crystal
capacity, and AVg indicates a variance in a gate voltage.

[0099] The liquid crystal capacity Clc varies in accordance
with alignment of liquid crystal molecules, that is, an
inclination angle of liquid crystal molecules relative to the
pixel electrodes, and varies more significantly than other
factors in the equation (1). Hence, the field-through voltage
Vp in each of gradations is different from one another.
Specifically, a field-through voltage Vp is smaller in a higher
gradation, and is greater in a lower gradation.
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[0100] Ttissaid that the field-through voltage Vp is caused
by the parasitic capacity Cgs between a gate and a source of
a thin film transistor. Specifically, the reason why the field-
through voltage Vp is generated is said that electric charges
charged in the liquid crystal capacity Clc and the storage
capacity Cst when the thin film transistor 700 is turned on
are distributed again to the capacities when the thin film
transistor 700 is turned off.

[0101] Not only the above-mentioned field-through volt-
age, but also a leakage current in a thin film transistor causes
variance in a voltage of the pixel electrode 600.

[0102] FIG. 6 shows a relation between a gate voltage and
a drain current in the thin film transistor 700 to which a light
is radiated. In FIG. 6, “L” indicates a leakage current when
a voltage for driving a positive pole is maintained in a high
gradation, “M” indicates a leakage current when a driving
voltage is maintained in a low gradation, and “N” indicates
a leakage current when a voltage for driving a negative pole
is maintained in a high gradation.

[0103] As is obvious in view of FIG. 6, a leakage current
in the thin film transistor 700 is dependent on a voltage of
a pixel electrode, that is, a gradation, and is dependent
further on whether a frame is a positive or negative one in
a high gradation.

[0104] Herein, it is assumed that a checker pattern illus-
trated in FIG. 7 in which black-displaying pixels B and
white-displaying pixels W are alternately arranged is dis-
played by dot inversion drive.

[0105] FIG. 8A illustrates a waveform of an input signal
associated with the white-displaying pixel W, and FIG. 8B
illustrates a waveform of an input signal associated with the
black-displaying pixel B.

[0106] In FIG. 8A, a waveform Vdl indicates a drain
voltage which is applied to a drain of the thin film transistor
700 through the signal line 604, and a waveform V1
indicates a voltage to be actually written into the pixel
electrode 600. The voltage indicated by the waveform V1 is
influenced by the field-through voltage, and hence, is made
lower than the drain voltage Vd1 by a field-through voltage
Vdl. A waveform Vavl indicates an average voltage to be
written into the pixel electrode 600 in the white-displaying
pixel W.

[0107] Similarly, in FIG. 8B, a waveform Vd2 indicates a
drain voltage which is applied to a drain of the thin film
transistor 700 through the signal line 604, and a waveform
V2 indicates a voltage to be actually written into the pixel
electrode 600. The voltage indicated by the waveform V2 is
influenced by the field-through voltage, and hence, is made
lower than the drain voltage Vd2 by a field-through voltage
Vp2. A waveform Vav2 indicates an average voltage to be
written into the pixel electrode 600 in the black-displaying
pixel B.

[0108] In FIGS. 8A and 8B, Vcom indicates a voltage of
the opposing electrode 601, and is constant wholly in the
liquid crystal display panel.

[0109] As will be understood in view of FIGS. 8A and
8B, the average voltage Vav2 is lower than the average
voltage Vavl by a voltage Vr.

[0110] The voltages indicated by the waveforms V1 and
V2, to be written into the pixel electrodes 600, illustrated in
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FIGS. 8A and 8B, can be represented with waveforms
illustrated in FIGS. 9A and 9B, taking the above-mentioned
leakage current in the thin film transistor into consideration.

[0111] That is, the pixel electrode voltages V1 and V2 to
be written into the pixel electrode 600 are influenced by the
leakage current in the thin film transistor, and varied accord-
ingly. As a result, both the average voltages Vavl, and Vav2
are increased. However, since a degree of increase is
remarkably varied in dependence on a gradation, a differ-
ence Vr between the average voltages V1 and V2 becomes
greater. In other words, a difference Vr between the average
voltages, caused by the field-through voltage and the leak-
age current both caused by the parasitic capacity is greater
than the difference Vr between the average voltages, caused
only by the field-through voltage caused by the parasitic
capacity.

[0112] If average voltages in the pixel electrodes 600 are
different from one another in each of pixels, this means that
a dc voltage is kept applied to the pixels.

[0113] For instance, it is assumed that an average pixel
voltage written into a pixel electrode in a pixel displaying
images at a low gradation is a reference voltage. Under this
assumption, a voltage written into a pixel electrode in a pixel
displaying images at a high gradation is equal to a sum of a
voltage which is to be originally written into a pixel elec-
trode and the voltage Vr. Accordingly, even if voltages for
positive and negative poles are applied to the pixel electrode,
the dc voltage Vr is kept applied to the pixel electrode,
resulting in that a de field is generated towards the opposing
electrode 601 to the pixel electrode 600, as illustrated in
FIG. 10.

[0114] In an in-plane switching type liquid crystal display
device, liquid crystal having a small resistance is used in
order to reduce after-images. Accordingly, electric charges
exist in a liquid crystal layer, and those electric charges are
made to move by the above-mentioned de field. As a result,
a residual field which cancels the dc field is generated in the
white-displaying pixel W, as illustrated in FIG. 11, resulting
in that a residual field is generated in each of pixels, as
illustrated in FIG. 12.

[0115] If a picture plane is switched into another picture
plane where all pixels are displayed in the same gradation
with de field being residual in the pixels, the residual field
and a newly written voltage are canceled each other in a
frame such as one illustrated in FIG. 13A, resulting in that
the picture plane becomes dark. In contrast, the residual field
and a newly written voltage are added to each other in a
frame such as one illustrated in FIG. 13B, resulting in that
a picture plane becomes bright.

[0116] For instance, assuming that the frame illustrated in
FIG. 13A is a K-th frame and the frame illustrated in FIG.
13B is a M-th frame wherein K is an odd number and M is
an even number, those frames are switched at a high rate.

[0117] This causes repetition of brightness and darkness at
a high rate on a picture plane. A viewer would take this
phenomenon as if a picture plane flickers. This is the reason
why flickers occur in a picture plane.

[0118] The reason why flickers occur has been explained
above by selecting a checker pattern as illustrated in FIG. 7
as an example in which flickers occur most remarkably in a
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picture plane. However, it should be noted that flickers
would occur, when images are displayed in different grada-
tions for a certain period of time, and thereafter, images are
displayed in all pixels in the same gradation.

[0119] Though the above-mentioned case relates to the dot
inversion drive, flickers would occur even if a liquid crystal
display device is driven in accordance with line inversion
drive. In the dot inversion drive, since a voltage written into
a pixel electrode is inverted in each of pixels, flickers would
occur most remarkably, when a checker pattern as illustrated
in FIG. 7 is displayed, and thereafter, an image is displayed
in all the pixels in the same gradation. In contrast, since a
voltage written into a pixel electrode is inverted by every
line in the line inversion drive, flickers would occur most
remarkably when a horizontal stripe pattern is displayed in
a picture plane, and thereafter, an image is displayed in all
the pixels in the same gradation.

[0120] As mentioned above, the inventor has found out
that flickers would occur in a picture plane, if averages of
voltages to be applied to pixel electrodes are different from
one another in each gradations. In order to eliminate factors
which cause such flickers as mentioned above, the inventor
presented a liquid crystal display device in which a drive
voltage to be output to signal lines is controlled such that a
difference between an average of positive and negative pole
voltages to be written into the pixel electrode 600 and a
voltage of the opposing electrode 601 is substantially con-
stant, irrespective of a gradation in which a certain image is
displayed in a picture plane.

[0121] Preferred embodiments in accordance with the
present invention will be explained hereinbelow with refer-
ence to drawings.

[0122] [First Embodiment]

[0123] FIG. 15 is a block diagram of a liquid crystal
display device in accordance with the first embodiment of
the present invention. It is assumed hereinbelow that the
liquid crystal display device displays an image in 256
gradations, and is driven in accordance with the dot inver-
sion drive.

[0124] The liquid crystal display device in accordance
with the first embodiment has a structure of a conventional
liquid crystal display device, and further includes a grada-
tion data transmitter 1, a circuit 2 for driving signal lines, a
circuit 3 for driving scanning lines, and a circuit 4 for
supplying a reference driving voltage.

[0125] The gradation data transmitter 1 outputs data
indicative of a gradation to be displayed, to each of the
pixels.

[0126] The signal line driving circuit 2 receives gradation
data from the gradation data transmitter 1, generates a
voltage in accordance with the gradation data, and outputs
the voltage to an associated signal line 604 at a predeter-
mined timing.

[0127] The scanning line driving circuit 3 successively
drives the scanning lines 602 at predetermined timings.
When the scanning line 602 is driven, the thin film transistor
700 located at an intersection of the scanning line 602 and
the signal line 604 is turned on, and a voltage output to the
signal line 604 is supplied to the pixel electrode 600 elec-
trically connected to a source of the thin film transistor 700.
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[0128] The liquid crystal display panel 601 in the first
embodiment is comprised of a plurality of the pixels illus-
trated in FIGS. 2 and 3, arranged in a matrix.

[0129] The reference driving voltage supplying circuit 4
generates 16 reference driving voltages including reference
voltages Val to Va8 for driving positive poles (hereinafter,
a reference voltage for driving a positive pole is referred to
as “a positive pole driving voltage™) and reference voltages
Val to Va8 for driving negative poles (hereinafter, a refer-
ence voltage for driving a negative pole is referred to as “a
negative pole driving voltage”), by dividing a base voltage
with resistors R1 to R17 electrically connected between the
base voltage and a ground. The reference driving voltage
supplying circuit 4 transmits the reference voltages Val to
Va8 to a driving voltage calculator 20 constituting the signal
line driving circuit 2.

[0130] The positive and negative pole driving voltages to
which the same number is assigned, such as the positive pole
driving voltage Val and the negative pole driving voltage
Val, are treated as a pair of driving voltages for displaying
one gradation. This is because, since the liquid crystal
display device in accordance with the first embodiment is
driven in accordance with the dot inversion drive, the
positive and negative pole driving voltages are required to
display one gradation.

[0131] Hereinbelow, the term “reference driving voltage”
indicates both the positive and negative pole driving volt-
ages. For instance, the term “the reference driving voltage
Val” indicates both the positive pole driving voltage Val
and the negative pole driving voltage Val.

[0132] FIG. 16 shows an example of the reference driving
voltages Val to Va8 in the first embodiment. FIG. 17
illustrates a curve showing a relation between a gradation
and a reference driving voltage, indicated in FIG. 16. FIG.
18 shows an example of conventional reference driving
voltages Val to Va8, and FIG. 19 illustrates a curve showing
a relation between a gradation and a reference driving
voltage, indicated in FIG. 18.

[0133] As shown in FIGS. 18 and 19, averages of the
conventional reference driving voltages are always equal to
5.8V Accordingly, a difference Vr in voltage between an
average of the positive and negative pole driving voltages
associated with a maximum gradation, that is, an average of
the positive pole driving voltage Val and the negative pole
driving voltage Val associated with 256 gradation, and an
average of the positive and negative pole driving voltages
associated with a minimum gradation, that is, an average of
the positive pole driving voltage Va8 and the negative pole
driving voltage Va8 associated with 0 gradation is equal to
0.0V, as will be obvious in view of FIG. 19.

[0134] In contrast, the reference driving voltages Val to
Va8 in the first embodiment are compensated for such that
averages of the positive and negative pole driving voltages
are different from each other in each gradations, as shown in
FIGS. 16 and 17. Furthermore, the reference driving volt-
ages Val to Va8 are further compensated for such that an
average of the positive and negative pole driving voltages is
smaller in a higher gradation. How much degree the refer-
ence driving voltages Val to Va8 are compensated for is
shown as gradation compensation in FIG. 16.

[0135] By compensating for the reference driving volt-
ages, averages of pixel electrode voltages in each gradations,
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that is, averages of the positive and negative pole driving
voltages to be applied to the pixel electrode 600 in each of
gradations are equalized to one another.

[0136] In the first embodiment, a difference Vdr in voltage
between an average of the positive and negative pole driving
voltages associated with a maximum gradation, that is, an
average of the positive pole driving voltage Val and the
negative pole driving voltage Val associated with 255
gradation, and an average of the positive and negative pole
driving voltages associated with a minimum gradation, that
is, an average of the positive pole driving voltage Va8 and
the negative pole driving voltage Va8 associated with 0
gradation is set in the range of -1.0 to 0.0 volts both
inclusive.

[0137] Namely, the reference driving voltages Val to Va8
are determined so as to satisfy the following equation (2).

~1.0V<Vdr<0.0V ©

[0138] Vdr=(positive pole driving voltage Val+negative
pole driving voltage Val)/2—(positive pole driving voltage
Va8+negative pole driving voltage Va8) /2

[0139] The voltage difference Vdr is preferably in the
range of -0.9 to -0.2 volts both inclusive, and more pref-
erably in the range of 0.5 to 0.3 volts both inclusive.

[0140] This is because the field-through voltage Vp
becomes smaller in a higher gradation, and becomes greater
in a lower gradation, as illustrated in FIGS. 8A and $B.

[0141] FIG. 16 shows an example of the compensation in
each of gradations, the positive pole driving voltage Val to
Va8, and the negative pole driving voltage Val to Va8 in the
case that a difference in voltage between an average of the
positive and negative pole driving voltages associated with
a maximum gradation and an average of the positive and
negative pole driving voltages associated with a minimum
gradation is set equal to —0.5V.

[0142] The reference driving voltage supplying circuit 4
generates the above-mentioned reference driving voltages
Val to Va8 including the gradation compensation, and
outputs the reference driving voltages Val to Va8 to the
driving voltage calculator 20.

[0143] The driving voltage calculator 20 generates driving
voltages defined by the gradation data transmitted from the
gradation data transmitter 1, based on the reference driving
voltages Val to Va8 supplied from the reference driving
voltage supplying circuit 4, and outputs the thus generated
driving voltages to the associated signal lines 604 at a
predetermined timing.

[0144] The reference driving voltage supplying circuit 4
supplies the reference driving voltages Val to Va8 associated
with only 8 level gradations, as illustrated in FIG. 16.
Hence, a gradation which is not associated with the refer-
ence driving voltages Val to Va8 is produced by interpolat-
ing the 8-level reference driving voltages Val to Va$.

[0145] For instance, if the driving voltage calculator 20
receives the gradation 192 from the gradation data trans-
mitter 1, the driving voltage calculator 20 selects the refer-
ence driving voltage Va4 associated the gradation 192, and
outputs the positive and negative pole driving voltages
associated with the reference driving voltage Va4, to the
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signal line 604, as the driving voltage calculator 20 switches
the positive and negative pole driving voltages to each other
at a predetermined timing.

[0146] If the driving voltage calculator 20 reccives the
gradation 200 from the gradation data transmitter 1, the
driving voltage calculator 20 selects the reference driving
voltage Va3 associated the gradation 240 and the reference
driving voltage Va4 associated the gradation 192, and gen-
erates a driving voltage associated with the gradation 200, in
accordance with the following equation (3).

Viad+(Va3- V)< (200-192)/(240-192) ©)

[0147] Thus, even if the reference driving voltage supply-
ing circuit 4 does not generate driving voltages associated
with all 256 gradations, the driving voltage calculator 20 can
generate driving voltages associated with 256 gradations by
interpolating the limited number of the reference driving
voltages supplied from the reference driving voltage sup-
plying circuit 4.

[0148] Though the 8-level reference driving voltages Val
to Va8 are prepared in the first embodiment, the number of
the prepared reference driving voltages is not to be limited
to eight. If the number of the prepared reference driving
voltages were increased over &, it would be possible to
display an image in a more accurate gradation. If the number
of the prepared reference driving voltages is decreased
below 8, it would be possible to simplify a structure of the
reference driving voltage supplying circuit 4.

[0149]

[0150] FIG. 20 is a block diagram of a liquid crystal
display device in accordance with the second embodiment of
the present invention.

[0151] The liquid crystal display device in accordance
with the second embodiment is structurally identical with
the liquid crystal display device in accordance with the first
embodiment except that the reference driving voltage sup-
plying circuit 4-1 generates driving voltages associated with
all gradations, that is, 256 level gradations. Accordingly, the
reference driving voltage supplying circuit 4-1 in the second
embodiment generates totally 512 level voltages including
256 level positive pole driving voltages and 266 level
negative pole driving voltages.

[0152] The signal line driving circuit 2 in the second
embodiment is designed to include a driving voltage selector
21 in place of the driving voltage calculator 20. The driving
voltage selector 21 selects a driving voltage identified with
the gradation data received from the gradation data trans-
mitter 1, among the reference driving voltages supplied from
the reference driving voltage supplying circuit 4-1, and
outputs the thus selected driving voltage to the associated
signal line 604.

[0153] In the second embodiment, similarly to the first
embodiment, a difference Vdr in voltage between an average
of the positive and negative pole driving voltages associated
with a maximum gradation and an average of the positive
and negative pole driving voltages associated with a mini-
mum gradation is set in the range of -1.0 to 0.0 volts both
inclusive, preferably in the range of 0.9 to -0.2 volts both
inclusive, and more preferably in the range of -0.5 to 0.3
volts both inclusive.

[Second Embodiment]
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[0154] Furthermore, the reference driving voltages are
selected such that an average of the positive and negative
pole driving voltages is smaller in a higher gradation.

[0155] In accordance with the second embodiment, since
the positive and negative driving voltages are generated in
association with each of gradations, it would be possible to
generate a driving voltage more accurately than the first
embodiment.

[0156] [Third Embodiment]

[0157] FIG. 21 is a block diagram of a liquid crystal
display device in accordance with the third embodiment.

[0158] The signal line driving circuit 2 in the third
embodiment is comprised of a driving voltage detector 22,
a look-up table 23 comprised of a read only memory (ROM),
and a digital-analog (D/A) converter 24.

[0159] The look-up table 23 stores data about the positive
and negative pole driving voltages associated with each
gradations. Specifically, the look-up table 23 stores therein
totally 512 level driving voltages in digital form in associa-
tion with each gradation data, which driving voltages
include the positive and negative pole driving voltages
generated by the reference driving voltage supplying circuit
4-1 in the second embodiment in association with all gra-
dations, that is, 256 level gradations.

[0160] The driving voltage detector 22 retrieves a driving
voltage associated with the gradation data transmitted from
the gradation data transmitter 1, in the look-up table 23, and
outputs the thus retrieved digital driving voltage to the D/A
converter 24. The D/A converter 24 converts the digital
driving voltage into an analog form, and then, outputs the
analog driving voltage to the associated signal line 604.

[0161] In accordance with the third embodiment, since a
driving voltage is treated as digital data, it would be possible
to simplify a structure of the signal line driving circuit 2, and
fabricate the same in a smaller size.

[0162] [Fourth Embodiment]

[0163] FIG. 22 is a block diagram of a liquid crystal
display device in accordance with the fourth embodiment.

[0164] The signal line driving circuit 2 in the fourth
embodiment is comprised of a non-compensated driving
voltage generator 25, a compensation generator 26, and an
adder 27.

[0165] In the above-mentioned first to third embodiments,
the driving voltages having been compensated for in such a
manner as illustrated in FIG. 16 are used as the reference
driving voltages. In contrast, driving voltages having not
been compensated for, as illustrated in FIG. 18 are used in
the fourth embodiment.

[0166] Specifically, the non-compensated driving voltage
generator 25 outputs driving voltages which are not com-
pensated for unlike the reference driving voltages used in the
first to third embodiments, and the compensation generator
26 generates a compensation in association with each of
gradations. The adder 27 adds the driving voltages output
from the non-compensated driving voltage generator 25 and
the compensation output from the compensation generator
27 to each other to thereby transmit a driving voltage in
association with each gradation.
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[0167] In operation, the non-compensated driving voltage
generator 25 generates a driving voltage which is not yet
compensated for, in association with gradation data trans-
mitted from the gradation data transmitter 1, and outputs the
thus generated driving voltage to the adder 27. The com-
pensation generator 26 generates a voltage in accordance
with a compensation associated with gradation data trans-
mitted from the gradation data transmitter 1, and outputs the
thus generated voltage to the adder 27. The adder 27 adds the
driving voltage and the compensation voltage to each other,
and outputs the thus added voltages to the associated signal
line 604.

[0168] As a result, the driving voltages which have been
compensated for such that averages of the positive and
negative pole driving voltages to be applied to the pixel
electrode 600 in each of gradations are equal to one another,
are output to the signal line 603, similarly to the first to third
embodiments.

[0169] As mentioned above, the liquid crystal display
device in accordance with the fourth embodiment is
designed to include the circuit 26 for generating a compen-
sation associated with each gradation. The compensation is
added to a driving voltage which is not compensated for yet.
Since a compensation associated with the same gradation is
constant regardless of whether the compensation is added to
a positive or negative pole driving voltage, it would be
possible to simplify a structure of the signal line driving
circuit 2 relative to the signal line driving circuits 2 in the
first to third embodiments.

[0170] [Fifth Embodiment]

[0171] In the above-mentioned first to fourth embodi-
ments, a voltage between the opposing e¢lectrode 601 and the
pixel electrode 600 is compensated for by adding a com-
pensation associated with each gradation to a driving voltage
to be output to the signal line 604. In the fifth embodiment,
a voltage of the signal line 604 is not compensated for.
Instead, a second thin film transistor is formed in the
opposing electrode 601 for generating a field-through volt-
age, and a voltage at an opposing electrode line is applied to
the opposing electrode 601 through the second thin film
transistor. As a result, a field-through voltage between the
opposing electrode 601 and the pixel electrode 600 is
canceled with the above-mentioned field-through voltage.

[0172] FIG. 23 is a block diagram of a liquid crystal
display device in accordance with the fifth embodiment, and
FIG. 24 is a plan view of a pixel in the fifth embodiment.

[0173] As illustrated in FIGS. 23 and 24, the liquid
crystal display device in accordance with the fifth embodi-
ment is designed to include opposing electrode lines 61 in
the same number as a number of the scanning lines, and thin
film transistors 61 as the second switch in the vicinity of the
opposing electrode lines 61.

[0174] The thin film transistor 62 has a gate electrically
connected to the scanning line 602, a drain electrically
connected to the opposing electrode line 61, and a source
electrically connected to the opposing electrode 601. By
driving the scanning line 602, a voltage of the opposing
electrode line 61 is applied to the opposing electrode 601,

[0175] The opposing electrode 601 and the opposing elec-
trode line 61 are formed at the same layer as a layer in which
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the scanning line 602 is formed, and the thin film transistor
62 is electrically connected to the opposing electrode 602 by
forming a contact hole throughout a source electrode and
electrically connected to the opposing electrode line 61 by
forming a contact hole through a drain electrode.

[0176] The liquid crystal display device in accordance
with the fifth embodiment is designed to include the second
thin film transistor 62 to generate a field-through voltage at
the opposing electrode 601 which field-through voltage is
equal to the field-through voltage generated at the pixel
electrode 600. A voltage to be applied to the opposing
electrode line 61 through the second thin film transistor 62
is applied to the opposing electrode. Thus, when a voltage
drop occurs in a voltage of the pixel electrode 600, a voltage
drop also occurs at the second thin film transistor 62 by the
same magnitude. As a result, there does not occur a voltage
drop in the pixel electrode 600 due to the field-through
voltage with respect to a relative voltage in the pixel.

[0177] In accordance with the fifth embodiment, it is no
longer necessary to compensate for the positive and negative
pole driving voltages unlike the above-mentioned first to
fourth embodiments. Accordingly, it is no longer necessary
for the signal line driving circuit 2 to include a circuit for
compensating for the positive and negative pole driving
voltages. Thus, it would be possible to simplify the signal
line driving circuit 2, and fabricated the signal line driving
circuit 2 in a smaller size. This further ensures simplification
in a structure of the liquid crystal display device and a
smaller size of the same.

[0178] [Sixth Embodiment]

[0179] The above-mentioned first to fifth embodiments do
not refer to a brightness of backlight. However, a leakage
current in a thin film transistor is influenced by a brightness
of a light entering the thin film transistor. Thus, the, positive
and negative pole driving voltages are compensated for,
based on variance in a leakage current in the thin film
transistor 700 which variance is caused by a brightness of
backlight emitted from the backlight unit 503.

[0180] FIG. 25 is a partial plan view of a region in the
vicinity of the thin film transistor 700 in a pixel, and FIG.
26 is a cross-sectional view taken along the line XXVI-
XXVI in FIG. 25.

[0181] With reference to FIG. 26, the scanning line 602 is
formed on the first transparent insulating substrate 605 in a
certain pattern. An interlayer insulating film 606 is formed
on the first transparent insulating substrate 605 covering the
scanning line 602 therewith. On the interlayer insulating
film 606 is formed an island-shaped amorphous silicon film

603 having a greater width than a width of the scanning line
602.

[0182] By doping an impurity such as phosphorus, a
source region 30 and a drain region 31 are formed around the
island-shaped amorphous silicon film 603. The island-
shaped amorphous silicon film 603, the source region 30 and
the drain region 31 define the thin film transistor 700.

[0183] A protection insulating film 607 is formed on the
interlayer insulating film 606 covering the thin film transis-
tor 700 therewith.

[0184] In the sixth embodiment, the island-shaped amor-
phous silicon film 603 is designed to have a greater width
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than a width of the scanning line 602 formed therebelow.
Hence, a light emitted from the backlight unit 503 located
below the first transparent insulating substrate 605 partially
enters the island-shaped amorphous silicon film 603, as
illustrated with arrows F in FIG. 26. A light having entered
the island-shaped amorphous silicon film 603 produces
photo carriers in the island-shaped amorphous silicon film
603, and resultingly, a leakage current is generated. A
leakage current is generated in a greater amount, if a light
entering the island-shaped amorphous silicon film 603 had a
higher brightness.

[0185] In accordance with the sixth embodiment, a com-
pensation for a driving voltage is determined in dependence
on not only a field-through voltage, but also variance in a
leakage current in the thin film transistor 700 which variance
is caused by a brightness of a light entering the island-
shaped amorphous silicon film 603.

[0186] FIG. 27 is a block diagram of a liquid crystal
display device in accordance with the sixth embodiment.

[0187] The liquid crystal display device in accordance
with the sixth embodiment further includes a brightness
detecting circuit 8 for outputting brightness data, a bright-
ness adjusting circuit 9 for adjusting a brightness of back-
light, and an inverter circuit 10, in comparison with the
liquid crystal display device in accordance with the fourth
embodiment.

[0188] The brightness adjusting circuit 9 transmits a volt-
age determined in accordance with a designated brightness,
to the inverter circuit 10 to thereby adjust a brightness of
backlight emitted from the backlight unit 503.

[0189] The brightness detecting circuit 8 detects a bright-
ness of backlight emitted from the backlight unit 503.
Specifically, the brightness detecting circuit 8 detects a
current running through the inverter circuit 10, and transmits
the detected current to the compensation calculator 28 which
constitutes the signal line driving circuit 2. As the backlight
unit 503 emits a light having a higher brightness, the
brightness detecting circuit 8 detects a current in a greater
amount.

[0190] The compensation calculator 28 calculates a com-
pensation voltage Vi, based on gradation data transmitted
from the gradation data transmitter 1 and brightness data,
that is, a current running through the inverter 10, transmitted
from the brightness detecting circuit 8.

[0191] The compensation voltage Vi is defined in accor-
dance with the following equation (4).

Vi=Vx(0.22x(X+2.0)) Q)

[0192] In the equation (4), V indicates a compensation
voltage to be obtained when a brightness of a light emitted
from the backlight unit 503 is maximum, and X indicates a
current detected by the brightness detecting circuit 8.

[0193]

[0194] FIG. 28 shows examples of preferable compensa-
tion voltages to be applied to driving voltages when a light
emitted from the backlight unit 503 has a minimum bright-
ness, and reference driving voltages associated with the
compensation voltages.

[0195] As shown in FIG. 28, a compensation voltage
associated with gradation 2355 is equal to 0.3V Examples of

The equation (4) is established as follows.
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preferable compensation voltages to be applied to driving
voltages when a light emitted from the backlight unit 503
has a maximum brightness, and reference driving voltages
associated with the compensation voltages were shown in
FIG. 16. As shown in FIG. 16, a compensation voltage
associated with gradation 255 is equal to =0.5V.

[0196] When the backlight unit 503 emits a light having a
maximum brightness, the brightness detecting circuit 8
detects a current of 2.5 A. In contrast, when the backlight
unit 503 emits a light having a minimum brightness, the
brightness detecting circuit 8 detects a current of 0.7 A.

[0197] Since a brightness of backlight emitted from the
backlight unit 503 is in proportion to a compensation
voltage, there is obtained a relation between a brightness and
a compensation voltage, as illustrated in FIG. 29. That is, a
compensation voltage o 255 at gradation 255 in each
brightness is defined in accordance with the following
equation (5).

@255--0.11x(X+2.0) ©)

[0198] The equation (5) represents the line illustrated in
FIG. 29. In the equation (5), X indicates a current detected
by the brightness detecting circuit 8.

[0199] Since the relation defined by the equation (5)
remains the same in each of gradations, if a compensation
voltage V1 in each of gradations is calculated on the basis
of a maximum brightness, the compensation voltage V1 can
be obtained by dividing a 255 in the equation (5) by a
current detected when the backlight unit 503 emits a light
having a maximum brightness, that is, =0.5, and multiplying
the obtained quotient with a compensation voltage in each of
gradations obtained when the backlight unit 503 emits a
light having a maximum, brightness. Thus, there is obtained
the equation (4).

[0200] Hereinbelow is explained an operation of the liquid
crystal display device in accordance with the sixth embodi-
ment, with reference to FIG. 27. The reference driving
voltages and the compensation voltages illustrated in FIGS.
16 and 18 are used hereinbelow.

[0201] First, the gradation data transmitter 1 transmits data
about gradation 200 to both the non-compensated driving
voltage generator 25 and the compensation calculator 28
both constituting the signal line driving circuit 2. The
brightness detecting circuit 8 transmits brightness data of 1.7
A to the compensation calculator 28.

[0202] The non-compensated driving voltage generator 25
generates a positive pole driving voltage associated with
gradation 200, based on the reference driving voltage which
is not yet compensated for, illustrated in FIG. 18. A driving
voltage V., before being compensated for, associated with
gradation 200, is calculated as follows in accordance with
the equation (3).

Vip0=8.66+(9.41-8.66)x(200-192)/(240-192)=8.77 W
[0203] The non-compensated driving voltage generator 25

generates 8.77V in accordance with the calculation result,
and outputs the 8.77V to the adder 27.

[0204] The compensation calculator 28 calculates a com-
pensation voltage without considering a brightness of back-
light emitted from the backlight unit 503, based on the
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gradation data received from the gradation data transmitter
1, in accordance with the equation (3).

[0205] Thus, a compensation voltage Vi, associated with
gradation 200 at a maximum brightness is calculated in
accordance with the equation (3) and FIG. 16.

Vij0=—=0.3+(=0.4+0.3)x(200-192)/(240-192)=-0.32 W

[0206] Then, Vi in the equation (4) is replaced with the
thus calculated Vi,,, and X is replaced with a current of 1.7
A. The compensation voltage Vi is calculated as follows.

Vi=—0.32x(0.22x(1.7+2.0))=-0.26V

[0207] The compensation calculator 28 transmits the thus
calculated compensation voltage of =0.26 V to the adder 27.

[0208] The adder 27 adds 8.77 V transmitted from the
non-compensated driving voltage generator 25 and -0.26 V
transmitted from the compensation calculator 28 to each
other to thereby obtain 8.51 V, and outputs the thus obtained
8.51 V to the associated signal line 604 at a predetermined
timing.

[0209] In accordance with the sixth embodiment, it is
possible to accurately calculate a compensation voltage by
considering a brightness of backlight emitted from the
backlight unit 603, as an additional parameter.

[0210]

[0211] FIG. 30 is a block diagram of a liquid crystal
display device in accordance with the seventh embodiment.

[0212] Though the liquid crystal display device in accor-
dance with the seventh embodiment has almost the same
structure as that of the liquid crystal display device in
accordance with the sixth embodiment, the liquid crystal
display device in accordance with the seventh embodiment
detects a brightness of backlight emitted from the backlight
unit 503 in a different way from the sixth embodiment.

[0213] Whereas the brightness detecting circuit 8 detects a
current running through the inverter circuit 10, and transmits
the detected current to the compensation calculator 28 in the
sixth embodiment, the seventh embodiment includes a back-
light brightness detecting circuit 11 arranged at a surface of
the backlight unit 503 for measuring a brightness of back-
light.

[0214] A brightness of backlight detected by the backlight
brightness detecting circuit 11 is transmitted to a compen-
sation calculator 29. Similarly to the compensation calcula-
tor 28 in the sixth embodiment, the brightness calculator 29,
generates a compensation voltage in accordance with a
certain equation, and outputs the thus generated compensa-
tion voltage to the adder 27.

[0215] Hereinbelow is explained the equation in accor-
dance with which the brightness calculator 29 generates a
compensation voltage.

[0216] When the backlight unit 503 emits a light having a
maximum brightness, the brightness detecting circuit 11
detects a brightness of 8000 cd/m?, whereas when the
backlight unit 503 emits a light having a minimum bright-
ness, the brightness detecting circuit 11 detects a brightness
of 2000 cd/m®. When the backlight unit 503 emits a light
having a maximum brightness, the compensation voltage
associated with gradation 255 is equal to -0.5V, whereas
when the backlight unit 503 emits a Light having a minimum

[Seventh Embodiment]
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brightness, the compensation voltage associated with gra-
dation 266 is equal to —0.3V. Using these brightnesses and
voltages, similarly to the sixth embodiment, a compensation
voltage f§ 255 at gradation 266 in each gradation is calcu-
lated in accordance with the following equation (6).

B255=-3.33x107° xX-0.23 (6)

[0217] Assuming that a maximum brightness is a refer-
ence brightness, a compensation voltage Vi in which a
brightness of backlight emitted from the backlight unit 503
is defined in accordance with the following equation (7).

Vi=Vx(=6.66x10"°xX-0.47) @)

[0218] In the equation (7), V indicates a compensation
voltage in each gradation, to be obtained when a brightness
of a light emitted from the backlight unit 503 is maximum,
and X indicates a brightness detected by the brightness
detecting circuit 11.

[0219] The compensation generator 29 calculates the com-
pensation voltage Vi in accordance with the equation (7),
based on the brightness transmitted from the brightness
detecting circuit 11 and the gradation data transmitted from
the gradation data transmitter 1, and outputs the thus calcu-
lated compensation voltage Vi to the adder 27.

[0220] The adder 27 adds the driving voltage which is not
compensated for yet, transmitted from the non-compensated
driving voltage generator 25, and the compensation voltage
Vi transmitted from the compensation calculator 29 to each
other, and outputs the sum to the associated signal line 604
at a predetermined timing.

[0221] [Eighth Embodiment]

[0222] A liquid erystal display device in accordance with
the eighth embodiment is characterized in that a leakage
current in the thin film transistor 700 is prevented from
increasing due to a brightness of backlight emitted from the
backlight unit 503.

[0223] FIG. 31 is a partial plan view of an area in the
vicinity of the thin film transistor 700 in a pixel in the eighth
embodiment, and FIG. 32 is a cross-sectional view taken
along the line XXXII-XXXII in FIG. 31.

[0224] As illustrated in FIGS. 31 and 32, the scanning
line 602 is designed to have a width greater than a width of
the island-shaped amorphous silicon film 603 unlike the thin
film transistor 700 in accordance with the sixth embodiment,
illustrated in FIGS. 25 and 26. Accordingly, a light emitted
from the backlight unit 503 located below the first transpar-
ent insulating substrate 605 is all interrupted by the scanning
line 602, resulting in that a backlight does not enter the
island-shaped amorphous silicon film 603. This ensures that
photo carriers are not generated in the island-shaped amor-
phous silicon film 603, and hence, a leakage current is not
varied due to a brightness of a light emitted from the
backlight unit 503.

[0225] Accordingly, it is no longer necessary to calculate
a compensation voltage on the basis of a brightness of
backlight emitted from the backlight unit 503 unlike the
sixth and seventh embodiments. Thus, it would be possible
to accurately compensate for driving voltages without con-
sidering a brightness of backlight emitted from the backlight
unit 503 by applying the eighth embodiment to the liquid
crystal display devices in accordance with the above-men-
tioned first to fifth embodiments.
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[0226] In the eighth embodiment, the reference driving
voltages and the compensation voltages shown in FIG. 28
are used.

EXAMPLE 1

[0227] In Example 1, the liquid crystal display device in
accordance with the first embodiment was used. The voltage
difference Vdr between an average of the positive and
negative pole driving voltage associated with a maximum
gradation and an average of the positive and negative pole
driving voltage associated with a minimum gradation was
varied into six levels, specifically, -0.9V, -0.5V, -0.3V,
-0.1V, 0.0V and +0.3V, and a period of time during which
flickers occurred in a picture plane was measured in each of
the six level voltage differences. The backlight unit 503 was
designed to emit a light having a maximum brightness.

[0228] In Example 1, there were used “Digital spectrum
analyzer R9211E” commercially available from Advantest
Co., Ltd, and Digital Video-signal Generator VG826 com-
mercially available from Astrodesign Co., Ltd, as a mea-
surement unit.

[0229] In Example 1, a parasitic capacitance Cgs255 of
liquid crystal associated with gradation 255 was set equal to
15.6 {F, a parasitic capacitance Cgs0 of liquid crystal asso-
ciated with gradation 0 was set equal to 15.6 fF, a capaci-
tance Clc255 between gate and source electrodes associated
with gradation 255 was set equal to 75.5 fF, and a capaci-
tance Clc0 between gate and source electrodes associated
with gradation 0 was set equal to 58.8 fF. A storage capaci-
tance Cst was set equal to 95.2 fF. A driving voltage Vgon
for driving the scanning line 602 while ON was set equal to
19V, and a driving voltage Vgoff for driving the scanning
line 602 while OFF was sct equal to —~10V.

[0230] In accordance with the equation (1), the field-
through voltages Vp0 and Vp255 in pixels displaying
images at 0 and 255 gradations, respectively, are calculated
as follows.

[0231]
[0232]

[0233] Accordingly, a voltage difference Vdr between the
filed-through voltages is calculated as follows.

Vp0=-2.67V
Vp256=-2.43V

Vdr=Vp255-Vp0=-2.43-(-2.67)=0.24V

[0234] A picture pattern transmitted from Digital Video-
signal Generator VG826, as illustrated in FIG. 28 in which
pixel each displaying at O gradation and pixels each dis-
playing at 255 gradations are alternately arranged in a
matrix, was displayed for 30 seconds in the liquid crystal
display device in accordance with the first embodiment.
Thereafter, all the pixels were switched into a picture pattern
of green 127 gradation. Flickers occurring at this time in a
picture plane were detected by means of a photodiode
electrically connected to Digital Spectrum Analyzer
R9211E, and a time until a difference between a part having
a frequency of 30 Hz and a part having a frequency of 0.25
Hz became -40 db or smaller was measured. The thus
measured time was treated as a time during which flickers
occurred. A time during which flickers occurred was shown
in FIG. 33.

[0235] It is preferable that the above-mentioned voltage
difference Vdr is set smaller than -0.24V, taking influence
exerted by a leakage current in the thin film transistor 700
into consideration. However, if the voltage difference Vdr is
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smaller than -1.0V, the compensation voltage is over the
voltage difference, resulting in that a field is applied to a
pixel in the opposite direction. As a result, flickers in a
picture plane are deteriorated, and furthermore, there would
occur sticking due to application of a dc voltage.

[0236] Accordingly based on the above-mentioned condi-
tions and the results shown in FIG. 33, the voltage differ-
ence Vdr between an average of the positive and negative
pole driving voltages to be applied to the associated signal
line 604, associated with a maximum gradation, and an
average of the positive and negative pole driving voltages to
be applied to the associated signal line 604, associated with
a minimum gradation, is necessary to be in the range of
-1.0V to 0.0V both inclusive, preferably in the range of
-0.9V to -0.2V both inclusive, and most preferably in the
range of -0.5V to -0.3V both inclusive.

[0237] By setting the voltage difference Vdr in the above-
mentioned ranges, it would be possible to minimize a time
during which flickers occur in a picture plane.

[0238] The compensation voltages in each gradation to be
applied to the driving voltages when the voltage difference
Vdr was set equal to —0.5V were those as shown in FIG. 16.

EXAMPLE 2

[0239] In Example 2, the backlight unit 503 was designed
to emit a light having a minimum brightness, specifically, a
leakage current in the thin film transistor 700 was set equal
to one-fourth of a leakage current observed when the back-
light unit 503 emits a light having a maximum brightness,
and the voltage difference Vdr was set equal to 0.3V in the
liquid crystal display device in accordance with the first
embodiment. A period of time during which flickers
occurred in a picture plane was measured in the same way
as Example 1.

[0240] A period of time during which flickers occurred
was equal to or smaller than 3 seconds, which is a level a
view cannot recognize unless he/she is very careful about
flickers. The reference driving voltages in Example 2 were
those as shown in FIG. 28.

EXAMPLE 3

[0241] In Example 1, the liquid crystal display device in
accordance with the first embodiment was used. A voltage to
be applied to the opposing electrode 601 was varied, and a
period of time during which flickers occurred in a picture
plane was measured. The backlight unit 503 was designed to
emit a light having a maximum brightness.

[0242] 1In Example 3, there were used “Digital spectrum
analyzer R9211E” commercially available from Advantest
Co., Ltd, and Digital Video-signal Generator VG826 com-
mercially available from Astrodesign Co., Lid, as a mea-
surement unit, similarly to Example 1.

[0243] A picture pattern transmitted from Digital Video-
signal Generator VG826, as illustrated in FIG. 28 in which
pixel each displaying at O gradation and pixels each dis-
playing at green 127 gradations are alternately arranged in a
matrix, was displayed in the liquid crystal display device in
accordance with the, first embodiment. A magnitude of a
part having a frequency of 30 Hz was evaluated by com-
paring to a part having a frequency of 0.25 Hz, by means of
Digital Spectrum Analyzer R9211E.

[0244] Flickers were minimized when a voltage of the
opposing electrode 601 was set equal to 3.86V, and flickers
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in black brightness were minimized when a voltage of the
opposing electrode 601 was set equal to 3.70V. In addition,
a voltage of the opposing electrode 601 was shifted when a
voltage of the opposing electrode 601 was set equal to 3.50V

EXAMPLE 4

[0245] 1In Example 4, the liquid crystal display device in
accordance with the first embodiment was used. The voltage
difference Vdr was varied in the same way as Example 1,
and 3.70V, 3.86V and 3.50V were applied to the opposing
electrode 601 in each of the voltage differences Vdr. A
period of time during which flickers occurred in a picture
plane was measured in the same manner as Example 1. It
was checked whether flickers were different in dependence
of a voltage applied to the opposing electrode 601.

[0246] A period time during which flickers occurred was
identical to the results in Example 1 in each of cases where
different voltages were applied to the opposing electrode
601 in each of the voltage differences Vdr.

[0247] While the present invention has been described in
connection with certain preferred embodiments, it is to be
understood that the subject matter encompassed by way of
the present invention is not to be limited to those specific
embodiments. On the contrary, it is intended for the subject
matter of the invention to include all alternatives, modifi-
cations and equivalents as can be included within the spirit
and scope of the following claims.

[0248] The entire disclosure of Japanese Patent Applica-
tion No. 2000-245220 filed on Aug. 11, 2000 including
specification, claims, drawings and summary is incorporated
herein by reference in its entirety.

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

(a) a first substrate;
(b) a second substrate;

(c) a liquid crystal layer sandwiched between said first
and second substrates;

(d) a plurality of scanning lines arranged on said first
substrate;

(¢) a plurality of signal lines arranged on said first
substrate;

(f) a plurality of first switches arranged at intersections of
said scanning lines and said signal lines;

(2) a plurality of pixel electrodes each electrically con-
nected to each of said first switches;

(h) a plurality of opposing electrodes each arranged in
parallel with each of said pixel electrodes; and

(1) a signal line driver which switches a first voltage for
driving a positive pole and a second voltage for driving
a negative pole at a predetermined interval in accor-
dance with a gradation, and outputs said positive or
negative driving voltage to said signal lines, said signal
line driver compensating for said first and second
voltages such that averages of said first and second
voltages in each of gradations are different from one
another.

2. The liquid crystal display device as set forth in claim 1,
wherein said signal line driver compensates for said first and
second voltages such that an average of said first and second
voltages is smaller in a higher gradation.

Sep. 12, 2002

3. The liquid crystal display device as set forth in claim 1,
wherein said signal line driver compensates for said first and
second voltages such that a difference between an average of
positive and negative voltages to be applied to said pixel
electrode in association with a gradation and a voltage of
said opposing electrode associated with said pixel electrode
is kept substantially constant irrespective of said gradation.

4. The liquid crystal display device as set forth in claim 1,
wherein such a voltage is applied to said opposing electrodes
that a flicker is not allowed to occur in a display where pixels
displaying intermediate gradation and pixels displaying
black are alternately arranged.

5. The liquid crystal display device as set forth in claim 1,
wherein said signal line driver compensates for said first and
second voltages such that a difference between an average of
said first and second voltages, associated with a maximum
gradation, and an average of said first and second voltages,
associated with a minimum gradation, is in the range of -1.0
to 0.0 volts both inclusive.

6. The liquid crystal display device as set forth in claim 1,
wherein said signal line driver compensates for said first and
second voltages such that a difference between an average of
said first and second voltages, associated with a maximum
gradation, and an average of said first and second voltages,
associated with a minimum gradation, is in the range of -0.9
to -0.2 volts both inclusive.

7. The liquid crystal display device as set forth in claim 1,
wherein said signal line driver compensates for said first and
second voltages such that a difference between an average of
said first and second voltages, associated with a maximum
gradation, and an average of said first and second voltages,
associated with a minimum gradation, is in the range of -0.5
to -0.3 volts both inclusive.

8. The liquid crystal display device as set forth in claim 1,
further comprising a light barrier which does not allow a
light to reach said first switches.

9. The liquid crystal display device as set forth in claim 1,
wherein liquid crystal in said liquid crystal layer has a
specific, resistance in the range of 45x10° Q cm and
2.0x10" Q cm both inclusive.

10. The liquid crystal display device as set forth in claim
9, wherein liquid crystal in said liquid crystal layer has a
specific, resistance in the range of 3.0x10" @ cm and
1.0x10" Q cm both inclusive.

11. The liquid crystal display device as set forth in claim
10, wherein liquid crystal in said liquid crystal layer has a
specific resistance in the range of 5 Ox10" Q cm and
2.0x10" Q cm both inclusive.

12. A liquid crystal display device comprising:
(2) a first substrate;
(b) a second substrate,

(c) a liquid crystal layer sandwiched between said first
and second substrates;

(d) a plurality of scanning lines arranged on said first
substrate;

(e) a plurality of signal lines arranged on said first
substrate;

(f) a plurality of first switches arranged at intersections of
said scanning lines and said signal lines;
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(2) a plurality of pixel electrodes each electrically con-
nected to each of said first switches;

(h) a plurality of opposing clectrodes each arranged in
parallel with each of said pixel electrodes;

(i) a signal line driver which switches a first voltage for
driving a positive pole and a second voltage for driving
a negative pole at a predetermined interval in accor-
dance with a gradation, and outputs said positive or
negative driving voltage to said signal lines; and

(j) a reference driving voltage supplier which generates
first and second reference driving voltages both com-
pensated for in each of gradations, and associated with
at least one specific gradation,

said signal line driver compensating for said first and
second voltages such that averages of said first and
second voltages in each of gradations are different from
one another,

said signal line driver including a driving voltage calcu-
lator which receives at least one pair of said first and
second reference driving voltages from said reference
driving voltage supplier, and calculates and outputs
said first and second reference driving voltages asso-
ciated with a gradation to be displayed, based on the
received first and second reference driving voltages.

13. The liquid crystal display device as set forth in claim
12, wherein said signal line driver compensates for said first
and second voltages such that at average of said first and
second voltages is smaller in a higher gradation.

14. The liquid crystal display device as set forth in claim
12, wherein said signal line driver compensates for said first
and second voltages such that a difference between an
average of positive and negative voltages to be applied to
said pixel electrode in association with a gradation and a
voltage of said opposing electrode associated with said pixel
electrode is kept substantially constant irrespective of said
gradation.

15. The liquid crystal display device as set forth in claim
12, wherein such a voltage is applied to said opposing
electrodes that a flicker is not allowed to occur in a display
where pixels displaying intermediate gradation and pixels
displaying black are alternately arranged.

16. The liquid crystal display device as set forth in claim
12, wherein said signal line driver compensates for said first
and second voltages such that a difference between an
average of said first and second voltages, associated with a
maximum gradation, and an average of said first and second
voltages, associated with a minimum gradation, is in the
range of -1.0 to 0.0 volis both inclusive.

17. The liquid crystal display device as set forth in claim
12, wherein said signal line driver compensates for said first
and second voltages such that a difference between an
average of said first and second voltages, associated with a
maximum gradation, and au average of said first and second
voltages, associated with a minimum gradation, is in the
range of -0.9 to -0.2 volts both inclusive.

18. The liquid crystal display device as set forth in claim
12, wherein said signal line driver compensates for said first
and second voltages such that a difference between an
average of said first and second voltages, associated with a
maximum gradation, and an average of said first and second
voltages, associated with a minimum gradation, is in the
range of -0.5 to -0.3 volts both inclusive.
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19. The liquid crystal display device as set forth in claim
12, further comprising a light barrier which does not allow
a light to reach said first switches.

20. The liquid crystal display device as set forth in claim
12, wherein liquid crystal in said liquid crystal layer has a
specific, resistance in the range of 45x10*° Q cm and
2.0x10" € cm both inclusive.

21. The liquid crystal display device as set forth in claim
20, wherein liquid crystal in said liquid crystal layer has a
specific resistance in the range of 3.0x10" Q@ cm and
1.0x10" Q cm both inclusive.

22. The liquid crystal display device as set forth in claim
21, wherein liquid crystal in said liquid crystal layer has a
specific resistance in the range of 5 0x10™ Q cm and
2.0x10 & cm both inclusive.

23. A liquid crystal display device comprising:

(2) a first substrate;
(b) a second substrate;

(c) a liquid crystal layer sandwiched between said first
and second substrates;

(d) a plurality of scanning lines arranged on said first
substrate;

(e) a plurality of signal lines arranged on said first
substrate;

(f) a plurality of first switches arranged at intersections of
said scanning lines and said signal lines;

(g) a plurality of pixel electrodes each electrically con-
nected to each of said first switches;

(h) a plurality of opposing electrodes each arranged in
parallel with each of said pixel electrodes;

(1) a signal line driver which switches a first voltage for
driving a positive pole and a second voltage for driving
a negative pole at a predetermined interval in accor-
dance with a gradation, and outputs said positive or
negative driving voltage to said signal lines; and

(j) a reference driving voltage supplier which generates
first and second reference driving voltages both com-
pensated for in each of gradations,

said signal line driver compensating for said first and
second voltages such that averages of said first and
second voltages in each of gradations are different from
one another,

said signal line driver including a driving voltage selector
which receives said first and second reference driving
voltages from said reference driving, voltage supplier,
and selects and outputs first and second reference
driving voltages associated with a gradation to be
displayed, among the received first and second refer-
ence driving voltages.

24. The liquid crystal display device as set forth in claim
23, wherein said signal line driver compensates for said first
and second voltages such that an average of said first and
second voltages is smaller in a higher gradation.

25. The liquid crystal display device as set forth in claim
23, wherein said signal line driver compensates for said first
and second voltages such that a difference between an
average of positive and negative voltages to be applied to
said pixel electrode in association with a gradation and a
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voltage of said opposing electrode associated with said pixel
electrode is kept substantially constant irrespective of said
gradation.

26. The liquid crystal display device as set forth in claim
23, wherein such a voltage is applied to said opposing
electrodes that a flicker is not allowed to occur in a display
where pixels displaying intermediate gradation and pixels
displaying black are alternately arranged.

27. The liquid crystal display device as set forth in claim
23, wherein said signal line driver compensates for said first
and second voltages such that a difference between an
average of said first and second voltages, associated with a
maximum gradation, and an average of said first and second
voltages, associated with a minimum gradation, is in the
range of =1.0 to 0.0 volis both inclusive.

28. The liquid crystal display device as set forth in claim
23, wherein said signal line driver compensates for said first
and second voltages such that a difference between an
average of said first and second voltages, associated with a
maximum gradation, and an average of said first and second
voltages, associated with a minimum gradation, is in the
range of -0.9 to -0.2 volts both inclusive.

29. The liquid crystal display device as set forth in claim
23, wherein said signal line driver compensates for said first
and second voltages such that a difference between an
average of said first and second voltages, associated with a
maximum gradation, and an average of said first and second
voltages, associated with a minimum gradation, is in the
range of -0.5 to -0.3 volts both inclusive.

30. The liquid crystal display device as set forth in claim
23, further comprising a light barrier which does not allow
a light to reach said first switches.

31. The liquid crystal display device as set forth in claim
23, wherein liquid crystal in said liquid crystal layer has a
spec1ﬁc resistance in the range of 4.5x10™° © cm and
2.0x10" Q cm both inclusive.

32. The liquid crystal display device as set forth in claim
31, wherein liquid crystal in said liquid crystal layer has a
specific resistance in the range of 3. 0x10™ Q cm and
1.0x10" Q em both inclusive.

33. The liquid crystal display device as set forth in claim
32, wherein liquid crystal in said liquid crystal layer has a
specific resistance in the range of 5. 0x10" Q cm and
2.0x10" Q cm both inclusive.

34. A liquid crystal display device comprising:

(a) a first substrate;
(b) a second substrate;

(c) a liquid crystal layer sandwiched between said first
and second substrates;

(d) a plurality of scanning lines arranged on said first
substrate;

(e) a plurality of signal lines arranged on said first
substrate;

(f) a plurality of first switches arranged at intersections of
said scanning lines and said signal lines;

(g) a plurality of pixel electrodes each electrically con-
nected to each of said first switches;

(h) a plurality of opposing clectrodes each arranged in
parallel with each of said pixel electrodes; and
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(1) a signal line driver which switches a first voltage for
driving a positive pole and a second voltage for driving
a negative pole at a predetermined interval in accor-
dance with a gradation, and outputs said positive or
negative driving voltage to said signal lines,

said signal line driver compensating for said first and
second voltages such that averages of said first and
second voltages in each of gradations are different from
one another,

said signal line driver including:

(i-1) a memory storing first and second voltages having
been compensated for in each of gradations;

(i-2) a driving voltage detector which receives said first
and second voltages in a digital form from said
memory, in association with a gradation to be dis-
played, and outputs the thus received digital first and
second voltages; and

(i-3) a digital-analog converter which receives said
digital first and second voltages from said driving
voltage detector, converts the thus received digital
first and second voltages into analog first and second
voltages, and outputs said analog first and second
voltages.

35. The liquid crystal display device as set forth in claim
34, wherein said signal line driver compensates for said first
and second voltages such that an average of said first and
second voltages is smaller in a higher gradation.

36. The liquid crystal display device as set forth in claim
34, wherein said signal line driver compensates for said first
and second voltages such that a difference between an
average of positive and negative voltages to be applied to
said pixel electrode in association with a gradation and a
voltage of said opposing electrode associated with said pixel
electrode is kept substantially constant irrespective of said
gradation.

37. The liquid crystal display device as set forth in claim
34, wherein such a voltage is applied to said opposing
electrodes that a flicker is not allowed to occur in a display
where pixels displaying intermediate gradation and pixels
displaying black are alternately arranged.

38. The liquid crystal display device as set forth in claim
34, wherein said signal line driver compensates for said first
and second voltages such that a difference between an
average of said first and second voltages, associated with a
maximum gradation, and an average of said first and second
voltages, associated with a minimum gradation, is in the
range of =1.0 to 0.0 volts both inclusive.

39. The liquid crystal display device as set forth in claim
34, wherein said signal line driver compensates for said first
and second voltages such that a difference between an
average of said first and second voltages, associated with a
maximum gradation, and an average of said first and second
voltages, associated, with a minimum gradation, is in the
range of -0.9 to -0.2 volts both inclusive.

40. The liquid crystal display device as set forth in claim
34, wherein said signal line driver compensates for said first
and second voltages such that a difference between an
average of said first and second voltages, associated with a
maximum gradation, and an average of said first and second
voltages, associated with a minimum gradation, is in the
range of -0.5 to -0.3 volts both inclusive.
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41. The liquid crystal display device as set forth in claim
34, further comprising a light barrier which does not allow
a light to reach said first switches.

42. The liquid crystal display device as set forth in claim
34, wherein liquid crystal in said liquid crystal layer has a
specific_ resistance in the range of 4. 5%10'° Q cm and
2.0x10" Q cm both inclusive.

43. The liquid crystal display device as set forth in claim
42, wherein liquid crystal in said liquid crystal layer has a
specific resistance in the range of 3. 0x10™ Q cm and
1.0x10" Q em both inclusive.

44. The liquid crystal display device as set forth in claim
43, wherein liquid crystal in said liquid crystal layer has a
specific resistance in the range of 5. 0x10" Q cm and
2.0x10" Q cm both inclusive.

45. A liquid crystal display device comprising:

(a) a first substrate;
(b) a second substrate;

(c) a liquid crystal layer sandwiched between said first
and second substrates;

(d) a plurality of scanning lines arranged on said first
substrate;

(¢) a plurality of signal lines arranged on said first
substrate;

(f) a plurality of first switches arranged at intersections of
said scanning lines and said signal lines;

(2) a plurality of pixel electrodes each electrically con-
nected to each of said first switches;

(h) a plurality of Opposing electrodes each arranged in
parallel with each of said pixel electrodes; and

(1) a signal line driver which switches a first voltage for
driving a positive pole and a second voltage for driving
a negative pole at a predetermined interval in accor-
dance with a gradation, and outputs said positive or
negative driving voltage to said signal lines,

said signal line driver compensating for said first and
second voltages such that averages of said first and
second voltages in each of gradations are different from
one another,

said signal line driver including:

(i-1) a driving voltage supplier which generates a
driving voltage in accordance with a gradation to be
displayed;

(i-2) a compensation supplier which generates a com-
pensation voltage associated with said gradation; and

(i-3) an adder which adds said driving voltage trans-
mitted from said driving voltage supplier and said
compensation voltage transmitted from said com-
pensation supplier to each other.

46. The liquid crystal display device as set forth in claim
45, wherein said signal line driver compensates for said first
and second voltages such that an average of said first and
second voltages is smaller in a higher gradation.

47. The liquid crystal display device as set forth in claim
45, wherein said signal line driver compensates for said first
and second voltages such that a difference between an
average of positive and negative voltages to be applied to
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said pixel electrode in association with a gradation and a
voltage of said opposing electrode associated with said pixel
electrode is kept substantially constant irrespective of said
gradation.

48. The liquid crystal display device as set forth in claim
45, wherein such a voltage is applied to said opposing
electrodes that a flicker is not allowed to occur in a display
where pixels displaying intermediate gradation and pixels
displaying black are alternately arranged.

49. The liquid crystal display device as set forth in claim
45, wherein said signal line driver compensates for said first
and second voltages such that a difference between an
average of said first and second voltages, associated with a
maximum gradation, and an average of said first and second
voltages, associated with a minimum gradation, is in the
range of -1.0 to 0.0 volts both inclusive.

50. The liquid crystal display device as set forth in claim
45, wherein said signal line driver compensates for said first
and second voltages such that a difference between an
average of said first and second voltages, associated with a
maximum gradation, and an average of said first and second
voltages, associated with a minimum gradation, is in the
range of 0.9 to -0.2 volts both inclusive.

51. The liquid crystal display device as set forth in claim
45, wherein said signal line driver compensates for said first
and second voltages such that a difference between an
average of said first and second voltages, associated with a
maximum gradation, and an average of said first and second
voltages, associated with a minimum gradation, is in the
range of -0.5 to -0.3 volts both inclusive.

52. The liquid crystal display device as set forth in claim
45, further comprising a light barrier which does not allow
a light to reach said first and second switches.

53. The liquid crystal display device as set forth in claim
45, wherein liquid crystal in said liquid crystal layer has a
specific resistance in the range of 4. 5x10"° Q cm and
2.0x10" Q cm both inclusive.

54. The liquid crystal display device as set forth in claim
53, wherein liquid crystal in said liquid crystal layer has a
specific_resistance in the range of 3. 0x10"° Q cm and
1.0x10" Q cm both inclusive.

55. The liquid crystal display device as set forth in claim
54, wherein liquid crystal in said liquid crystal layer has a
specific resistance in the range of 5. 0x10" Q cm and
2.0x10" Q cm both inclusive.

56. A liquid crystal display device comprising:

(a) a first substrate;
(b) a second substrate;

(c) a liquid crystal layer sandwiched between said first
and second substrates;

(d) a plurality of scanning lines arranged on said first
substrate;

(e) a plurality of signal lines arranged on said first
substrate;

(f) a plurality of first switches arranged at intersections of
said scanning lines and said signal lines;

(g) a plurality of pixel electrodes each electrically con-
nected to each of said first switches;

(h) a plurality of opposing electrodes each arranged in
parallel with each of said pixel electrodes;
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(1) a signal line driver which switches a first voltage for
driving a positive pole and a second voltage for driving
a negative pole at a predetermined interval in accor-
dance with a gradation, and outputs said positive or
negative driving voltage to said signal lines; and

() a light source positioned at the opposite side of said
liquid crystal layer about said first substrate; and

(k) a brightness detector which detects a brightness of
light emitted from said light source,

said signal line driver compensating for said first and
second voltages such that averages of said first and
second voltages in each of gradations are different from
one another,

said signal line driver including a compensator which
further compensates for said compensated first and
second voltages, based on said brightness detected by
said brightness detector.

57. The liquid crystal display device as set forth in claim
56, wherein said signal line driver compensates for said first
and second voltages by adding a compensation voltage to
said first and second voltages,

said compensation voltage Vi being defined in accordance
with the following equation:

Vi=Vx(=6.66x10~°x(X=0.47))

wherein V indicates a compensation voltage to be
obtained when said brightness is maximum, and X
indicates said brightness detected by said brightness
detector.

58. The liquid crystal display device as set forth in claim
56, wherein said brightness detector detects a current to be
supplied to said light source, in place of said brightness.

59. The liquid crystal display device as set forth in claim
58, wherein said compensator compensates for said com-
pensated first and second voltages by adding a compensation
voltage to said compensated first and second voltages,

said compensation voltage Vi being defined in accordance
with the following equation:

Vi=Vx(0.22x (X+2.0))

wherein V indicates a compensation voltage to be
obtained when said brightness is maximum, and X
indicates said current detected by said brightness detec-
for.

60. The liquid crystal display device as set forth in claim
56, wherein said signal line driver compensates for said first
and second voltages such that an average of said first and
second voltages is smaller in a higher gradation.

61. The liquid crystal display device as set forth in claim
56, wherein said signal line driver compensates for said first
and second voltages such that a difference between an
average of positive and negative voltages to be applied to
said pixel electrode in association with a gradation and a
voltage of said opposing electrode associated with said pixel
electrode is kept substantial constant irrespective of said
gradation.

62. The liquid crystal display device as set forth in claim
56, wherein such a voltage is applied to said opposing
electrodes that a flicker is not allowed to occur in a display
where pixels displaying intermediate gradation and pixels
displaying black are alternately arranged.
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63. The liquid crystal display device as set forth in claim
56, wherein said signal line driver compensates for said first
and second voltages such that a difference between an
average of said first and second voltages, associated with a
maximum gradation, and an average of said first and second
voltages, associated with a minimum gradation, is in the
range of -1.0 to 0.0 volts both inclusive.

64. The liquid crystal display device as set forth in claim
56, wherein said signal line driver compensates for said first
and second voltages such that a difference between an
average of said first and second voltages, associated with a
maximum gradation, and an average of said first and second
voltages, associated with a minimum gradation, is in the
range of -0.9 to -0.2 volts both inclusive.

65. The liquid crystal display device as set forth in claim
56, wherein said signal line driver compensates for said first
and second voltages such that a difference between an
average of said first and second voltages, associated with a
maximum gradation, and an average of said first and second
voltages, associated with a minimum gradation, is in the
range of -0.5 to -0.3 volts both inclusive.

66. The liquid crystal display device as set forth in claim
56, further comprising a light barrier which does not allow
a light to reach said first and second switches.

67. The liquid crystal display device as set forth in claim
66, wherein liquid crystal in said liquid crystal layer has a
specific, resistance in the range of 45x10*° Q cm and
2.0x10" € cm both inclusive.

68. The liquid crystal display device as set forth in claim
67, wherein liquid crystal in said liquid crystal layer has a
specific resistance in the range of 3.0x10" Q cm and
1.0x10" © cm both inclusive.

69. The liquid crystal display device as set forth in claim
68, wherein liquid crystal in said liquid crystal layer has a
specific resistance in the range of 5 Ox10" @ cm and
2.0x10 Q cm both inclusive.

70. A liquid crystal display device comprising:
(2) a first substrate;
(b) a second substrate,

(c) a liquid crystal layer sandwiched between said first
and second substrates;

(d) a plurality of scanning lines arranged on said first
substrate;

(¢) a plurality of signal lines arranged on said first
substrate;

(f) a plurality of opposing electrode lines arranged on said
first substrate;

(g) a plurality of first switches arranged at intersections of
said scanning lines and said signal lines;

(h) a plurality of second switches each positioned in the
vicinity of each of said first switches;

(i) a plurality of pixel electrodes each electrically con-
nected to cach of said first switches; and

(k) a plurality of opposing electrodes each electrically
connected to each of said second switches and each
arranged substantially in parallel with each of said pixel
electrodes.
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71. The liquid crystal display device as set forth in claim
70, further comprising a light barrier which does not allow
a light to reach said first and second switches.

72. The liquid crystal display device as set forth in claim
70, wherein liquid crystal in said liquid crystal layer has a
specific_ resistance in the range of 4. 5%10'° Q cm and
2.0x10" Q cm both inclusive.

73. The liquid crystal display device as set forth in claim
72, wherein liquid crystal in said liquid crystal layer has a
specific resistance in the range of 3. 0x10™ Q cm and
1.0x10" Q em both inclusive.

74. The liquid crystal display device as set forth in claim
73, wherein liquid crystal in said liquid crystal layer has a
specific resistance in the range of 5. 0x10" Q cm and
2.0x10" Q cm both inclusive.

75. A method of driving a liquid crystal display device
comprising (a) a first substrate; (b) a second substrate; (c) a
liquid crystal layer sandwiched between said first and sec-
ond substrates; (d) a plurality of scanning lines arranged on
said first substrate; (e) a plurality of signal lines arranged on
said first substrate; (f) a plurality of first switches arranged
at intersections of said scanning lines and said signal lines;
(g) a plurality of pixel electrodes each electrically connected
to each of said first switches; and (h) a plurality of opposing
electrodes each arranged in parallel with each of said pixel
electrodes,

said method comprising the steps of:

(a) compensating for first and second voltages such that
averages of said first and second voltages in each of
gradations are different from one another; and

(b) outputting the thus compensated first and second
voltages to said signal lines.

76. The method as set forth in claim 75, wherein said first
and second voltages are compensated for in said step (a)
such that an average of said first and second voltages is
smaller in a higher gradation.

77. The method as set forth in claim 75, wherein said first
and second voltages are compensated for in said step (a)
such that a difference between an average of positive and
negative voltages to be applied to said pixel electrode in
association with a gradation and a voltage of said opposing
electrode associated with said pixel electrode is kept sub-
stantially constant irrespective of said gradation.

78. The method as set forth in claim 75, further compris-
ing the step of applying such a voltage to said opposing
electrodes that a flicker is not allowed to occur in a display
where pixels displaying intermediate gradation and pixels
displaying black are alternately arranged.

79. The method as set forth in claim 75, wherein said first
and second voltages are compensated for in said step (a)
such that a difference between an average of said first and
second voltages, associated with a maximum gradation, and
an average of said first and second voltages, associated with
a minimum gradation, is in the range of -1.0 to 0.0 volis
both inclusive.

80. The method as set forth in claim 75, wherein said first
and second voltages are compensated for in said step ()
such that a difference between an average of said first and
second voltages, associated with a maximum gradation, and
an average of said first and second voltages, associated with
a minimum gradation, is in the range of —0.9 to -0.2 volts
both inclusive.
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81. The method as set forth in claim 75, wherein said first
and second voltages axe compensated for in said step ()
such that a difference between an average of said first and
second voltages, associated with a maximum gradation, and
an average of said first and second voltages associated with
a minimum gradation, is in the range of 0.5 to 0.3 volts
both inclusive.

82. The method as set forth in claim 76, further compris-
ing the step of generating a first reference driving voltage for
driving a positive pole and a second reference driving
voltage for driving a negative pole both compensated for in
each of gradations, and associated with at least one specific
gradation, and wherein said step (a) includes the steps of
receiving at least one pair of said first and second reference
driving voltages from said reference driving voltage sup-
plier, and calculating and outputs said first and second
reference driving voltages associated with a gradation to be
displayed, based on the received first and second reference
driving voltages.

83. The method as set forth in claim 75, further compris-
ing the step of generating first and second reference driving
voltages both compensated for in each of gradations, and
wherein said step (a) includes the steps of receiving said first
and second reference driving voltages from said reference
driving voltage supplier, and selecting and outputs first and
second reference driving voltages associated with a grada-
tion to be displayed, among the received first and second
reference driving voltages.

84. The method as set forth in claim 76, wherein said step
(a) includes the steps of:

storing first and second voltages having been compen-
sated for in each of gradations;

receiving said first and second voltages in a digital form,
in association with a gradation to be displayed,

outputting tile thus received digital first and second volt-
ages;

receiving said digital first and second voltages;

converting the thus received digital first and second
voltages into analog first and second voltages; and

outputting said analog first and second voltages.
85. The method as set forth in claim 75, wherein said step
(a) includes the steps of:

generating a driving voltage in accordance with a grada-
tion to be displayed;

generating a compensation voltage associated with said
gradation; and

adding said driving voltage and said compensation volt-
age to each other.
86. The method as set forth in claim 75, further compris-
ing the steps of:

detecting a brightness of a light reaching said liquid
crystal layer; and

compensating for said first and second voltages both
having been once compensated for, based on said
brightness detected by said brightness detector.
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