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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The presentinvention relates to a liquid crystal
display panel in which a TFT (thin film transistor) array
is driven to display OA images and video images, and
a method of driving the same.

Description of the Prior Art

[0002] Examples of conventional liquid crystal display
panels include one disclosed in Japanese Laid-open
Patent Application No. H2-913. FIG. 8 is a circuit dia-
gram showing the structure of the conventional liquid
crystal display panel. In FIG. 8, reference numeral 1 rep-
resents a pixel, reference numeral 2 represents a TFT,
reference numeral 3 represents a pixel electrode con-
nected to the drain electrode of the TFT 2, reference
numeral 4 represents a liquid crystal capacitance
formed between a counter electrode 6 and the pixel
electrode 3, reference numeral 5 represents an auxiliary
capacitance for supplementing the storing property of
the liquid crystal capacitance 4, reference numeral 7
represents a scanning electrode connected to the gate
electrode of the TFT 2 for supplying a scanning signal
to control on and off of the TFT 2, and reference numeral
9 represents a signal electrode connected to the source
electrode of the TFT 2 for supplying an image signal to
the pixel electrode 3 through the TFT 2.

[0003] FIG.9isan equivalentcircuit diagram of a pixel
(i, j) of the conventional liquid crystal display panel when
the TFT 2 is off. In FIG. 9, Cgd represents a gate-drain
capacitance between the gate electrode and the drain
electrode of the TFT 2, and Csd, and Csd, represent
signal electrode-pixel electrode capacitances between
the signal electrode 9 and the pixel electrode 3.

[0004] FIGs. 10(a) to 10(b) are signal waveform
charts of the conventional liquid crystal display panel.
FIG. 10(a) is a signal waveform chart at the pixel (i, j).
FIG. 10(b) is a signal waveform chart at a pixel (i+1, j).
FIG. 10(c) is a signal waveform chart at a pixel (i+2, j).
In these figures, 1H represents a horizontal scanning
period, 1V represents a vertical scanning period, Vc rep-
resents a counter signal applied to the counter electrode
6, Vg represents a scanning signal applied to the scan-
ning electrode 7 and supplied to the gate electrode of
the TFT 2, Vs represents an image signal applied to the
signal electrode 9 and supplied to the source electrode
of the TFT 2, Vd represents the potential of the pixel
electrode 3 connected to the drain electrode of the TFT
2, Vge+ represents a positive modulating voltage, and
Vge- represents a negative modulating voltage. In this
conventional display panel, the magnitude of the posi-
tive modulating voltage Vge+is 3V (=19V-16 V), and
the magnitude of the negative modulating voltage Vge-
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is11V (=16 V-5V).

[0005] With respect to the conventional liquid crystal
display panel thus structured, an operation thereof will
be described.

[0006] At the pixel (i, j), when the scanning signal Vg
(i+1) is on for the 1H period, the image signal Vs(j) is
supplied to the pixel electrode 3 serving as one of the
electrodes of the liquid crystal capacitance 4 and the
auxiliary capacitance 5, so that a predetermined voltage
is reached. When the scanning signal Vg(i+1) becomes
off, it is attempted to maintain the voltage for the 1V pe-
riod; however, since the auxiliary capacitance 5 is con-
nected to the preceding scanning electrode 7, when the
scanning signal Vg(i) changes to the positive modulat-
ing voltage Vge+ or to the negative modulating voltage
Vge-, the potential Vd(i, j) of the pixel electrode 3 chang-
es accordingly. Thus, an effective voltage as well as the
image signal Vs(j) is applied to the liquid crystal capac-
itance 4. The same is performed at the pixel (i+1, j) and
at the pixel (i+2, j), etc., so that an image is displayed
on the entire screen.

[0007] However, in the conventional structure, as
shown in FIGs. 10(a) to 10(c), the positive modulating
voltage Vge+ and the negative modulating voltage Vge-
must be superimposed on the scanning signal Vg, and
the modulating voltages necessarily have an amplitude
of several tens of volts. Consequently, the output IC for
outputting the scanning signal Vg of up to approximately
38V to the scanning electrode 7 is a process which with-
stands a very high voltage, and requires a four-value
level output, so that the chip area increases. As a result,
the cost of the IC significantly increases.

[0008] Moreover, as shown in FIG. 11, since the aux-
iliary capacitance 5 is formed between the pixel elec-
trode 3 and the scanning electrode 7, the load capaci-
tance of the scanning electrode 7 increases. Further,
since the width of the scanning electrode 7 cannot be
reduced so much in forming the auxiliary capacitance 5,
the numerical aperture is sacrificed. Moreover, the load
on the output IC increases as the screen size and the
density of the liquid crystal display panel increase, so
that the difference in load capacitance between the left
and right sides of the screen degrades the display qual-
ity.

[0009] Moreover, since pixels in the same row are
supplied with the image signal Vs of the same polarity
and supplied with the image signal Vs of a different po-
larity every 1H period, the potential Vd of the pixel elec-
trode 3 is swung through the signal electrode-pixel elec-
trode capacitances Csd; and Csd, every time the po-
larity of the image signal Vs changes, so that crosstalk
is caused. As a result, the display quality is significantly
degraded.

[0010] Documents EP 0 535 954 A, US 5 517 342 A
and EP 0 373 565 A describe active matrix liquid crystal
displays with auxiliary capacitors and modulating elec-
trodes connected to the same, having a modulating
electrode simply arranged in each row and connected
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to one end of the auxiliary capacitors corresponding to
pixels in that row.

SUMMARY OF THE INVENTION

[0011] An object of the present invention is to provide
a liquid crystal display panel and a method of driving the
same in which the output amplitude of the output IC for
outputting the scanning signal is restrained, the cost of
the IC is greatly reduced by using a low-voltage process,
the load capacitance of the scanning electrode is re-
duced and the numerical aperture is improved.

[0012] Another object of the present invention is to
provide a liquid crystal display panel and a method of
driving the same in which, in addition to the above-men-
tioned object, high-quality image display without any
crosstalk is realized.

[0013] Aliquid crystal display panel of the present in-
vention is a liquid crystal display panel in which a plu-
rality of pixel electrodes are arranged in m rows and in
n columns on a light transmitting substrate, m rows of
scanning electrodes and n columns of signal electrodes
are perpendicularly arranged between the plurality of
pixel electrodes, a thin film transistor in which a gate
electrode is connected to a scanning electrode in an i-
th row (i is an integer among 1 to m), a source electrode
is connected to a signal electrode in a j-th column (j is
an integer among 1 to n) and a drain electrode is con-
nected to a pixel electrode in the i-th row in the j-th col-
umn is disposed at each intersection of the scanning
electrode and the signal electrode, and a counter elec-
trode which is opposed to the pixel electrode with liquid
crystal between is disposed. The liquid crystal display
panel is characterized in that the following modulating
electrodes are provided: a modulating electrode in a first
row between which and the pixel electrode in the first
row in a p-th column (p is an odd number or an even
number among 1 to n), an auxiliary capacitance is
formed; a modulating electrode in a k-th row between
which and the pixel electrode in a k-th row in the p-th
column (k is an integer among 2 to m) and in the (k-1)-
th row in a g-th column (q is an integer other than p
among 1 to n) , the auxiliary capacitance is formed; and
a modulating electrode in an (m+1) -th row between
which and the pixel electrode in the m-th row in the g-th
column, the auxiliary capacitance is formed.

[0014] According to this structure, since the modulat-
ing electrode between which and each of the pixel elec-
trodes, the auxiliary capacitance is formed is provided
separately from the scanning electrode, the amplitude
of the scanning signal output from the output IC so as
to be applied to the scanning electrode is greatly re-
duced and the level output is binary, so that the area of
the IC chip is greatly reduced. As a result, the cost of
the IC is greatly reduced. Moreover, since the auxiliary
capacitance is formed not between the pixel electrode
and the scanning electrode like in the conventional
structure, the load capacitance of the scanning elec-
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trode is reduced. Further, since the auxiliary capaci-
tance is formed between the pixel electrode and a dif-
ferent modulating electrode for each column and an im-
age signal whose polarity is reversed for each column
of the signal electrode is supplied, the potentials of the
pixel electrodes are swung from the signal electrodes
on both sides so as to cancel each other through the
capacitance between the signal electrodes, so that the
potentials of the pixel electrodes are not swung but be-
come stable. As a result, crosstalk disappears and the
display quality is significantly improved.

[0015] Further, the liquid crystal display panel is char-
acterized in that the modulating electrodes in the first to
the (m+1)-th rows are formed by use of a light transmit-
ting conductive material, the modulating electrode in the
first row is provided between the pixel electrode in the
firstrow in the p-th column and the light transmitting sub-
strate with a light transmitting insulating film between
the pixel electrode in the first row in the p-th column and
the modulating electrode in the first row, the modulating
electrode in the k-th row is provided between the pixel
electrodes in the k-th row in the p-th column and in the
(k-1)th row in the g-th column and the light transmitting
substrate with the light transmitting insulating film be-
tween the pixel electrodes in the k-th row in the p-th col-
umn and in the (k-1)-th row in the g-th column and the
modulating electrode in the k-th row, and the modulating
electrode in the (m+1)-th row is provided between the
pixel electrode in the m-th row in the g-th column and
the light transmitting substrate with the light transmitting
insulating film between the pixel electrode in the m-th
row in the g-th column and the modulating electrode in
the (m+1)-th row.

[0016] Thus, since the modulating electrode using the
light transmitting conductive material is provided below
the pixel electrode and the load capacitance of the scan-
ning electrode is reduced, the width of the scanning
electrode can be reduced to significantly improve the
numerical aperture.

[0017] Moreover, a method of driving a liquid crystal
display panel of the present invention is a method of
driving the above-described liquid crystal display panel
of the present invention, and is characterized in that a
potential of the pixel electrode is controlled through the
auxiliary capacitance by supplying to the signal elec-
trodes image signals whose polarity is reversed at every
column of the n columns of the signal electrodes, the
polarity of the image signal applied to each signal elec-
trode being reversed every horizontal scanning period,
and applying a positive modulating voltage and a neg-
ative modulating voltage to each modulating electrode.
[0018] According to the driving method, since the po-
tential of the pixel electrode is controlled through the
auxiliary capacitance by applying a positive modulating
voltage and a negative modulating voltage to the mod-
ulating electrode, the load capacitance of the scanning
electrode is reduced, so that the width of the scanning
electrode can be reduced to significantly improve the
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numerical aperture. Further, since the image signal
whose polarity is reversed every column of the signal
electrode is supplied, the potentials of the image elec-
trodes are swung from the signal electrodes on both
sides so as to cancel each other through the capaci-
tance between the signal electrodes, so that the poten-
tials of the pixel electrodes are not swung but become
stable. As a result, crosstalk disappears and the display
quality is significantly improved.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019]

FIG. 1 is a circuit diagram showing the structure of
an improved liquid crystal display panel;

FIGs. 2 (a) and 2 (b) are a plan view and a cross-
sectional view, respectively, showing the structure
of an auxiliary capacitance of such improved liquid
crystal display panel;

FIGs. 3(a) to 3(c) are signal waveform charts of the
improved liquid crystal display panel;

FIG. 4 is a circuit diagram showing the structure of
a liquid crystal display panel according to an em-
bodiment of the present invention;

FIGs. 5 (a) and 5(b) are a plan view and a cross-
sectional view, respectively, showing the structure
of the auxiliary capacitance of the liquid crystal dis-
play panel according to the embodiment of the
present invention;

FIG. 6 is an equivalent circuit diagram of the pixel
(i, j) of the liquid crystal display panel according to
the embodiment of the present invention when a
TFT is off;

FIGs. 7(a) to (f) are signal waveform charts of the
liquid crystal display panel according to the embod-
iment of the present invention;

FIG. 8 is a circuit diagram showing the structure of
the conventional liquid crystal display panel;

FIG. 9 is an equivalent circuit diagram of the pixel
(i, j) of the conventional liquid crystal display panel
when the TFT is off;

FIGs. 10(a) to 10(c) are signal waveform charts of
the conventional liquid crystal display panel; and
FIG. 11 is a plan view showing the structure of the
auxiliary capacitance of the conventional liquid
crystal display panel.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0020] The present invention will be described with
reference to the drawings.

[0021] FIG. 1 is a circuit diagram showing the struc-
ture of an improved liquid crystal display panel. In FIG.
1, reference numeral 1 represents a pixel, reference nu-
meral 2 represents a TFT, reference numeral 3 repre-
sents a pixel electrode connected to the drain electrode
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of the TFT 2, reference numeral 4 represents a liquid
crystal capacitance formed between a counter electrode
6 and the pixel electrode 3, reference numeral 5 repre-
sents an auxiliary capacitance for supplementing the
storing property of the liquid crystal capacitance 4, ref-
erence numeral 7 represents a scanning electrode con-
nected to the gate electrode of the TFT 2 for supplying
a scanning signal to control on and off of the TFT 2, and
reference numeral 9 represents a signal electrode con-
nected to the source electrode of the TFT 2 for supplying
an image signal to the pixel electrode 3 through the TFT
2. These elements are similar to those of the conven-
tional liquid crystal display panel and denoted by the
same reference numerals as those of FIG. 8. Reference
numeral 8 represents a modulating electrode for modu-
lating the potential of the pixel electrode 3.

[0022] Such liquid crystal panel is different from the
conventional structure in that the modulating electrode
8 for applying a modulating signal Vf to modulate the
potential Vd of the pixel electrode 3 through the auxiliary
capacitance 5 is provided separately from the scanning
electrode 7. That is, the auxiliary capacitance 5 is pro-
vided not between the pixel electrode 3 and the scan-
ning electrode 7 like in the conventional structure but
between the pixel electrode 3 and the modulating elec-
trode 8.

[0023] The structure of the auxiliary capacitance 5 is
shown in FIGs. 2(a) and 2(b). FIG. 2(a) is a plan view
showing the structure of the auxiliary capacitance 5.
FIG. 2(b) is a cross-sectional view taken on the line A-
A of FIG. 2 (a) . In these figures, the TFT 2 is not illus-
trated but shown being simplified. As shown in the fig-
ures, the auxiliary capacitance 5 is formed by providing
the modulating electrode 8, with a light transmitting in-
sulating film 12 between, below the pixel electrode 3 dis-
posed on a light transmitting substrate 11. Therefore,
after the modulating electrode 8 is formed on the light
transmitting substrate 11, the light transmitting insulat-
ing film 12 is formed on the entire surface, and the pixel
electrode 3, the scanning electrode 7 and the signal
electrode 9, etc. are formed on the light transmitting in-
sulating film 12. The pixel electrode 3 and the modulat-
ing electrode 8 are made of a light transmitting conduc-
tive material such as ITO (indium-tin oxide) which a
transparent electrode can be formed of. The light trans-
mitting substrate 11 comprises a substrate having light
transmitting capability such as glass. The light transmit-
ting insulating film 12 comprises a silicon oxide film
(SiO,), a tantalum oxide film (Ta,O3) or a silicon nitride
film (SiNox).

[0024] FIGs. 3(a) to 3(c) are signal waveform charts
of the above described liquid crystal display panel. FIG.
3(a) is a signal waveform chart at the pixel (i, j) . FIG. 3
(b) is a signal waveform chart at a pixel (i+1, j). FIG. 3
(c) is a signal waveform chart at a pixel (i+2, j). In these
figures, 1H represents a horizontal scanning period, 1V
represents a vertical scanning period, Vc represents a
counter signal applied to the counter electrode 6, Vg
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represents a scanning signal applied to the scanning
electrode 7 and supplied to the gate electrode of the TFT
2, Vs represents an image signal applied to the signal
electrode 9 and supplied to the source electrode of the
TFT 2, Vd represents the potential of the pixel electrode
3 connected to the drain electrode of the TFT 2, Vf rep-
resents a modulating signal applied to the modulating
electrode 8 and having a positive modulating voltage
Vge+ and a negative modulating voltage Vge-. The
magnitude of the modulating voltage Vge+ is 3 V, and
the magnitude of the modulating voltage Vge- is 11 V
(=14 V- 3V) . These magnitudes are the same as those
of the conventional display panel. During a period of 1V,
the modulating signal Vf changes by the magnitude of
the voltage Vge- in the 1H period immediately after the
scanning signal Vg becomes on, is constant until the
next 1H period immediately before the scanning signal
Vg becomes on the next time, and then, changes by the
magnitude of (Vge-)-(Vge+). During the next 1V period,
the modulating signal Vf changes by the magnitude of
Vge+ in the 1H period immediately after the scanning
signal becomes on.

[0025] With respect to the improved liquid crystal dis-
play panel thus structured, an operation thereof will be
described.

[0026] At the pixel (i, j), when the scanning signal Vg
(i) is on for the 1H period, the image signal Vs(j) is sup-
plied to the pixel electrode 3 serving as one of the elec-
trodes of the liquid crystal capacitance 4 and the auxil-
iary capacitance 5, so that a predetermined voltage is
reached. When the scanning signal Vg(i) becomes off,
it is attempted to maintain the voltage for the 1V period;
however, since the auxiliary capacitance 5 is connected
to the modulating electrode 8, when the modulating sig-
nal Vf(i) changes to the positive modulating voltage
Vge+ or to the negative modulating voltage Vge-, the
potential Vd(i, j) of the pixel electrode 3 changes accord-
ingly. Thus, an effective voltage as well as the image
signal Vs(j) is applied to the liquid crystal capacitance
4. The same is performed at the pixel (i+1, j) and at the
pixel (i+2, j), etc., so that an image is displayed on the
entire screen.

[0027] In the conventional display panel, the output
IC for outputting the scanning signal Vg to the scanning
electrode 7 is a process which withstands a very high
voltage (approximately 38 V) and requires a four-value
level output. However, in this improved display panel,
since the modulating electrode 8 for applying the mod-
ulating signal Vf is provided separately from the scan-
ning electrode 7, the amplitude of the scanning signal
Vg output from the output IC is greatly reduced to ap-
proximately 2 V and the level output is binary, so that
the area of the IC chip is greatly reduced. As a result,
the cost of the IC is greatly reduced. With respect to the
modulating signal Vf, the amplitude is approximately 11
V.

[0028] Moreover, by forming the auxiliary capacitance
5 not between the pixel electrode 3 and the scanning
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electrode 7 like in the conventional structure but be-
tween the pixel electrode 3 and the modulating elec-
trode 8 provided below the pixel electrode 3 with the light
transmitting insulating film 12 between as shown in Fig.
2(b), the load capacitance of the scanning electrode 7
is reduced, so that the width of the scanning electrode
7 can be reduced to significantly improve the numerical
aperture.

Embodiment

[0029] FIG. 4 is a circuit diagram showing the struc-
ture of a liquid crystal display panel according to an em-
bodiment of the present invention. In FIG. 4, reference
numeral 2 represents a TFT, reference numeral 3 rep-
resents a pixel electrode, reference numeral 4 repre-
sents a liquid crystal capacitance, reference numeral 5
represents an auxiliary capacitance, reference numeral
6 represents a counter electrode, reference numeral 7
represents a scanning electrode, reference numeral 8
represents a modulating electrode, and reference nu-
meral 9 represents a signal electrode. These elements
are similar to those of the previously described liquid
crystal panel and denoted by the same reference nu-
merals as those of FIG. 1. In FIG. 4, pixels in odd-num-
bered columns are denoted by 1 and pixels in even-
numbered columns are denoted by 10.

[0030] The embodiment is similar to the previously
described liquid crystal panel in that the modulating
electrode 8 for applying the modulating signal Vf to mod-
ulate the potential Vd of the pixel electrode 3 through
the auxiliary capacitance 5 is provided separately from
the scanning electrode 7. In the embodiment, the auxil-
iary capacitances 5 in the pixels 1 in odd-numbered col-
umns and those in the pixels 10 in even-numbered col-
umns are connected to the modulating electrodes 8 in
different rows. Therefore, the number of modulating
electrodes 8 is greater by one than the number of scan-
ning electrodes 7. The polarity of the image signal Vs
supplied to the signal electrodes 9 in odd-numbered col-
umns and that supplied to the electrodes 9 in even-num-
bered columns are opposite to each other.

[0031] The structure of the auxiliary capacitance 5 in
the embodiment is shown in FIGs. 5(a) and 5(b). FIG. 5
(a) is a plan view showing the structure of the auxiliary
capacitance 5. FIG. 5(b) is a cross-sectional view taken
on the line B-B of FIG. 5(a). In these figures, the TFT 2
is not illustrated but shown being simplified. As shown
in the figures, the auxiliary capacitance 5 is formed by
providing the modulating electrode 8, with a light trans-
mitting insulating film 12 between, below the pixel elec-
trode 3 disposed on the light transmitting substrate 11.
Therefore, after the modulating electrode 8 is formed on
the light transmitting substrate 11, the light transmitting
insulating film 12 is formed on the entire surface, and
the pixel electrode 3, the scanning electrode 7 and the
signal electrode 9, etc. are formed on the light transmit-
ting insulating film 12. The elements such as the pixel
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electrode 3, the modulating electrode 8, the light trans-
mitting substrate 11 and the light transmitting insulating
film 12 are made of a similar material to those of the
previously described liquid crystal panel. The embodi-
ment is different therefrom in the plane configuration of
the modulating electrode 8.

[0032] FIG. 6 is an equivalent circuit diagram of the
pixel (i, j) of the liquid crystal display panel according to
the embodiment of the present invention when the TFT
2 is off. In FIG. 6, Cgd represents a gate-drain capaci-
tance between the gate electrode and the drain elec-
trode of the TFT 2, and Csd, and Csd, represent signal
electrode-pixel electrode capacitances between the sig-
nal electrode 9 and the pixel electrode 3.

[0033] FIGs. 7 (a) to 7(b) are signal waveform charts
of the liquid crystal display panel according to the em-
bodiment. FIG. 7(a) is a signal waveform chart at the
pixel (i, j) . FIG. 7(b) is a signal waveform chart at the
pixel (i+1, j). FIG. 7(c) is a signal waveform chart at the
pixel (i+2, j). FIG. 7(d) is a signal waveform chart at a
pixel (i, j+1). FIG. 7(e) is a signal waveform chart at a
pixel (i+1, j+1). FIG. 7(f) is a signal waveform chart at a
pixel (i+2, j+1). In these figures , 1H represents a hori-
zontal scanning period, 1V represents a vertical scan-
ning period, Vc represents a counter signal, Vg repre-
sents a scanning signal, Vs represents an image signal,
Vd represents the potential of the pixel electrode 3, Vf
represents a modulating signal, Vge+ represents a pos-
itive modulating voltage, and Vge- represents a nega-
tive modulating voltage.

[0034] The application period of the modulating volt-
ages Vge+ and Vge- is shifted by the 1H period between
FIGs. 7(a) to (¢) and 7(d) to 7(f). With respect to the pix-
els in the j-th column, the auxiliary capacitance 5 of, for
example, the pixel (i, j) in the i-th row is connected to
the modulating electrode 8 in the i-th row, whereas with
respect to the pixels in the (j+1) -th column, the auxiliary
capacitance 5 of, for example, the pixel (i, j+1) in the i-
th row is connected to the modulating electrode 8 in the
(i+1)-th row. The modulating electrode 8 in the (i+1)-th
row is the modulating electrode 8 connected to the aux-
iliary capacitance 5 of the pixel (i+1, j) in the (i+1)-th row
among the pixels in the j-th column. Thus, in the pixels
in odd-numbered columns and the pixels in even-num-
bered columns, a common modulating electrode 8 is
used as the auxiliary capacitances of pixels in rows dif-
ferent from each other by one row, so that a shift of the
1H period is caused during the application period of the
modulating voltages Vge+ and Vge-. However, this does
not cause a large problem because it is a shift of the 1H
period during the 1V period.

[0035] With respect to the liquid crystal display panel
according to the embodiment thus structured, an oper-
ation thereof will be described.

[0036] First, the case of the pixels 1 in odd-numbered
column will be described. For example, at the pixel (i, j),
when the scanning signal Vg(i) is on for the 1H period,
the image signal Vs(j) is supplied to the pixel electrode
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3 serving as one of the electrodes of the liquid crystal
capacitance 4 and the auxiliary capacitance 5, so that
a predetermined voltage is reached. When the scanning
signal Vg(i) becomes off, it is attempted to maintain the
voltage for the 1V period; however, since the auxiliary
capacitance 5 is connected to the modulating electrode
8, when the modulating signal Vf(i) changes to the pos-
itive modulating voltage Vge+ or to the negative modu-
lating voltage Vge-, the potential Vd(i, j) of the pixel elec-
trode 3 changes accordingly. Thus, an effective voltage
as well as the image signal Vs(j) is applied to the liquid
crystal capacitance 4. The same is performed at the pix-
el (i+1, j) and at the pixel (i+2, j), etc.

[0037] Next, the case of the pixels 10 in even-num-
bered columns will be described. For example, at the
pixel (i, j+1), when the scanning signal V(i) is on for the
1H period, a reversed image signal/Vs(j+1) is supplied
to the pixel electrode 3 serving as one of the electrodes
of the liquid crystal capacitance 4 and the auxiliary ca-
pacitance 5, so that a predetermined voltage is reached.
When the scanning signal Vg(i) becomes off, it is at-
tempted to maintain the voltage for the 1V period; how-
ever, since the auxiliary capacitance 5 is connected to
the modulating electrode 8, when the modulating signal
Vf(i+1) changes to the positive modulating voltage Vge+
or to the negative modulating voltage Vge-, the potential
Vd(i, j+1) of the pixel electrode 3 changes accordingly.
Thus, an effective voltage as well as the reversed image
signal/Vs(j+1) is applied to the liquid crystal capacitance
4. The same is performed at the pixel (i+1, j+1) and at
the pixel (i+2, j+1), etc., so that an image is displayed
on the entire screen.

[0038] As described above, according to the embod-
iment, by providing the modulating electrode 8 for ap-
plying the modulating signal Vf separately from the
scanning electrode 7, the amplitude of the scanning sig-
nal Vg output from the output IC is greatly reduced and
the level output is binary, so that the area of the IC chip
is greatly reduced. As a result, the cost of the IC is great-
ly reduced.

[0039] Moreover, by forming the auxiliary capacitance
5 not between the pixel electrode 3 and the scanning
electrode 7 like in the conventional display panel but be-
tween the pixel electrode 3 and the modulating elec-
trode 8 provided below the pixel electrode 3 with the light
transmitting insulating film 12 between as shown in
FIGs. 5(a) and 5(b), the load capacitance of the scan-
ning electrode 7 is reduced, so that the width of the scan-
ning electrode 7 can be reduced to significantly improve
the numerical aperture.

[0040] Further, according to the embodiment, since
the auxiliary capacitance 5 connected to the pixel elec-
trode 3 is formed between the pixel electrode 3 and a
modulating electrode 8 which differs for each column
and the polarity of the image signal Vs applied to the
signal electrodes 9 in odd-numbered columns and that
applied to the electrodes 9 in even-numbered columns
are opposite to each other, the potentials Vd of the pixel
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electrodes 3 are swung so as to cancel each other
through adjoining signal electrode-pixel electrode ca-
pacitances Csd, and Csd,, so that the potentials Vd of
the pixel electrodes 3 are not swung but become stable.
As aresult, crosstalk disappears and the display quality
is significantly improved.

[0041] While the scanning signal Vg, the image signal
Vs and the modulating signal Vf are supplied to the elec-
trodes in the description given above, the present inven-
tion can be embodied when these signals are all gener-
ated in an incorporated IC and supplied or are separate-
ly generated in an external IC and supplied.

[0042] While description has been given with respect
to the pixel-by-pixel structure in the embodiment, similar
effects are obtained in the case of a structure per RGB.
[0043] Conventionally, a modulating voltage for mod-
ulating the potential of a pixel electrode through an aux-
iliary capacitance is superimposed on a scanning signal
and applied to a scanning electrode. On the contrary,
modulating electrodes for applying a modulating voltage
are provided separately from the scanning electrodes.
Consequently, the amplitude of the scanning signal out-
put from the output IC so as to be applied to the scanning
electrode is greatly reduced and the level output is bi-
nary, so that the area of the IC chip is greatly reduced.
As a result, the cost of the IC is greatly reduced. More-
over, since a modulating electrode is provided below the
pixel electrode and no auxiliary capacitance is formed
between the pixel electrode and the scanning electrode,
the load capacitance of the scanning electrode is re-
duced, so that the width of the scanning electrode can
be reduced to significantly improve the numerical aper-
ture.

Claims

1. Aliquid crystal display panel in which a plurality of
pixel electrodes (3) are arranged in m rows and in
n columns on a light transmitting substrate, m rows
of scanning electrodes (7) and n columns of signal
electrodes (9) are perpendicularly arranged be-
tween said plurality of pixel electrodes, a thin film
transistor (2) in which a gate electrode is connected
to a scanning electrode in an i-th row, i being an
integer among 1 to m, a source electrode is con-
nected to a signal electrode in a j-th column, j being
an integer among 1 to n, and a drain electrode is
connected to a pixel electrode in the i-th row in the
j-th column is disposed at each intersection of said
scanning electrode and said signal electrode, a
counter electrode (6) which is opposed to said pixel
electrode with liquid crystal between is disposed,
and a modulating electrode arrangement is provid-
ed, between which and said pixel electrodes auxil-
iary capacitances (5) are formed,
characterised in that
the following modulating electrodes (8) are provid-
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ed: a modulating electrode in a first row between
which and said pixel electrode in the first row in a
p-th column, p being an odd number or an even
number among 1 to n, an auxiliary capacitance is
formed; a modulating electrode in a k-th row be-
tween which and said pixel electrode in a k-th row
in the p-th column, k being an integer among 2 to
m, and in the (k-1)-th row in a g-th column, q being
an integer other than p among 1 to n, the auxiliary
capacitance is formed; and a modulating electrode
in an (m+1)-th row between which and said pixel
electrode in the m-th row in the g-th column, the
auxiliary capacitance is formed.

2. Aliquid crystal display panel according to claim 1,

wherein said modulating electrodes in the first to the
(m+1)-th rows are formed by use of a light transmit-
ting conductive material, said modulating electrode
in the first row is provided between the pixel elec-
trode in the first row in the p-th column and the light
transmitting substrate with a light transmitting insu-
lating film between the pixel electrode in the first row
in the p-th column and the modulating electrode in
the first row, said modulating electrode in the k-th
row is provided between the pixel electrodes in the
k-th row in the p-th column and in the (k-1)-th row
in the g-th column and the light transmitting sub-
strate with the light transmitting insulating film be-
tween the pixel electrodes in the k-th row in the p-
th column and in the (k-1)-th row in the g-th column
and the modulating electrode in the k-th row, and
said modulating electrode in the (m+1)-th row is pro-
vided between the pixel electrode in the m-th row in
the g-th column and the light transmitting substrate
with the light transmitting insulating film between
the pixel electrode in the m-th row in the g-th column
and the modulating electrode in the (m+1)-th row.

3. A method of driving the liquid crystal display panel

according to claim 1 or 2, wherein a potential of the
pixel electrode is controlled through the auxiliary ca-
pacitance by supplying to the signal electrodes im-
age signals whose polarity is reversed at every col-
umn of the n columns of the signal electrodes, the
polarity of the image signal applied to each signal
electrode being reversed every horizontal scanning
period, and applying a positive modulating voltage
and a negative modulating voltage to each modu-
lating electrode.

Patentanspriiche

1. Flussigkristallanzeige, bei der eine Vielzahl von Pi-
xelelektroden (3) in m Zeilen und in n Spalten auf
einem lichtdurchlassigen Substrat angeordnet sind,
m Zeilen von Abtastelektroden (7) und n Spalten
von Signalelektroden (9) senkrecht zwischen der
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Vielzahl von Pixelelektroden angeordnet sind, ein
Dunnfilmtransistor (2), bei dem eine Gate-Elektro-
de mit einer Abtastelektrode in einer i-ten Zeile ver-
bunden ist, wobei i eine ganze Zahl zwischen 1 und
m ist, eine Source-Elektrode mit einer Signalelek-
trode in einer j-ten Spalte verbunden ist, wobei j ei-
ne ganze Zahl zwischen 1 und n ist, und eine Drain-
Elektrode mit einer Pixelelektrode in einer i-ten Zei-
le in der j-ten Spalte bei jeder Kreuzung der Abtast-
elektrode mit der Signalelektrode angeordnetiist, ei-
ne Gegenlektrode (6), die gegenliber der Pixelelek-
trode angeordnet ist, mit Flissigkristall dazwischen
angeordnet ist, und bei der eine Modulationselek-
trodenanordnung vorgesehen ist, zwischen der und
den Pixelelektroden zusétzliche Kondensatoren (5)
gebildet sind,

dadurch gekennzeichnet,

daB die folgenden Modulationselektroden (8) vor-
gesehen sind: eine Modulationselektrode in einer
ersten Zeile, zwischen der und der Pixelelektrode
in der ersten Zeile in einer p-ten Spalte, wobei p un-
geradzahlig oder geradzahlig ist als eine Zahl zwi-
schen 1 und n, eine Zusatzkapazitanz gebildet ist;
eine Modulationselektrode in einer k-ten Zeile, zwi-
schen derund der Pixelelektrode in einer k-ten Zeile
in der p-ten Spalte, wobei k eine ganze Zahl zwi-
schen 2 und m ist, und die (k-1)-te Zeile in einer g-
ten Spalte, wobei q eine andere ganze Zahl als p
zwischen 1 und n ist, die Zusatzkapazitanz gebildet
ist; und eine Modulationselektrode in einer (m+1)-
ten Zeile zwischen der Pixelelektrode in der m-ten
Zeile in der g-ten Spalte der Zusatzkapazitanz ge-
bildet ist.

Flissigkristallanzeige nach Anspruch 1, bei der die
Modulationselektroden in der ersten bis zur (m+1)-
ten Zeile gebildet sind unter Verwendung eines
lichtdurchlassigen leitfahigen Materials, wobei die
Modulationselektrode in der ersten Zeile vorgese-
hen ist zwischen der Pixelelektrode in der ersten
Zeile in der p-ten Spalte und dem lichtdurchlassigen
Substrat mit einem lichtdurchlassigen Isolationsfilm
zwischen der Pixelelektrode in der ersten Zeile in
der p-ten Spalte und der Modulationselektrode in
der ersten Zeile, wobei die Modulationselektrode in
der k-ten Zeile vorgesehen ist zwischen den Pixel-
elektroden in der k-ten Zeile in der p-ten Spalte und
in der (k-1)-ten Zeile in der g-ten Spalte und dem
lichtdurchlassigen Substrat mit dem lichtdurchlas-
sigen Isolationsfilm zwischen den Pixelelektroden
in der k-ten Zeile in der p-ten Spalte und in der (k-
1)-ten Zeile in der g-ten Spalte und der Modulati-
onselektrode in der k-ten Zeile, und bei der die Mo-
dulationselektrode in der (m+1)-ten Zeile zwischen
der Pixelelektrode vorgesehen istin der m-ten Zeile
in der g-ten Spalte und das lichtdurchlassige Sub-
strat mit dem lichtdurchléssigen Isolationsfilm zwi-
schen der Pixelelektrode in der m-ten Zeile in der
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g-ten Spalte und der Modulationselektrode in der
(m+1)-ten Zeile.

Verfahren zum Steuern der Flussigkristallanzeige
nach Anspruch 1 oder 2, bei dem ein Potential der
Pixelelektrode gesteuert wird durch die Zusatzka-
pazitanz durch Liefern von Bildsignalen an die Si-
gnalelektroden, wobei die Polaritat der Bildsignale
bei jeder Spalte der n Spalten der Signalelektroden
umgepoltist, wobei die Polaritat des an jede Signal-
elektrode angelegten Bildsignals bei jeder Horizon-
talabtastperiode umgepolt ist, und durch Anlegen
einer positiven Modulationsspannung und einer ne-
gativen Modulationsspannung an jede Modulati-
onselektrode.

Revendications

Panneau d'affichage a cristaux liquides dans lequel
une pluralité d'électrodes de pixels (3) sont dispo-
sées dans m rangées et dans n colonnes sur un
substrat de transmission de lumiére, m rangées
d'électrodes de balayage (7) et n colonnes d'élec-
trodes de signaux (9) sont disposées perpendicu-
lairement entre ladite pluralité d'électrodes de
pixels, un transistor a couche mince (2) dans lequel
une électrode de grille est reliée a une électrode de
balayage dans une i#Me rangée, i étant un nombre
entier de 1 a m, une électrode de source est reliée
a une électrode de signal dans une jéme colonne, j
étant un nombre entier de 1 a n, et une électrode
de drain qui est reliée a une électrode de pixel dans
lai®me rangée de la j*Me colonne est disposée a cha-
que intersection de ladite électrode de balayage et
de ladite électrode de signal, une contre électrode
(6) qui est opposée a ladite électrode de pixel, des
cristaux liquides étant disposés entre les deux, et
un agencement d'électrodes de modulation est pré-
vu, entre lequel et lesdites électrodes de pixels des
capacités auxiliaires (5) sont formées,
caractérisé en ce que les électrodes de mo-
dulation suivantes (8) sont prévues : une électrode
de modulation dans une premiére rangée entre la-
quelle et ladite électrode de pixel de la premiére
rangée dans une péMe colonne, p étant un nombre
impair ou un nombre pair de 1 a n, une capacité
auxiliaire est formée, une électrode de modulation
dans une kéme rangée entre laquelle et ladite élec-
trode de pixel d'une kM€ rangée de la pé™e colonne,
k étant un nombre entier de deux a m, et dans la (k
- 1)#me rangée dans une gMe colonne, q étant un
nombre entier autre que p, de 1 an, la capacité auxi-
liaire est formée, et une électrode de modulation
dans une (m + 1)éMe rangée entre laquelle et ladite
électrode de pixel de la méme rangée dans la géme
colonne, la capacité auxiliaire est formée.
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Panneau d'affichage a cristaux liquides selon la re-
vendication 1, dans lequel lesdites électrodes de
modulation dans les premiéres a (m + 1)®Me ran-
gées sontformées grace a l'utilisation d'un matériau
conducteur transmettant la lumiére, ladite électrode
de modulation de la premiére rangée est prévue en-
tre I'électrode de pixel de la premiére rangée de la
peéme colonne et le substrat de transmission de lu-
miére, avec un film isolant transmettant la lumiére
entre I'électrode de pixel de la premiéere rangée de
la peMme colonne et I'électrode de modulation de la
premiére rangée, ladite électrode de modulation
dans la kéme rangée est prévue entre les électrodes
de pixels dans la k®Me rangée dans la peme colonne
et dans la (k - 1)®™Me rangée de la g®™Me colonne et
le substrat transmettant la lumiére avec le film iso-
lant transmettant la lumiére entre les électrodes de
pixels dans la k®Me rangée dans la pé™e colonne et
dans la (k-1)8me rangée de la q®Me colonne et I'élec-
trode de modulation dans la kéMe rangée, et ladite
électrode de modulation dans la (m + 1)éme rangée
est prévue entre I'électrode de pixel dans la méme
rangée dans la g®Me colonne et le substrat trans-
mettant la lumiére, avec le film isolant transmettant
la lumiére entre I'électrode de pixel dans la méme
rangée dans la g®™e colonne et I'électrode de mo-
dulation dans la (m + 1)¢me rangée.

Procédé d'attaque du panneau d'affichage a cris-
taux liquides selon la revendication 1 ou 2, dans le-
quel un potentiel de I'électrode de pixel est com-
mandé par l'intermédiaire de la capacité auxiliaire
en appliquant aux électrodes de signal des signaux
image dont la polarité est inversée a chaque colon-
ne des n colonnes des électrodes de signaux, la po-
larité du signal d'image appliquée a chaque électro-
de de signal étant inversée a chaque période de ba-
layage horizontal et appliquant une tension de mo-
dulation positive et une tension de modulation né-
gative a chaque électrode de modulation.
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Fig. 3
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Fig. 4
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Fig. 6
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