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METHOD OF DRIVING A LIQUID CRYSTAL
DISPLAY

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a liquid crystal
display using a TFT, and more particularly to a method of
driving a liquid crystal.

[0002] FIG. 1 shows the structure of a conventional liquid
crystal display (LCD) using a Thin Film Transistor (TFT). A
thin film transistor element 1, a source line 2, a gate line 3,
a drain 4 and a pixel electrode 5 are formed on a glass
substrate 6 to form a TFT substrate. A counter electrode 7 is
formed on a glass substrate 8 to form an opposite substrate.
The TFT substrate and the opposed substrate are provided in
parallel with each other and a liquid crystal is interposed
between the TFT substrate and the opposite substrate.

[0003] FIG. 2 shows an equivalent circuit for one pixel of
FIG. 1.
[0004] InFIG.2, the reference numeral 9 denotes a source

signal to be applied to the source line 2 and the reference
numeral 10 denotes a gate signal to be applied to the gate
line 3. A symbol C_4 represents a coupling capacitance
between a gate and a drain, a symbol C,, represents a
coupling capacitance between a source and a drain, and a
symbol C,_ represents a coupling capacitance of a liquid
crystal interposed between a pixel electrode and a counter
electrode. C, represents a retaining capacitance formed to
enhance a retaining characteristic of a pixel and to improve
a picture quality.

[0005] FIG. 3 shows a waveform of a signal to be applied
to a pixel.
[0006] The source signal 9 is an alternating voltage having

an amplitude V_, in which a central electric potential V__ is
a median. The amplitude V_, corresponds to a gradation to
be displayed on a pixel. The gate signal 10 is set to the High
level (hereinafter referred to as “Hi” level) only for one
scanning period and to the Low level (hereinafter referred to
as “Lo” level) for other periods. The reference numeral 11
denotes a waveform representing an electric potential of the
pixel electrode 5.

[0007] First of all, when the gate signal 10 becomes the Hi
level in an odd frame 101 shown in FIG. 3, the electric
potential 11 of the pixel electrode 5 becomes have the level
of the source signal 9. When the gate signal 10 becomes the
Lo level, a voltage drop of AV, is generated on the electric
potential 11 of the pixel electrode 5 under the influence of
the coupling capacitance C,4 between the gate and the drain.
The voltage drop AV, is referred to as a feed-through
voltage and is expressed by the following equation (1):

AV =AVxCyf [(eH ACtC 4stCo) Equation (1)

[0008] wherein AV, represents an amount of voltage
change of the gate signal 10.

[0009] Then, the electric potential 11 of the pixel electrode
5 is held mainly by the retaining capacitance C, for one
frame.

[0010] When the gate signal 10 becomes the Hi level again
in a subsequent even frame 102, the electric potential 11 of
the pixel 5 becomes the level of the source signal 9. When
the gate signal 10 becomes the Lo level, a voltage drop AV 4
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is also generated. As described above, the voltage drop AV 4
is expressed by the equation (1).

[0011] On the other hand, a one-dotted chain line 12
shown in FIG. 3 indicates an electric potential of the counter
electrode 7, which is generally referred to as a common
signal. An electric potential of the common signal 12 can be
usually regulated by a variable resistor or the like which is
additionally provided, and the absolute values of a voltage
V., to be applied to the liquid crystal in the odd frame 101
and a voltage V, to be applied to the liquid crystal in the even
frame 102 are set to be equal to each other. At that time, the
electric potential of the common signal is referred to as an
optimum V__ .

[0012] In the LCD using a TFT method, generally, the
writing of positive and negative polarities is carried out at a
frequency of approximately 60 Hz. Accordingly, in the case
in which the absolute values of the voltage V, to be applied
to the liquid crystal in the odd frame and the voltage V., to
be applied to the liquid crystal in the even frame are not
equal to each other, so-called a flicker having a frequency of
approximately 30 Hz is observed.

[0013] Furthermore, in the case in which the absolute
values of the voltages V_ and V, are not set to be equal to
each other, the magnitudes of the alternating voltages to be
applied to the liquid crystal are not equal to each other with
positive and negative polarities. As a result, a DC voltage is
applied. At that time, as shown in FIG. 4, an electric charge
is moved in a direction of each electrode through the DC
voltage applied to a liquid crystal layer.

[0014] When the same image is displayed for a long time
in the LCD and another image is then displayed, a “sticking”
is caused, in which a residual DC is generated and a last
image remains as an afterimage.

[0015] In order to prevent “sticking” from causing,
accordingly, the electric potential of the common signal 12
is regulated to coincide with the center of the electric
potential 11 of the pixel electrode 5.

[0016] However, the coupling capacitance C,, caused by
the liquid crystal in the components of the equation (1) has
a dependency on an applied voltage. FIG. 5 shows the
relationship between a voltage applied to the liquid crystal
and the coupling capacitance C,. caused by the liquid
crystal. An axis of abscissa indicates an amplitude V, of the
source signal 9 as the voltage to be applied to the liquid
crystal and an axis of ordinate indicates the coupling capaci-
tance C,, caused by the liquid crystal. The value of the
coupling capacitance C,_ caused by the liquid crystal is
varied depending on the voltage to be applied to the liquid
crystal, that is, a gradation of an image to be displayed.

[0017] Accordingly, the feed-through voltage AV,
expressed in the equation (1) is not always constant but is
changed as shown in FIG. 6 depending on the amplitude V_,
of the source signal 9, that is, the gradation of the image to
be displayed.

[0018] Asis apparent from FIG. 6, in the case in which the
amplitude V, of the source signal 9 is great, that is, a
gradation close to a black color is to be displayed, the
feed-through voltage AV, is low. In the case in which the
amplitude V,, of the source signal 9 is small, that is, a
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gradation close to a white color is to be displayed, the
feed-through voltage AV, is high.

[0019] In order to make the absolute values of the voltage
V, to be applied to the liquid crystal in the odd frame and the
voltage V. to be applied to the liquid crystal in the even
frame to be equal to each other, it is necessary to set the
electric potential of the common signal 12 to be low during
a white display with a high feed-through voltage AV, and
to set the electric potential of the common signal 12 to be
high during a black display with a low feed-through voltage
AV, . This relationship is shown in FIG. 7.

[0020] In FIG. 7, an axis of abscissa indicates the ampli-
tude V_, of the source signal 9, that is, a gradation of an
image to be displayed, and an axis of ordinate indicates an
optimum electric potential V__ of the common signal. As is
apparent from FIG. 7, the optimum electric potential V___
of the common signal is varied every gradation. However,
the counter electrode 7 to which the common signal 12 is to
be applied is common over the whole region of a screen.
Accordingly, when different gradations are displayed in the
screen, there is always a pixel which is not given an
optimum electric potential V___ of the common signal and
a DC voltage is applied to cause “sticking”.

[0021] Inorder to compensate for the feed-through voltage
AV, to be varied depending on the gradation, therefore, an
offset compensation driving is used.

[0022] With reference to FIGS. 8 and 9, the principle of
the offset compensation driving will be described. As men-
tioned above, if the amplitude V_, of the source signal 9 is
small, the feed-through voltage AV, is high. Accordingly,
as shown in FIG. 8, the central electric potential V__ of the
source signal 9 is set to be high. On the other hand, if the
amplitude V,_, of the source signal 9 is large, the feed-
through voltage AV, is low. Accordingly, it is preferable
that there is no problem even if the central electric potential
V,, of the source signal 9 is low.

[0023] By setting the central electric potential V., of the
source signal 9 as shown in FIG. 8, the electric potential
V__of the common signal for causing the absolute values of
the voltage V to be applied to the liquid crystal in the odd
frame and the voltage V, to be applied to the liquid crystal
in the even frame to be equal to each other is almost
unchanged over all the gradations as shown in FIG. 9.
Accordingly, the electric potential of the common signal 12
to be applied to the counter electrode 7 is made coincident
with the electric potential V___, in FIG. 9. Consequently,
also in the case in which a gradation to be varied in each
region of a screen, there is no pixel to which the DC voltage
is to be applied and the “sticking” is not caused.

[0024] 1In the case in which the offset compensation driv-
ing is to be used, an offset compensation value is set by
selecting a position on a screen to obtain the optimum
central electric potential V_, for each gradation in that
position, that is, each amplitude V_, of the source signal 9.

[0025] However, the optimum central electric potential
V_for each amplitude V_, of the source signal 9 is varied
desi)ending on a position in the screen, which is considered
to be caused by the following reasons.

[0026] (1) The waveform of the gate signal 10 is varied
depending on a position in the screen. In the vicinity of an
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input section for the gate signal, the gate signal 10 has a
signal waveform close to an ideal rectangular wave in which
a rise and a fall are sharp. When a distance from the input
section for the gate signal is increased, the signal waveform
has a “rounded” rise and fall. Accordingly, the value of AV,
in the equation (1) is apparently reduced in a position kept
apart from the input section for the gate signal. Therefore,
the feed-through voltage AV, is also varied in each position
of the screen.

[0027] (2) In general, the retaining capacitance C, has an
uneven distribution depending on the position in the screen.
Accordingly, the feed-through voltage AV, expressed by
the equation (1) is also varied in each position of the screen.

[0028] (3) The characteristic of the liquid crystal is not
uniform over the whole screen. For this reason, the coupling
capacitance C, of the liquid crystal also has a distribution
depending on the position in the screen. Accordingly, the
feed-through voltage AV, expressed by the equation (1) is
also varied in each position of the screen.

[0029] For the above-mentioned reasons, the optimum
central electric potential V_ for each amplitude V_, of the
source signal 9, that is, the offset compensation value is
varied depending on the position in the screen. Accordingly,
even if the offset compensation value is set in a certain
position of the screen as in the prior art, the set value is not
optimum in other positions. Therefore, the “sticking” is
generated.

SUMMARY OF THE INVENTION

[0030] As a result of studying the “sticking” for various
LCDs, the following conclusion has been drawn.

[0031] A first aspect of the present invention is directed to
a method of driving a liquid crystal display, where said
liquid crystal display comprising:

[0032] two substrates which are opposed to ecach
other in such a manner that a liquid crystal layer is
interposed between said two substrates;

[0033] a source line, to which source signals are fed,
said source line being provided on one of said two
substrates;

[0034] a gate line, to which gate signals are fed, said
gate line being provided on said one of said two
substrates;

[0035] aTFT element connected with said source line
and said gate line;

[0036] a pixel electrode connected with a drain of
said TFT element;
[0037] a counter electrode, to which common signals

of direct or alternating current is applied, said
counter electrode being provided on the other one of
said two substrates;

[0038] wherein an amplitude of said source signals is
varied so as to vary an electric potential of said pixel
electrode, whereby a potential difference between
said pixel electrode and said counter electrode is
varied to change an alignment of liquid crystal
molecules, so that gradation displayed on a pixel is
controlled;
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[0039] wherein a central electric potential of com-
mon signals applied on said counter electrode can be
set to compensate a reduction of an electric potential
of said pixel electrode induced by changing an
electric potential of the gate signals;

[0040] wherein a central electric potential of said
source signals can be varied every gradations to
compensate a reduction of an electric potential
induced by said gate signals which are different
every gradations;

[0041] said method comprising steps of:

[0042] setting said central electric potential of said
source signals and said central electric potential of
said common signals, in such a manner as to com-
pensate said reduction of the electric potential
induced by said gate signals in a case of the gradation
where said amplitude of said source signals is large,
and setting said central electric potential of said
source signals, in such a manner that said central
electric potential of said source signals is higher than
said central electric potential of said source signals
compensating said reduction of the electric potential
induced by said gate signals in case of the gradation
where said amplitude of said source signals is small.

[0043] As a result, the “sticking” can be relieved over a
wide range of a screen.

[0044] A second aspect of the present invention is directed
to a method of driving a liquid crystal display, where said
liquid crystal display comprising:

[0045] two substrates which are opposed to each
other in such a manner that a liquid crystal layer is
interposed between said two substrates;

[0046] a source line, to which source signals are fed,
said source line being provided on one of said two
substrates;

[0047] a gate line, to which gate signals are fed, said
gate line being provided on said one of said two
substrates;

[0048] aTFT element connected with said source line
and said gate line;

[0049] a pixel electrode connected with a drain of
said TFT element;

[0050] a counter electrode, to which common signals
of direct or alternating current is applied, said
counter electrode being provided on the other one of
said two substrates;

[0051] wherein an amplitude of said source signals is
varied so as to vary an electric potential of said pixel
electrode, whereby a potential difference between
said pixel electrode and said counter electrode is
varied to change an alignment of liquid crystal
molecules, so that gradation displayed on a pixel is
controlled;

[0052] wherein a central electric potential of com-
mon signals applied on said counter electrode can be
set to compensate a reduction of an electric potential
of said pixel electrode induced by changing an
electric potential of the gate signals;
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[0053] wherein a central electric potential of said
source signals can be varied every gradations to
compensate a reduction of an electric potential
induced by said gate signals which are different
every gradations;

[0054] said method comprising steps of:

[0055] in a pixel where said reduction of an electric
potential induced by said gate signals different every
gradations is the largest, setting said central electric
potential of said source signals and said central
electric potential of said common signals, in such a
manner as to compensate said reduction of the elec-
tric potential induced by said gate signals in a case of
the gradation where said amplitude of said source
signals is large, and setting said central electric
potential of said source signals, in such a manner that
said central electric potential of said source signals is
higher than said central electric potential of said
source signals compensating said reduction of the
electric potential induced by said gate signals in case
of the gradation where said amplitude of said source
signals is small.

[0056] As a result, the “sticking” can be relieved over a
wide range of a screen.

[0057] A third aspect of the present invention is directed to
a method of driving a liquid crystal display, where said
liquid crystal display comprising:

[0058] two substrates which are opposed to each
other in such a manner that a liquid crystal layer is
interposed between said two substrates;

[0059] a source line, to which source signals are fed,
said source line being provided on one of said two
substrates;

[0060] a gate line, to which gate signals are fed, said
gate line being provided on said one of said two
substrates;

[0061] aTFT element connected with said source line
and said gate line;

[0062] a pixel electrode connected with a drain of
said TFT element;

[0063] a counter electrode, to which common signals
of direct or alternating current is applied, said
counter electrode being provided on the other one of
said two substrates;

[0064] wherein an amplitude of said source signals is
varied so as to vary an electric potential of said pixel
electrode, whereby a potential difference between
said pixel electrode and said counter electrode is
varied to change an alignment of liquid crystal
molecules, so that gradation displayed on a pixel is
controlled;

[0065] wherein a central electric potential of com-
mon signals applied on said counter electrode can be
set to compensate a reduction of an electric potential
of said pixel electrode induced by changing an
electric potential of the gate signals;

[0066] wherein a central electric potential of said
source signals can be varied every gradations to
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compensate a reduction of an electric potential
induced by said gate signals which are different
every gradations;

[0067]

[0068] in all gradations, of which amplitude of said
source signals is large or small is included, setting a
central electric potential of said common signals to
be smaller than that in combination of said central
electric potential of said common signals with said
central electric potential of said source signals to
compensate said reduction of the electric potential
due to the gate signal.

said method comprising steps of:

[0069] Consequently, the “sticking” can be reduced for a
gradation having a small amplitude of the source signal and
the “sticking” is not deteriorated for a gradation having a
great amplitude of the source signal.

[0070] A fourth aspect of the present invention is directed
to a method of driving a liquid crystal display, where said
liquid crystal display comprising:

[0071] two substrates which are opposed to each
other in such a manner that a liquid crystal layer is
interposed between said two substrates;

[0072] a source line, to which source signals are fed,
said source line being provided on one of said two
substrates;

[0073] a gate line, to which gate signals are fed, said
gate line being provided on said one of said two
substrates;

[0074] aTFT element connected with said source line
and said gate line;

[0075] a pixel electrode connected with a drain of
said TFT element;

[0076] a counter electrode, to which common signals
of direct or alternating current is applied, said
counter electrode being provided on the other one of
said two substrates;

[0077] wherein an amplitude of said source signals is
varied so as to vary an electric potential of said pixel
electrode, whereby a potential difference between
said pixel electrode and said counter electrode is
varied to change an alignment of liquid crystal
molecules, so that gradation displayed on a pixel is
controlled;

[0078] wherein a central electric potential of com-
mon signals applied on said counter electrode can be
set to compensate a reduction of an electric potential
of said pixel electrode induced by changing an
electric potential of the gate signals;

[0079] wherein a central electric potential of said
source signals can be varied every gradations to
compensate a reduction of an electric potential
induced by said gate signals which are different
every gradations;

[0080]

[0081] in all gradations, of which amplitude of said
source signals is large or small is included, setting a
central electric potential of said common signals to

said method comprising steps of:
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be smaller than that in combination of said central
electric potential of said common signals with said
central electric potential of said source signals to
compensate said reduction of the electric potential
due to the gate signals; and

[0082] setting a central electric potential of said
source signals in gradations, of which amplitude of
said source signals is small, to be higher than said
combination.

[0083] Consequently, it is possible to more enhance the
effect of reducing the “sticking” for the gradation having the
small amplitude of the source signal.

[0084] A fifth aspect of the present invention is directed to
a method of driving a liquid crystal display, where said
liquid crystal display comprising:

[0085] two substrates which are opposed to each
other in such a manner that a liquid crystal layer is
interposed between said two substrates;

[0086] a source line, to which source signals are fed,
said source line being provided on one of said two
substrates;

[0087] a gate line, to which gate signals are fed, said
gate line being provided on said one of said two
substrates;

[0088] aTFT element connected with said source line
and said gate line;

[0089] a pixel electrode connected with a drain of
said TFT element;
[0090] a counter electrode, to which common signals

of direct or alternating current is applied, said
counter electrode being provided on the other one of
said two substrates;

[0091] wherein an amplitude of said source signals is
varied so as to vary an electric potential of said pixel
electrode, whereby a potential difference between
said pixel electrode and said counter electrode is
varied to change an alignment of liquid crystal
molecules, so that gradation displayed on a pixel is
controlled;

[0092] wherein a central electric potential of com-
mon signals applied on said counter electrode can be
set to compensate a reduction of an electric potential
of said pixel electrode induced by changing an
electric potential of the gate signals;

[0093] wherein a central electric potential of said
source signals can be varied every gradations to
compensate a reduction of an electric potential
induced by said gate signals which are different
every gradations;

[0094]

[0095] in all gradations, of which amplitude of said
source signals is large or small is included, setting a
central electric potential of said common signals to
be smaller than that in combination of said central
electric potential of said common signals with said
central electric potential of said source signals to
compensate said reduction of the electric potential

said method comprising steps of:
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due to the gate signals; setting a central electric
potential of said source signals in gradations, of
which amplitude of said source signals is small, to be
higher than said combination; and setting a central
electric potential of said source signals in gradations,
of which amplitude of said source signals is large, to
be higher than said combination.

[0096] Consequently, the “sticking” can be reduced, and
furthermore, display failures such as a flicker of a screen, a
shot unevenness and the like are not caused.

BRIEF DESCRIPTION OF THE DRAWINGS

[0097] FIG. 1 is an explanatory view showing a construc-
tion of a liquid crystal display using a TFT,

[0098] FIG. 2 is an explanatory view illustrating an
equivalent circuit of a pixel;

[0099] FIG. 3 is a graph showing a waveform of a signal
applied to a pixel,

[0100] FIG. 4 is an explanatory view showing a principle
of sticking phenomenon;

[0101] FIG. 5 is a graph showing a relation between a
voltage applied to liquid crystal and a combined capacitance
C,. caused by the liquid crystal;

[0102] FIG. 6 is a graph showing a relation between an
amplitude V_, of a source signal 9 and field-through voltage
AV

g

[0103] FIG. 7 is a graph showing an electric potential
V__of optimal common signal to each amplitude V,, when
an offset compensation is not performed;

[0104] FIG. 8 is an explanatory view showing a principle
of the offset compensation;

[0105] FIG. 9 is a graph is a graph showing the electric
potential of the optimal common signal to each source signal
9;

[0106] FIG. 10 is a graph showing a state where a set
according to EMBODIMENT 1 is carried out;

[0107] FIG. 11 is a graph showing a state where a set
according to EMBODIMENT 2 is carried out;

[0108] FIG. 12 is a graph showing a state where a set
according to EMBODIMENT 3 is carried out;

[0109] FIG. 13 is a graph showing a state where a set
according to EMBODIMENT 4 is carried out;

[0110] FIG. 14 is a graph showing a state where a set
according to EMBODIMENT 4 is carried out;

[0111] FIG. 15 is a graph showing a state where a set
according to EMBODIMENT 5 is carried out;

[0112] FIG. 16 is a graph showing a state where a concrete
set according to the present invention is carried out; and

[0113] FIG. 17 is a graph showing a relation between a
voltage applied to the liquid crystal and a displayed grada-
tion.

DETAILED DESCRIPTION

[0114] Preferred embodiments of the present invention
will be described below.
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Embodiment 1

[0115] EMBODIMENT 1 of the present invention will be
described with reference to FIG. 10.

[0116] As described above, in the prior art, the central
electric potential V_ of the source signal 9 is set in consid-
eration of the fact that the feed-through voltage AV, is high
during a white display in which the amplitude V_, of the
source signal 9 is small and is low during a black display in
which the amplitude V_, of the source signal 9 is large as
shown in FIG. 8.

[0117] As shown in FIG. 9, consequently, an optimum
electric potential V_ of a common signal for each grada-
tion is almost unchanged and a single counter electrode can
supply the optimum electric potential V__,, of a common
signal for each gradation.

[0118] In the present embodiment, however, the central
electric potential V of the source signal 9 is set to be even
higher in a region where the amplitude V_, of the source
signal 9 is small as shown in a curve S of FIG. 10(b) than
the setting according to the prior art shown in a one-dotted
chain line P of FIG. 10(b). At this time, the optimum electric
potential V___ of the common signal for each gradation, that
is, for each V__ is obtained as shown in FIG. 10(a) so that
a single counter electrode cannot supply the optimum elec-
tric potential V__ of the common signal for each gradation.
As shown in a broken line C, of FIG. 10(a), therefore, an
electric potential of a common signal 12 is set corresponding
to the optimum electric potential V of the common signal
in a region where the amplitude V., of the source signal 9 is
large, that is, the region for the black display.

[0119] In the prior art, it was supposed that the setting
according to the present embodiment is not practical because
“sticking” and a flicker become remarkable in the region for
the white display. However, the present inventor has found
that the setting according to the present embodiment can
actually relieve a “sticking”.

[0120] The reason is that the structure of an LCD is not
symmetrical. For example, the shape of the pixel electrode
5 is different from that of the counter electrode 7, and the
thicknesses and qualities of protective films provided on
surfaces of both opposed substrates are also different from
each other. For this reason, it is supposed that the condition
of movement of electric charges in each electrode direction
is varied and the generation of a residual DC depends on a
polarity of a voltage to be applied to a liquid crystal.

[0121] Moreover, a voltage-gradation characteristic of the
liquid crystal is shown in FIG. 17, and the gradation is rarely
changed even if an applied voltage is varied in a region close
to white or black. Accordingly, the setting according to the
present embodiment causes a flicker to be rarely observed
even if a voltage V_ to be applied to the liquid crystal in an
odd frame is slightly different from a voltage V_ to be
applied to the liquid crystal in an even frame.

Embodiment 2

[0122] EMBODIMENT 2 of the present invention will be
described with reference to FIG. 11.

[0123] Inthe present embodiment, a central electric poten-
tial V__ of a source signal is set such that an optimum electric
potential V. of a common signal for each gradation is
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almost constant, that is, a state shown in FIG. 11(a) can be
obtained in a position of a screen where a feed-through
voltage AV, is the highest. At this time, the optimum
electric potential V_  of the common signal for each
gradation has a value shown in FIG. 11() in other positions
of the screen.

[0124] For the reason described in the first embodiment,
accordingly, it is possible to obtain a display having no
sticking in a wide region of the screen.

[0125] A position where the feed-through voltage AV, is
highest is generally close to an input section for a gate
signal, and can be experimentally recognized as a position
where the electric potential of the common signal without a
flicker observed is the lowest.

Embodiment 3

[0126] EMBODIMENT 3 of the present invention will be
described with reference to FIG. 12.

[0127] According to the present embodiment, in a position
of a screen where a feed-through voltage AV, is the highest,
an optimum electric potential V  of a common signal is set
to be almost constant in a region where an amplitude V_, of
a source signal 9 is large and a central electric potential V.
of a source signal 9 is set such that the optimum electric
potential V_ of the common signal in a region where the
amplitude V__ of the source signal 9 is small is higher than
that in a region where the amplitude V_, of the source signal
9 is large as shown in FIG. 12(a).

[0128] At this time, the relationship between the ampli-
tude V,, of the source signal 9 and the optimum electric
potential V___ of the common signal shown in FIG. 12(b)
are obtained in other positions of the screen.

[0129] For the reason described in the first embodiment,
accordingly, it is possible to obtain a display having no
sticking in a wide region of the screen.

[0130] As described above, a position where the feed-
throygh voltage Ang is highest is generally .close to an input
section for a gate signal, and can be experimentally recog-
nized as a position where the electric potential of the
common signal without a flicker observed is the lowest.

Embodiment 4

[0131] EMBODIMENT 4 of the present invention will be
described with reference to FIG. 13.

[0132] In the present embodiment, offset compensation is
carried out, that is, a central electric potential V of a source
signal 9 is set such that an optimum electric potential V__
of a common signal is almost constant for each gradation.

[0133] Inthe prior art, the electric potential of the common
signal is made coincident with the optimum electric poten-
tial V___ of the common signal. In the present embodiment,
however, the electric potential of the common signal is set
to have a low value for the optimum electric potential V___

of the common signal as shown in C, of the drawing.

[0134] Inthe prior art, it has been supposed that the setting
according to the present embodiment causes a sticking and
a flicker for all gradations and is not practical.
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[0135] However, the setting according to the present
embodiment can actually relieve a sticking in a region where
an amplitude V_, of the source signal 9 is small, that is, a
region for a white display and a flicker is rarely observed as
described above.

[0136] Furthermore, the present inventor has found that
the setting according to the present embodiment does not
deteriorate the sticking in a region where the amplitude V_,
of the source signal 9 is great, that is, a region for a black
display.

[0137] While the offset compensation is carried out, that
is, the central electric potential V__ of the source signal 9 is
set such that the optimum electric potential V___, of the
common signal for each gradation is almost constant in the
present embodiment, the central electric potential V of the
source signal 9 may be set such that the optimum electric
potential V__ = of the common signal is high in the region
where the amplitude V_, of the source signal 9 is small, that
is, a region for a white display as shown in FIG. 14.

[0138] It is possible to further relieve the sticking in the
region where the amplitude V,_, of the source signal 9 is
small.

Embodiment 5

[0139] EMBODIMENT 5 of the present invention will be
described with reference to FIG. 15.

[0140] In the present embodiment, an optimum electric
potential V___ of a common signal in regions where an
amplitude V_, of a source signal 9 is large and where it is
small are set to be higher than the optimum electric potential
V.om Of the common signal for an intermediate gradation.

[0141] The electric potential of the common signal is set
to the optimum electric potential V___ of the common signal
for the intermediate gradation, that is, a one-dotted chain
line C; in the drawing.

[0142] In the present embodiment, the optimum electric
potential V___ of the common signal in the regions where
the amplitude V_, of the source signal 9 is great and small is
set to be higher than the electric potential C, of the common
signal. For the same reason as that in the fourth embodiment,
accordingly, sticking can be reduced.

[0143] In the present embodiment, furthermore, the opti-
mum electric potential V__ of the common signal in an
intermediate gradation region is almost coincident with the
electric potential C; of the common signal. Therefore, dis-
play failures such as a flicker of a screen, a shot unevenness
and the like are not caused.

Embodiment 6

[0144] A specific example of offset voltage setting to
which the present invention is applied will be described with
reference to FIG. 16.

[0145] In an LCD manufactured on trial, an offset com-
pensation value was set as shown in FIG. 16(b). The offset
compensation value was set such that a central electric
potential V__ of a source signal is increased when an ampli-
tude V_, of the source signal is reduced. In particular, the
central electric potential V, of the source signal is set yet
higher in a region where the amplitude V_, of the source
signal is 1.0 to 1.2 V.
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[0146] Referring to the LCD thus set, a position where a
feed-through voltage AV, is the highest was experimentally
identified and an optimum electric potential V___ of the
common signal was measured for the amplitude V_, of each
source signal in that position. Consequently, the relationship
shown in FIG. 16(a) was obtained. In a region where the
amplitude V_, of the source signal is 1.2 to 2.5 V, the
optimum electric potential V___ of the common signal was
constant, that is, 1.0 V. When the amplitude V_, of the source
signal was 1.0 V, the optimum electric potential V__ of the
common signal was 1.2 V.

[0147] While the electric potential of the common signal
to be applied to a counter electrode was set to 1.0 V and a
white color was displayed over the whole surface of the
LCD, a flicker was not observed.

[0148] Next, check pattern were displayed over the whole
surface of the LCD for a long time, sticking was not caused.

[0149] In the detailed description and drawings of the
present invention which have been explained above, the
common signal has been explained as a DC potential. Also
in the case of an alternating signal in which a polarity is
inverted every scanning line depending on a method of
driving the LCD, the present invention can be applied.

[0150] According to the present invention, also in the case
in which the same image is displayed for a long time, a
sticking is not caused and a flicker is not generated. There-
fore, it 1s possible to obtain a liquid crystal display having
a high picture quality.

[0151] The forgoing is considered as illustrative only of
the principles of the invention. Further, because numerous
modifications and changes will readily occur to those skilled
in the art, it is not desired to limit the invention to the exact
construction and operation shown and described, and
accordingly all suitable modifications and equivalents may
be resorted to falling within the scope of the invention as
definition by the claims which follows.

What is claimed is:
1. Amethod of driving a liquid crystal display, where said
liquid crystal display comprising:

two substrates which are opposed to each other in such a
manner that a liquid crystal layer is interposed between
said two substrates;

a source line, to which source signals are fed, said source
line being provided on one of said two substrates;

a gate line, to which gate signals are fed, said gate line
being provided on said one of said two substrates;

a TFT element connected with said source line and said
gate line;

a pixel electrode connected with a drain of said TFT
element;

a counter electrode, to which common signals of direct or
alternating current is applied, said counter electrode
being provided on the other one of said two substrates;

wherein an amplitude of said source signals is varied so
as to vary an electric potential of said pixel electrode,
whereby a potential difference between said pixel elec-
trode and said counter electrode is varied to change an
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alignment of liquid crystal molecules, so that gradation
displayed on a pixel is controlled;

wherein a central electric potential of common signals
applied on said counter electrode can be set to com-
pensate a reduction of an electric potential of said pixel
electrode induced by changing an electric potential of
the gate signals;

wherein a central electric potential of said source signals
can be varied every gradations to compensate a reduc-
tion of an electric potential induced by said gate signals
which are different every gradations;

said method comprising steps of:

setting said central electric potential of said source

signals and said central electric potential of said

common signals, in such a manner as to compensate

said reduction of the electric potential induced by

said gate signals in a case of the gradation where said

amplitude of said source signals is large, and setting

said central electric potential of said source signals,

in such a manner that said central electric potential of

said source signals is higher than said central electric

potential of said source signals compensating said

reduction of the electric potential induced by said

gate signals in case of the gradation where said
amplitude of said source signals is small.

2. The method of driving a liquid crystal display, where

said liquid crystal display comprising:

two substrates which are opposed to each other in such a
manner that a liquid crystal layer is interposed between
said two substrates;

a source line, to which source signals are fed, said source
line being provided on one of said two substrates;

a gate line, to which gate signals are fed, said gate line
being provided on said one of said two substrates;

a TFT element connected with said source line and said
gate line;

a pixel electrode connected with a drain of said TFT
element;

a counter electrode, to which common signals of direct or
alternating current is applied, said counter electrode
being provided on the other one of said two substrates;

wherein an amplitude of said source signals is varied so
as to vary an electric potential of said pixel electrode,
whereby a potential difference between said pixel elec-
trode and said counter electrode is varied to change an
alignment of liquid crystal molecules, so that gradation
displayed on a pixel is controlled,

wherein a central electric potential of common signals
applied on said counter electrode can be set to com-
pensate a reduction of an electric potential of said pixel
electrode induced by changing an electric potential of
the gate signals;

wherein a central electric potential of said source signals
can be varied every gradations to compensate a reduc-
tion of an electric potential induced by said gate signals
which are different every gradations;

said method comprising steps of:
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setting said central electric potential of said common
signals and said central electric potential of said
source signals in a pixel where said reduction of the
electric potential induced by said gate signals differ-
ent every gradations is the largest, in such a manner
that said reduction of the electric potential induced
by said gate signals is compensated in all gradations
for large through small amplitude of said source
signals.
3. The method of driving a liquid crystal display, where
said liquid crystal display comprising:

two substrates which are opposed to each other in such a
manner that a liquid crystal layer is interposed between
said two substrates;

a source line, to which source signals are fed, said source
line being provided on one of said two substrates;

a gate line, to which gate signals are fed, said gate line
being provided on said one of said two substrates;

a TFT element connected with said source line and said
gate line;

a pixel electrode connected with a drain of said TFT
element;

a counter electrode, to which common signals of direct or
alternating current is applied, said counter electrode
being provided on the other one of said two substrates;

wherein an amplitude of said source signals is varied so
as to vary an electric potential of said pixel electrode,
whereby a potential difference between said pixel elec-
trode and said counter electrode is varied to change an
alignment of liquid crystal molecules, so that gradation
displayed on a pixel is controlled,

wherein a central electric potential of common signals
applied on said counter electrode can be set to com-
pensate a reduction of an electric potential of said pixel
¢lectrode induced by changing an electric potential of
the gate signals;

wherein a central electric potential of said source signals
can be varied every gradations to compensate a reduc-
tion of an electric potential induced by said gate signals
which are different every gradations;

said method comprising steps of:

in a pixel where said reduction of an electric potential
induced by said gate signals different every grada-
tions is the largest, setting said central electric poten-
tial of said source signals and said central electric
potential of said common signals, in such a manner
as to compensate said reduction of the electric poten-
tial induced by said gate signals in a case of the
gradation where said amplitude of said source sig-
nals is large, and setting said central electric potential
of said source signals, in such a manner that said
central electric potential of said source signals is
higher than said central electric potential of said
source signals compensating said reduction of the
electric potential induced by said gate signals in case
of the gradation where said amplitude of said source
signals is small.
4. A method of driving a liquid crystal display, where said
liquid crystal display comprising:
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two substrates which are opposed to each other in such a
manner that a liquid crystal layer is interposed between
said two substrates;

a source line, to which source signals are fed, said source
line being provided on one of said two substrates;

a gate line, to which gate signals are fed, said gate line
being provided on said one of said two substrates;

a TFT element connected with said source line and said
gate line,

a pixel electrode connected with a drain of said TFT
clement;

a counter electrode, to which common signals of direct or
alternating current is applied, said counter electrode
being provided on the other one of said two substrates;

wherein an amplitude of said source signals is varied so
as to vary an electric potential of said pixel electrode,
whereby a potential difference between said pixel elec-
trode and said counter electrode is varied to change an
alignment of liquid crystal molecules, so that gradation
displayed on a pixel is controlled,;

wherein a central electric potential of common signals
applied on said counter electrode can be set to com-
pensate a reduction of an electric potential of said pixel
electrode induced by changing an electric potential of
the gate signals;

wherein a central electric potential of said source signals
can be varied every gradations to compensate a reduc-
tion of an electric potential induced by said gate signals
which are different every gradations;

said method comprising steps of:

in all gradations, of which amplitude of said source
signals is large or small is included, setting a central
electric potential of said common signals to be
smaller than that in combination of said central
electric potential of said common signals with said
central electric potential of said source signals to
compensate said reduction of the electric potential

due to the gate signal.
5. A method of driving a liquid crystal display, where said

liquid crystal display comprising:

two substrates which are opposed to each other in such a
manner that a liquid crystal layer is interposed between
said two substrates;

a source line, to which source signals are fed, said source
line being provided on one of said two substrates;

a gate line, to which gate signals are fed, said gate line
being provided on said one of said two substrates;

a TFT element connected with said source line and said
gate line;

a pixel electrode connected with a drain of said TFT
element;

a counter electrode, to which common signals of direct or
alternating current is applied, said counter electrode
being provided on the other one of said two substrates;

wherein an amplitude of said source signals is varied so
as to vary an electric potential of said pixel electrode,
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whereby a potential difference between said pixel elec-
trode and said counter electrode is varied to change an
alignment of liquid crystal molecules, so that gradation
displayed on a pixel is controlled,

wherein a central electric potential of common signals
applied on said counter electrode can be set to com-
pensate a reduction of an electric potential of said pixel
electrode induced by changing an electric potential of
the gate signals;

wherein a central electric potential of said source signals
can be varied every gradations to compensate a reduc-
tion of an electric potential induced by said gate signals
which are different every gradations;

said method comprising steps of:

in all gradations, of which amplitude of said source
signals is large or small is included, setting a central
electric potential of said common signals to be
smaller than that in combination of said central
electric potential of said common signals with said
central electric potential of said source signals to
compensate said reduction of the electric potential
due to the gate signals; and

setting a central electric potential of said source signals

in gradations, of which amplitude of said source

signals is small, to be higher than said combination.

6. A method of driving a liquid crystal display, where said
liquid crystal display comprising:

two substrates which are opposed to each other in such a
manner that a liquid crystal layer is interposed between
said two substrates;

a source line, to which source signals are fed, said source
line being provided on one of said two substrates;

a gate line, to which gate signals are fed, said gate line
being provided on said one of said two substrates;

a TFT element connected with said source line and said
gate line;

Dec. 6, 2001

a pixel electrode connected with a drain of said TFT
element;

a counter electrode, to which common signals of direct or
alternating current is applied, said counter electrode
being provided on the other one of said two substrates;

wherein an amplitude of said source signals is varied so
as to vary an electric potential of said pixel electrode,
whereby a potential difference between said pixel elec-
trode and said counter electrode is varied to change an
alignment of liquid crystal molecules, so that gradation
displayed on a pixel is controlled,;

wherein a central electric potential of common signals
applied on said counter electrode can be set to com-
pensate a reduction of an electric potential of said pixel
electrode induced by changing an electric potential of
the gate signals;

wherein a central electric potential of said source signals
can be varied every gradations to compensate a reduc-
tion of an electric potential induced by said gate signals
which are different every gradations;

said method comprising steps of:

in all gradations, of which amplitude of said source
signals is large or small is included, setting a central
electric potential of said common signals to be
smaller than that in combination of said central
electric potential of said common signals with said
central electric potential of said source signals to
compensate said reduction of the electric potential
due to the gate signals;

setting a central electric potential of said source signals
in gradations, of which amplitude of said source
signals is small, to be higher than said combination;
and

setting a central electric potential of said source signals
in gradations, of which amplitude of said source
signals is large, to be higher than said combination.

I . T
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