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7) ABSTRACT

In a liquid crystal display device that uses a liquid crystal
material having spontaneous polarization and is actively
driven by a TFT, a voltage corresponding to image data is
applied twice by driving the TFT of each pixel electrode on
a line by line basis of a liquid crystal panel, during writing
in one frame. During erasure in one frame, voltage appli-
cation to liquid crystal by batch selection of all the pixel
electrodes is performed three times. With this three times of
voltage application, it is possible to achieve a black display
state in each pixel and make the stored charge amount at the
liquid crystal in each pixel substantially zero.
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DRIVING METHOD OF LIQUID CRYSTAL
DISPLAY DEVICE AND LIQUID CRYSTAL
DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a driving method
of a liquid crystal display device using a liquid crystal
material having spontaneous polarization and also relates to
a liquid crystal display device adopting the driving method.

[0002] Along with the recent development of so-called
information-oriented society, electronic apparatuses, such as
personal computers and PDA (Personal Digital Assistants),
have been widely used. Further, with the spread of such
electronic apparatuses, portable apparatuses that can be used
in offices as well as outdoors have been used, and there are
demands for small-size and light-weight of these appara-
tuses. Liquid crystal display devices have been widely used
as one of the means to satisfy such demands. Liquid crystal
display devices not only achieve small size and light weight,
but also include an indispensable technique in an attempt to
achieve low power consumption in portable electronic appa-
ratuses that are driven by batteries.

[0003] The liquid crystal display devices are mainly clas-
sified into the reflection type and the transmission type. In
the reflection type liquid crystal display devices, light rays
incident from the front face of a liquid crystal panel are
reflected by the rear face of the liquid crystal panel, and an
image is visualized by the reflected light; whereas in the
transmission type liquid crystal display devices, the image is
visualized by the transmitted light from a light source
(back-light) provided on the rear face of the liquid crystal
panel. Since the reflection type liquid crystal display devices
have poor visibility resulting from the reflected light amount
that varies depending on environmental conditions, the
transmission type liquid crystal display devices are generally
used as display devices of, particularly, personal computers
displaying a multi-color or full-color image.

[0004] TIn addition, the current color liquid crystal display
devices are generally classified into the STN (Super Twisted
Nematic) type and the TFI-TN (Thin Film Transistor-
Twisted Nematic) type, based on the liquid crystal materials
to be used. The STN type liquid crystal display devices have
comparatively low production costs, but they are not suit-
able for the display of a moving image because they are
susceptible to crosstalk and comparatively slow in the
response rate. In contrast, the TFI-TN type liquid crystal
display devices have better display quality than the STN
type, but they require a back-light with high intensity
because the light transmittance of the liquid crystal panel is
only 4% or so at present. For this reason, in the TFT-TN type
liquid crystal display devices, a lot of power is consumed by
the back-light, and there would be a problem when used with
a portable battery power source. Moreover, the TFT-TN type
liquid crystal display devices have other problems including
a low response rate, particularly, in displaying half tones, a
narrow viewing angle, and a difficult color balance adjust-
ment.

[0005] Therefore, in order to solve the above problems,
the present inventors et al. are carrying out the development
of a liquid crystal display device using a ferroelectric liquid
crystal having spontaneous polarization and a high response
rate of several hundreds to several us order with respect to
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an applied voltage. When a liquid crystal material having
spontaneous polarization is used as the liquid crystal mate-
rial, the liquid crystal molecules are always parallel to the
substrate irrespective of the presence or absence of applied
voltage, and the change in the refraction factor in the
viewing direction is much smaller compared with the con-
ventional STN type and TN type. It is thus possible to obtain
a wide viewing angle. Moreover, in a liquid crystal display
device in which a ferroelectric liquid crystal that is superior
in the response characteristics and the viewing angle to the
conventional liquid crystal materials is driven by a switching
element such as a TFT, it is possible to achieve a light
transmittance corresponding to the magnitude of the applied
voltage and display a half-tone image and a moving image.

[0006] This ferroelectric liquid crystal has the applied
voltage-light transmittance characteristics as shown in FIG.
1. More specifically, the light transmittance of the ferroelec-
tric liquid crystal varies depending on the polarity, and, for
example, when a positive voltage is applied, the light
transmittance is increased according to the applied voltage,
while when a negative voltage is applied, the light trans-
mittance becomes substantially zero irrespective of the
magnitude of the applied voltage. Accordingly, in the con-
ventional example, display is controlled by a drive sequence
as shown in FIG. 2.

[0007] In one frame for forming a display image, selective
scanning is performed twice for the pixel electrodes of each
line, and voltages of equal magnitude and opposite polarities
are alternately applied to the liquid crystal material at a
predetermined cycle and for a predetermined period. The
magnitude of the applied voltage corresponds to the image
data, and a display image is obtained (writing is performed)
by applying a voltage corresponding to the image data at the
beginning of each frame, and then the display image is
erased (erasure is performed) by applying a voltage having
different polarity and the same magnitude as the above
voltage. By repeating such writing and erasure in each
frame, the display of image is realized. Besides, writing and
erasure realizes display without variations in the screen
brightness and prevents variations in the charge so as to
eliminate image sticking of display.

[0008] In this driving method, as shown in FIG. 1, when
the applied voltage has the negative polarity, the transmit-
tance is substantially 0%, and thus black display is imple-
mented. Therefore, the time contributing to actual display is
a. half of the total time, and there is a problem that the light
utilization efficiency given by the ratio of the screen bright-
ness to the light source brightness is low (the screen bright-
ness/back-light brightness percentage is 6% 1in the conven-
tional example adopting the drive sequence shown in FIG.

2).

[0009] Furthermore, since the ferroelectric liquid crystal
has spontaneous polarization, it is necessary to store charges
twice more than the spontaneous polarization in each pixel
electrode for selective scanning of each pixel electrode, and
thus there is a problem that a liquid crystal material having
large spontaneous polarization can not be used in view of the
facts that the capacity of each pixel electrode and the drive
voltage are not so high.

[0010] Besides, when the incorporation of the liquid crys-
tal display device into a portable apparatus is taken into
consideration, it is preferred to drive the liquid crystal
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display device by a low voltage, but there is a problem that
driving by a sufficiently low voltage has not yet been
realized (the drive voltage is 12 V in the conventional
example using a ferroelectric liquid crystal having sponta-
neous polarization of 11 nC/em?).

BRIEF SUMMARY OF THE INVENTION

[0011] An object of the present invention is to provide a
driving method of a liquid crystal display device and a liquid
crystal display device, capable of improving the light utili-
zation efficiency.

[0012] Another object of the present invention is to pro-
vide a driving method of a liquid crystal display device and
a liquid crystal display device, capable of using a liquid
crystal material having large spontaneous polarization and
achieving a further reduction in the response time.

[0013] Still another object of the present invention is to
provide a driving method of a liquid crystal display device
and a liquid crystal display device, capable of reducing the
drive voltage.

[0014] In the driving method of liquid crystal display
device according to the present invention, with respect to the
liquid crystal display device comprising the common elec-
trode, pixel electrodes, liquid crystal material having spon-
taneous polarization sealed between the common electrode
and pixel electrodes and switching elements for switching
the liquid crystal material corresponding to each pixel
electrode, the voltage application to the liquid crystal mate-
rial by batch selection of a part or all of the pixel electrodes
is performed at least twice during the erasure of image data.
By performing such a voltage application by the batch
selection a plurality of times, it is possible to achieve a black
display state in each pixel and make the stored charge
amount at the liquid crystal material in each pixel substan-
tially zero. More specifically in the case where the voltage
application is performed twice, black display of each pixel
is realized by the first voltage application, and the stored
charge amount at the liquid crystal material in each pixel is
made substantially zero by the second voltage application.

[0015] With a prior art, it is necessary to charge the liquid
crystal material from a negative voltage value to a positive
voltage value, for example, and therefore it takes at most
twice a time for charging, resulting in a longer selection
period of one line. Moreover, in the prior art, a time
equivalent to a half of the entire time is taken to scan the
pixel electrodes corresponding to the image data to be
displayed and balance the stored charge amount at the liquid
crystal material in each pixel electrode by positive applica-
tion and negative application.

[0016] Whereas, in the present invention, since the voltage
application to the liquid crystal material by batch selection
of a part or all of the pixel electrodes is performed at least
twice so as to make the stored charge amount at liquid
crystal material in each pixel electrode substantially zero,
the time taken for balancing the charges biased to the liquid
crystal material can be significantly shortened compared to
the conventional example. Moreover, since the time taken
for applying a voltage corresponding to the image data to be
displayed to the liquid crystal material by selective scanning
of line can also be shortened significantly compared to the
prior art because the charge amount charged to the liquid
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crystal material becomes a half of a conventional amount.
The reason for this is that, during the application of the
voltage corresponding to the image data to be displayed to
the liquid crystal material, the stored charge amount at the
liquid crystal material immediately before the application is
fixed at substantially zero, and therefore it is only necessary
to charge from zero to zero or a voltage value of one polarity
(+ or - polarity) corresponding to the image data to be
displayed. Accordingly, since the time taken for balancing
the stored charge amount at liquid crystal material in each
pixel and the time taken for scanning the pixel electrodes
corresponding to the image data to be displayed are signifi-
cantly shortened, it is possible to increase the time contrib-
uting to actual display and improve the light utilization
efficiency.

[0017] Moreover, the period of the above-mentioned batch
selection is set longer than a time necessary for a response
of the liquid crystal material. Accordingly, it is possible to
secure a liquid crystal response in each pixel.

[0018] Aliquid crystal display device of the present inven-
tion that implements the above-described driving method
comprises a light source for emitting white color light and
color filters of a plurality of colors, and provides color
display by selectively transmitting the white color light from
the light source by using the color filters of a plurality of
colors.

[0019] Aliquid crystal display device of the present inven-
tion that implements the above-described driving method
comprises a light source for emitting light of a plurality of
different colors, and provides color display by a field-
sequential system without using color filters, by performing
time-division switching of the colors of light emitted by the
light source in synchronism with on/off driving of switching
elements.

[0020] The above and further objects and features of the
invention will more fully be apparent from the following
detailed description with accompanying drawings.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0021] FIG. 1is a graph showing the applied voltage-light
transmittance characteristics of a ferroelectric liquid crystal;

[0022] FIG. 2 is an illustration showing a conventional
drive sequence;
[0023] FIG. 3 is a block diagram of the entire structure of

a liquid crystal display device of the present invention;

[0024] FIG. 4 is a schematic perspective view showing a
structural example of a liquid crystal panel and back-light;

[0025] FIG. 5 is a schematic cross sectional view of the
liquid crystal panel;

[0026] FIG. 6 is an illustration showing a drive sequence
according to the first embodiment of the present invention;

[0027] FIG. 7 is an illustration showing a drive sequence
according to the second embodiment of the present inven-
tion;

[0028] FIG. 8 is an illustration showing a drive sequence
according to the first and second embodiments of the present
invention;
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[0029] FIG. 9 is an illustration showing a drive sequence
according to the third embodiment of the present invention;

[0030] FIG. 10 is an illustration showing a drive sequence
according to the fourth embodiment of the present invention;

[0031] FIG. 11 is an illustration showing a drive sequence
according to the third and fourth embodiments of the present
invention;

[0032] FIG. 12 is an illustration showing a drive sequence
according to the fifth embodiment of the present invention;

[0033] FIG. 13 is an illustration showing a drive sequence
according to the sixth embodiment of the present invention;

[0034] FIG. 14 is an illustration showing a drive sequence
according to the fifth and sixth embodiments of the present
invention;

[0035] FIG. 15 is an illustration showing a drive sequence
according to the seventh embodiment of the present inven-
tion;

[0036] FIG. 16 is an illustration showing a drive sequence
according to the eighth embodiment of the present inven-
tion;

[0037] FIG. 17 is an illustration showing a drive sequence
according to the seventh and eighth embodiments of the
present invention;

[0038] FIG. 18 is a schematic view showing an example
of the structure of a light source (LED array) according to
the ninth embodiment of the present invention;

[0039] FIG. 19 is an illustration showing an example of a
drive sequence according to the ninth embodiment of the
present invention;

[0040] FIG. 20 is an illustration showing another example
of a drive sequence according to the ninth embodiment of
the present invention;

[0041] FIG. 21 is an illustration showing still another
example of a drive sequence according to the ninth embodi-
ment of the present invention;

[0042] FIG. 22 is an illustration showing yet another
example of a drive sequence according to the ninth embodi-
ment of the present invention;

[0043] FIG. 23 is an illustration showing yet another
example of a drive sequence according to the ninth embodi-
ment of the present invention; and

[0044] FIG. 24 is an illustration showing yet another
example of a drive sequence according to the ninth embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0045] The following description will specifically explain
the present invention with reference to the drawings illus-
trating some embodiments thereof. It should be noted that
the present invention is not limited to the following embodi-
ments.

[0046] FIG. 3 is a block diagram of the entire structure of
a liquid crystal display device of the present invention, FIG.
4 is a schematic perspective view showing a structural
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example of a liquid crystal panel and back-light, and FIG.
5 is a schematic cross sectional view of the liquid crystal
panel.

[0047] As shown in FIG. 5, a liquid crystal panel 1 is
constituted by a glass substrate 4 having a common elec-
trode 2 and an RGB color filter/black matrix 3 arranged in
a matrix form and a glass substrate 6 having pixel electrodes
5 arranged in a matrix form and TFTs 21 connected to the
respective pixel electrodes 5 (see FIG. 4), which are stacked
in this order from the upper layer (surface) side to the lower
layer (rear face) side; alignment films 7 and 8 are arranged
on the upper face of the pixel electrodes 5 on the glass
substrate 6 and the lower face of the RGB color filter/black
matrix 3, respectively; and a liquid crystal layer 9 is formed
by filling the space between these alignment films 7 and 8
with a liquid crystal material as a ferroelectric liquid crystal.
Note that numeral 10 represents spacers for maintaining the
layer thickness of the liquid crystal layer 9. As shown in
FIG. 4, this liquid crystal panel 1 is sandwiched by two
pieces of polarization films 11 and 12, and further a back-
light 26 is disposed under the liquid crystal panel 1.

[0048] The individual pixel electrodes 5 are selectively
driven by on/off control of the TFTs 21, and the individual
TETs 21 are selectively turned on/off by inputting drive
signals through a data driver 22 to a signal line 23 and
inputting scan signals sequentially supplied on a line by line
basis from a scan driver 24 to a scanning line 25. The
intensity of transmitted light of the individual pixel is
controlled by a voltage supplied through the TFT 21. The
back-light 26 which comprises a light source 26a emitting
white light and a light-guiding and light-diffusion plate 26b,
is disposed on the lower layer (rear face) side of the liquid
crystal panel 1 and driven by a back-light power circuit 27.

[0049] An image memory 31 receives an input of display
data to be displayed on the liquid crystal panel 1 from an
external device, for example, a personal computer. A control
signal generation circuit 32 generates a synchronous control
signal for synchronizing various processing, and outputs the
generated synchronous control signal to the image memory
31, the data driver 22, the scan driver 24, a reference voltage
generation circuit 33, a common electrode voltage genera-
tion circuit 34 and the back-light power circuit 27.

[0050] After temporarily storing the display data, the
image memory 31 sends the display data to the data driver
22 in synchronism with the synchronous control signal. The
reference voltage generation circuit 33 generates reference
voltages for use in the data driver 22 and the scan driver 24,
respectively, and outputs the reference voltages to the
respective drivers. The common electrode voltage genera-
tion circuit 34 generates a common electrode voltage
(Vcom), and applies it to the common electrode 2 and also
outputs it to the data driver 22.

[0051] During writing, the data driver 22 outputs a signal
to a signal lines 23 of the pixel electrodes 5, based on the
image data outputted from the image memory 31. The scan
driver 24 scans sequentially the scanning lines 25 of the
pixel electrodes 5 on a line by line basis. According to the
output of the signal from the data driver 22 and the scanning
of the scan driver 24, the TFTs 21 are driven and the voltage
is applied to the pixel electrodes 5, thereby controlling the
intensity of the transmitted light of the liquid crystal layer 9
corresponding to the pixel electrodes 5.
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[0052] On the other hand, during erasure, all of the pixel
electrodes § are simultaneously selected (batch selection),
and application of voltage is performed at least twice. In this
case, during the first voltage application, a voltage that is
substantially equal to or larger than the maximum value of
a voltage corresponding to the image data and has different
polarity is applied to the liquid crystal to achieve a black
display state in all of the pixel electrodes 5. Moreover, in this
case, during the last voltage application, a voltage nearly
equal to the common electrode voltage (Vcom) is applied to
make the stored charge amount at the liquid crystal in all the
pixel electrodes 5 substantially zero.

[0053] Next, specific embodiments of the present inven-
tion will be explained. Note that the first through fourth
embodiments described below are examples which are
designed to select all the pixel electrodes simultaneously a
plurality of times (preferably two or three times) during the
erasure of data and apply a voltage to the liquid crystal in
each of the selection periods, and thereby make it possible
to perform voltage application to the liquid crystal by
simultaneous selection of all the pixel electrodes a plurality
of times (two or three times). In this case, a time necessary
for a sufficient response of the liquid crystal is set between
adjacent voltage applications.

[0054] Morcover, the fifth and eighth embodiments are
examples which are designed to select all the pixel elec-
trodes simultaneously once during the erasure of data and
apply a voltage to the liquid crystal a plurality of times
(preferably twice) in the selection period, and thereby make
it possible to perform voltage application to the liquid
crystal by simultaneous selection of all the pixel electrodes
a plurality of times (twice). In this case, the selection period
is set longer than a time necessary for a sufficient response
of the liquid crystal.

[0055] First Embodiment

[0056] First, the liquid crystal panel 1 shown in FIGS. 4
and 5 was fabricated as follows. After washing a TFT
substrate having the pixel electrodes 5 (800x600 pixels with
a diagonal length of 12.1 inches) and a common electrode
substrate having the common electrode 2 and the RGB color
filter/black matrix 3, they were coated with polyimide and
then baked for one hour at 200° C. to form the alignment
films 7 and 8 made of about 200 A thick polyimide films.

[0057] Further, these alignment films 7 and 8 were rubbed
with a cloth made of rayon, and stacked with a gap being
maintained therebetween by the spacers 10 made of silica
having an average particle size of 1.6 um so as to fabricate
an empty panel. A ferroelectric liquid crystal material com-
posed mainly of naphthalene-based liquid crystals (for
example, a material disclosed by A. Mochizuki, et. al.:
Ferroelectrics, 133,353 (1991)) was sealed in this empty
panel to form the liquid crystal layer 9. The magnitude of
spontaneous polarization of the sealed ferroelectric liquid
crystal material was 6 nC/cm®.

[0058] The fabricated panel was sandwiched by two polar-
izing films 11 and 12 maintained in a crossed-Nicol state so
that a dark state was produced when the long-axis direction
of the ferroelectric liquid crystal molecules of the liquid
crystal layer 9 titled to one direction, thereby forming the
liquid crystal panel 1. This liquid crystal panel 1 and the
back-light 26 were stacked to construct a liquid crystal
display device.
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[0059] Next, according to the drive sequences shown in
FIGS. 6 and 8, the TFTs 21 of the respective pixel elec-
trodes 3 were driven on a line by line basis to apply a voltage
corresponding to the image data. The selection period of
each line was 7 us, and the time necessary for the entire
writing was (7xn) s (n is the number of lines). According
to the conventional drive sequence shown in FIG. 2, since
the selection period of each line was 13 us, the speed was
increased compared to the conventional example. Note that
the order of scanning lines was reversed between adjacent
frames so as to prevent variations in the screen brightness.
The data-erasing scanning was performed twice.

[0060] The maximum applied voltage to the liquid crystal
corresponding to the image data was made (the applied
voltage to the common electrode 2 (Vcom)+7) V, the first
applied voltage to the liquid crystal by batch selection of all
the pixel electrodes (batch selection of all the lines) during
erasure was made (Vcom-7) V, and the second applied
voltage was made equal to Vcom. Moreover, a time interval
of 500 us in which the liquid crystal can respond sufficiently
was set between the first voltage application and the second
voltage application. The time of one frame was made Yo s,
and the above-described writing of the image data and two
times of voltage application to the liquid crystal by batch
selection of all the pixel electrodes (erasure) were designed
to be completed within each frame. The back-light 26 was
always turned on.

[0061] As a result, the time contributing to the screen
brightness (a portion with no hatching in FIG. 6) became
longer compared to the conventional example of FIG. 2, a
light utilization efficiency (screen brightness/back-light
brightness percentage) of 10% that was superior to the
conventional example (6%) was achieved, and bright and
clear display was obtained. Furthermore, since the charge
amount in liquid crystal was made substantially zero and
variations in the charge were eliminated by the erasure of the
present invention, image sticking of display was reduced.

[0062]

[0063] A liquid crystal display device was constructed by
stacking the liquid crystal panel 1 fabricated under the same
conditions as in the first embodiment and the back-light 26
formed of LEDs of easy switching.

[0064] In addition, according to the drive sequences
shown in FIGS. 7 and 8, the TFTs 21 of the respective pixel
electrodes 5 were driven on a line by line basis to apply a
voltage corresponding to the image data. The selection
period of each line was made 7 us. The data-erasing scan-
ning was performed twice.

[0065] The maximum applied voltage to the liquid crystal
corresponding to the image data was made (Vcom+7) V, the
first applied voltage to the liquid crystal by batch selection
of all the pixel electrodes (batch selection of all the lines)
during erasure was made (Vcom-8) V, and the second
applied voltage was made equal to Vcom. Moreover, a time
interval of 500 us in which the liquid crystal can respond
sufficiently was set between the first voltage application and
the second voltage application. The time of one frame was
made Y60 s, and the above-described writing of the image
data and two times of voltage application to the liquid crystal
by batch selection of all the pixel electrodes (erasure) were
designed to be completed within each frame.

Second Embodiment
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[0066] As shown in FIG. 7, the back-light 26 was turned
on only after data-writing scanning of all the pixel elec-
trodes. In this manner, the utilization efficiency of the
back-light 26 was increased.

[0067] As aresult, a light utilization efficiency of 12% that
was superior to the conventional example (6%) and the first
embodiment (10%) was achieved, and bright and clear
display was obtained. In addition, like the first embodiment,
image sticking of display was reduced.

[0068] Third Embodiment

[0069] Like the first embodiment, after washing a TFT
substrate having the pixel electrodes 5 (800x600 pixels with
a diagonal length of 12.1 inches) and a common eclectrode
substrate having the common electrode 2 and the RGB color
filter/black matrix 3, they were coated with polyimide and
then baked for one hour at 200° C. to form the alignment
films 7 and 8 made of about 200 A thick polyimide films.

[0070] Further, these alignment films 7 and 8 were rubbed
with a cloth made of rayon, and stacked with a gap being
maintained therebetween by the spacers 10 made of silica
having an average particle size of 1.6 um so as to fabricate
an empty panel. A ferroelectric liquid crystal material com-
posed mainly of naphthalene-based liquid crystals (for
example, a material disclosed by A. Mochizuki, et. al.:
Ferroelectrics, 133,353 (1991)) was sealed in this empty
panel to form the liquid crystal layer 9. The magnitude of
spontaneous polarization of the sealed ferroelectric liquid
crystal material was 11 nC/cm?.

[0071] The fabricated panel was sandwiched by two polar-
izing films 11 and 12 maintained in a crossed-Nicol state so
that a dark state was produced when the long-axis direction
of the ferroelectric liquid crystal molecules titled to one
direction, thereby forming the liquid crystal panel 1. This
liquid crystal panel 1 and the back-light 26 were stacked to
construct a liquid crystal display device.

[0072] Then, according to the drive sequences shown in
FIGS. 9 and 11, the TFTs 21 of the respective pixel
electrodes 5 were driven on a line by line basis to apply a
voltage corresponding to the image data twice. The selection
period of each line was made 7 us, and the order of scanning
lines is reversed between adjacent frames like the first
embodiment so as to prevent variations in the screen bright-
ness. The data-erasing scanning was performed three times.

[0073] The maximum applied voltage to the liquid crystal
corresponding to the image data was made (Vecom+7) V, the
first and second applied voltages to the liquid crystal by
batch selection of all the pixel electrodes (batch selection of
all the lines) during erasure were made (Vecom—7) V, and the
third applied voltage was made equal to Vcom. Moreover, a
time interval of 300 us in which the liquid crystal can
respond sufficiently was set between the first voltage appli-
cation and the second voltage application and also between
the second voltage application and the third voltage appli-
cation. The time of one frame was made %o s, and the
above-described writing of the image data and three times of
voltage application to the liquid crystal by batch selection of
all the pixel electrodes (erasure) were designed to be com-
pleted within each frame. The back-light 26 was always
turned on.

[0074] As aresult, even when a ferroelectric liquid crystal
having large spontaneous polarization was used, it was
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driven with a lower drive voltage (7 V) than that of the
conventional example (12 V), a light utilization efficiency of
9% that was superior to the conventional example (6%) was
achieved, and bright and clear display was obtained. In
addition, like the first embodiment, image sticking of display
was reduced.

[0075]

[0076] A liquid crystal display device was constructed by
stacking the liquid crystal panel 1 fabricated under the same
conditions as in the third embodiment and the back-light 26
formed of LEDs of easy switching.

[0077] In addition, according to the drive sequences
shown in FIGS. 10 and 11, the TFTs 21 of the respective
pixel electrodes 5 were driven on a line by line basis to apply
a voltage corresponding to the image data. The selection
period of each line was made 7 us. The data-erasing scan-
ning was performed three times.

[0078] The maximum applied voltage to the liquid crystal
corresponding to the image data was made (Vcom+7) V, the
first and second applied voltages to the liquid crystal by
batch selection of all the pixel electrodes (batch selection of
all the lines) during erasure was made (Vcom-7) V, and the
third applied voltage was made equal to Vcom. Moreover, a
time interval of 300 us in which the liquid crystal can
respond sufficiently was set between the first voltage appli-
cation and the second voltage application and also between
the second voltage application and the third voltage appli-
cation, The time of one frame was made Y60 s, and the
above-described writing of the image data and three times of
voltage application to the liquid crystal by batch selection of
all the pixel electrodes (erasure) were designed to be com-
pleted within each frame.

[0079] As shown in FIG. 10, the back-light 26 was turned
on only after the second data-writing scanning of all the
pixel electrodes. In this manner, the utilization efficiency of
the back-light 26 was increased.

[0080] As aresult, even when a ferroelectric liquid crystal
having large spontanecous polarization was used, it was
driven with a low drive voltage of 7 V, a light utilization
efficiency of 11% that was superior to the conventional
example (6%) and the third embodiment (9%) was achieved,
and bright and clear display was obtained. In addition, like
the first embodiment, image sticking of display was reduced.

[0081]

[0082] First, the liquid crystal panel 1 shown in FIGS. 4
and 5 was fabricated as follows. After washing a TFT
substrate having the pixel electrodes 5 (800x600 pixels with
a diagonal length of 12.1 inches) and a common electrode
substrate having the common electrode 2 and the RGB color
filter/black matrix 3, they were coated with polyimide and
then baked for one hour at 200° C. to form the alignment
films 7 and 8 made of about 200 A thick polyimide films.

[0083] Further, these alignment films 7 and 8 were rubbed
with a cloth made of rayon, and stacked with a gap being
maintained therebetween by the spacers 10 made of silica
having an average particle size of 1.6 um so as to fabricate
an empty panel. The rubbing direction was antiparallel. A
bistable ferroelectric liquid crystal material was sealed in
this empty panel to form the liquid crystal layer 9. The

Fourth Embodiment

Fifth Embodiment
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magnitude of spontaneous polarization of the sealed ferro-
electric liquid crystal material was 6 nC/cm?.

[0084] The fabricated panel was sandwiched by two polar-
izing films 11 and 12 maintained in a crossed-Nicol state so
that a dark state was produced when the long-axis direction
of the ferroelectric liquid crystal molecules of the liquid
crystal layer 9 titled to one direction, thereby forming the
liquid crystal panel 1. This liquid crystal panel 1 and the
back-light 26 were stacked to construct a liquid crystal
display device.

[0085] Next, according to the drive sequences shown in
FIGS. 12 and 14, the TFTs 21 of the respective pixel
electrodes 5 were driven on a line by line basis to apply a
voltage corresponding to the image data. The selection
period of each line was 7 us, and the time necessary for the
entire writing was (7xn) us (n is the number of lines).
According to the conventional drive sequence shown in
FIG. 2, since the selection period of each line was 13 us, the
speed was increased compared to the conventional example.
Note that the order of scanning lines was reversed between
adjacent frames so as to prevent variations in the screen
brightness. The data-erasing scanning was performed once.

[0086] The maximum applied voltage to the liquid crystal
corresponding to the image data was made (Vecom+7) V, the
first applied voltage to the liquid crystal by batch selection
of all the pixel electrodes (batch selection of all the lines)
during erasure was made (Vcom-7) V, and the second
applied voltage was made equal to Vcom. Further, the time
of the batch selection of all the pixel electrodes was set 300
us in which the liquid crystal could respond sufficiently, and
the first voltage application time and the second voltage
application time were set 280 us and 20 us, respectively. The
time of one frame was made Yo s, and the above-described
writing of the image data and two times of voltage appli-
cation to the liquid crystal by batch selection of all the pixel
electrodes were designed to be completed within each frame.
The back-light 26 was always turned on.

[0087] As a result, the time contributing to the screen
brightness (a portion with no hatching in FIG. 12) became
longer compared to the conventional example of FIG. 2, a
light utilization efficiency of 10% that was superior to the
conventional example (6%) was achieved, and a bright and
clear display was obtained. In addition, like the first embodi-
ment, image sticking of display was reduced.

[0088] Sixth Embodiment

[0089] An empty panel was fabricated under the same
conditions as in the fifth embodiment. However, the rubbing
direction was made parallel. A monostable ferroelectric
liquid crystal material was sealed in this empty panel to form
the liquid crystal layer 9. The magnitude of spontaneous
polarization of the sealed ferroelectric liquid crystal material
was 6 nC/cm®.

[0090] The fabricated panel was sandwiched by two polar-
izing films 11 and 12 maintained in a crossed-Nicol state so
that a dark state was produced when the long-axis direction
of the ferroelectric liquid crystal molecules of the liquid
crystal layer 9 was in the direction of no voltage application,
thereby forming the liquid crystal panel 1. This liquid crystal
panel 1 and the back-light 26 were stacked to construct a
liquid crystal display device.
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[0091] Next, according to the drive sequences shown in
FIGS. 13 and 14, the TFIs 21 of the respective pixel
electrodes 5 were driven on a line by line basis to apply a
voltage corresponding to the image data. The selection
period of each line was made 7 us. The data-erasing scan-
ning was performed once.

[0092] The maximum applied voltage to the liquid crystal
corresponding to the image data was made (Vecom+7) V, the
first applied voltage to the liquid crystal by batch selection
of all the pixel electrodes (batch selection of all the lines)
during erasure was made (Vcom-8) V, and the second
applied voltage was made equal to Vcom. Further, the time
of the batch selection of all the pixel electrodes was set 250
us in which the liquid crystal could respond sufficiently, and
the first voltage application time and the second voltage
application time were set 225 us and 25 us, respectively. The
time of one frame was made Yo s, and the above-described
writing of the image data and two times of voltage appli-
cation to the liquid crystal by batch selection of all the pixel
electrodes were designed to be completed within each frame.

[0093] As shown in FIG. 13, the back-light 26 was turned
on only after the data-writing scanning to all the pixel
electrodes. In this manner, the utilization efficiency of the
back-light 26 was improved.

[0094] As a result, a light utilization efficiency of 12%
which was superior to the conventional example (6%) and
the fifth embodiment (10%) was achieved, and a bright and
clear display was obtained. In addition, like the first embodi-
ment, image sticking of display was reduced.

[0095]

[0096] An empty panel was fabricated under the same
conditions as in the sixth embodiment. A bistable ferroelec-
tric liquid crystal material was sealed in this empty panel to
form the liquid crystal layer 9. The magnitude of spontane-
ous polarization of the sealed ferroelectric liquid crystal
material was 11 nC/cm?.

[0097] The fabricated panel was sandwiched by two polar-
izing films 11 and 12 maintained in a crossed-Nicol state so
that a dark state was produced when the long-axis direction
of the ferroelectric liquid crystal molecules of the liquid
crystal layer 9 titled to one direction, thereby forming the
liquid crystal panel 1. This liquid crystal panel 1 and the
back-light 26 were stacked to construct a liquid crystal
display device.

[0098] Next, according to the drive sequences shown in
FIGS. 15 and 17, the TFTs 21 of the respective pixel
electrodes 5 were driven on a line by line basis to apply a
voltage corresponding to the image data twice. The selection
period of each line was made 7 us. Note that the order of
scanning lines was reversed between adjacent frames so as
to prevent variations in the screen brightness. The data-
erasing scanning was performed once.

[0099] The maximum applied voltage to the liquid crystal
corresponding to the image data was made (Vcom+7) V, the
first applied voltage to the liquid crystal by batch selection
of all the pixel ¢lectrodes (batch selection of all the lines)
during erasure was made (Vcom-7) V, and the second
applied voltage was made equal to Vcom. Further, the time
of the batch selection of all the pixel electrodes was set 200
us in which the liquid crystal could respond sufficiently, and

Seventh Embodiment
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the first voltage application time and the second voltage
application time were set 180 us and 20 us, respectively. The
time of one frame was made Yo s, and the above-described
writing of the image data and two times of voltage appli-
cation to the liquid crystal by batch selection of all the pixel
electrodes were designed to be completed within each frame.

[0100] As aresult, even when a ferroelectric liquid crystal
with large spontaneous polarization was used, it was pos-
sible to drive the liquid crystal display device by a drive
voltage (7 V) lower than the conventional example (12 V),
and a light utilization efficiency of 9% which was superior
to the conventional example (6%) was achieved and a bright
and clear display was obtained. In addition, like the first
embodiment, image sticking of display was reduced.

[0101] Eighth Embodiment

[0102] An empty panel was fabricated under the same
conditions as in the fifth embodiment. A monostable ferro-
electric liquid crystal material was sealed in this empty panel
to form the liquid crystal layer 9. The magnitude of spon-
taneous polarization of the sealed ferroelectric liquid crystal
material was 11 nC/cm?.

[0103] The fabricated panel was sandwiched by two polar-
izing films 11 and 12 maintained in a crossed-Nicol state so
that a dark state was produced when the long-axis direction
of the ferroelectric liquid crystal molecules of the liquid
crystal layer 9 was in the direction of no voltage application,
thereby forming the liquid crystal panel 1. This liquid crystal
panel 1 and the back-light 26 were stacked to construct a
liquid crystal display device.

[0104] Next, according to the drive sequences shown in
FIGS. 16 and 17, the TFTs 21 of the respective pixel
electrodes 5 were driven on a line by line basis to apply a
voltage corresponding to the image data twice. The selection
period of each line was made 7 us. The data-erasing scan-
ning was performed once.

[0105] The maximum applied voltage to the liquid crystal
corresponding to the image data was made (Vcom+7) V, the
first applied voltage to the liquid crystal by batch selection
of all the pixel electrodes (batch selection of all the lines)
during erasure was made (Vcom-7) V, and the second
applied voltage was made equal to Vcom. Further, the time
of the batch selection of all the pixel electrodes was set 200
us in which the liquid crystal could respond sufficiently, and
the first voltage application time and the second voltage
application time were set 180 us and 20 us, respectively. The
time of one frame was made Y60 s, and the above-described
writing of the image data and two times of voltage appli-
cation to the liquid crystal by batch selection of all the pixel
electrodes were designed to be completed within each frame.

[0106] As aresult, even when a ferroelectric liquid crystal
with large spontaneous polarization was used, it was pos-
sible to drive the liquid crystal display device by a drive
voltage (7 V) lower than the conventional example (12 V),
and a light utilization efficiency of 11% which was superior
to the conventional example (6%) was achieved and a bright
and clear display was obtained. In addition, like the first
embodiment, image sticking of display was reduced.

[0107] Ninth Embodiment

[0108] While the above-described embodiments illustrate
examples in which a light source 264 of white color light is
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used and color display is realized by selectively transmitting
the white color light by using the color filters, it is of course
possible to apply the present invention to a field-sequential
type liquid crystal display device that achieves color display
by using a light source for emitting light of a plurality of
colors as the back-light, switching the colors of the light
emitted by the back-light and synchronizing the switching of
the colors of the emitted light and the switching of the liquid
crystal.

[0109] FIG. 18 is a schematic view showing an example
of the structure of a light source 26c in such a field-
sequential type liquid crystal display device. This light
source 26¢ is an LED array in which LEDs for emitting three
primary colors, namely, red (R), green (G) and blue (B), are
sequentially and repeatedly aligned on a plane facing a light
guiding and light-diffusion plate 26b. The back-light 26
comprises this light source 26¢c (LED array) and light
guiding and light diffusion plate 26b.

[0110] Then, one frame of Yo seconds is divided into three
sub-frames of %iso seconds, and the red, green and blue
LEDs are caused to emit light sequentially in the first
through third sub-frames, respectively. By switching the
respective pixels on a line by line basis in synchronism with
such sequential emission of light of the respective colors,
color display is provided. In each the sub-frames of the red,
green and blue colors, data-writing scanning is performed
once or twice, and data-erasing scanning is carried out once
or twice. Examples of such a drive sequence are illustrated
in FIG. 19 through FIG. 24. In the examples shown in FIG.
19, FIG. 20 and FIG. 23, the data-writing scanning is
performed once and the data-erasing scanning is carried out
twice, while, in the examples shown in FIG. 21, FIG. 22 and
FIG. 24, the data-writing scanning is performed twice and
the data-erasing scanning is carried out once.

[0111] Further, in the ninth embodiment, during the era-
sure of data in each sub-frame, all the pixel electrodes are
selected simultaneously and a voltage is applied to the pixel
electrodes a plurality of times, according to a drive sequence
as shown in FIG. 8, FIG. 11, FIG. 14 or FIG. 17.

[0112] Note that, in the above-described examples, while
all the pixel electrodes are simultaneously selected and a
voltage is applied thereto, it is also possible to produce a
black display state in each pixel and make the stored charge
amount in the liquid crystal of each pixel substantially zero
by repeating batch selection of the pixel electrodes of a
plurality of lines and application of a voltage thereto.

[0113] Moreover, while the examples using bistable or
monostable ferroelectric liquid crystals as the liquid crystal
material are explained, it is also possible to adopt antifer-
roelectric liquid crystal or other liquid crystal materials
(nematic liquid crystal, cholesteric liquid crystal, etc.).

[0114] As described above, in the present invention, since
voltage application to the liquid crystal material by batch
selection of a part or all of the pixel electrodes is performed
a plurality of times during erasure of data, it is possible to
improve the light utilization efficiency. Furthermore, since
the charge amount in liquid crystal is made substantially
zero and variations in the charge are eliminated by the
erasure of the present invention, it is possible to reduce
image sticking of display.

[0115] Besides, since the voltage application to the liquid
crystal material corresponding to the image data is carried
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out a plurality of times during writing, it is possible to use
a liquid crystal material having large spontaneous polariza-
tion and excellent response characteristics and to reduce the
drive voltage.

[0116] As this invention may be embodied in several
forms without departing from the spirit of essential charac-
teristics thereof, the present embodiment is therefore illus-
trative and not restrictive, since the scope of the invention is
defined by the appended claims rather than by the descrip-
tion preceding them, and all changes that fall within metes
and bounds of the claims, or equivalence of such metes and
bounds thereof are therefore intended to be embraced by the
claims.

1. A method for driving a liquid crystal display device
comprising a common electrode, a plurality of pixel elec-
trodes, a liquid crystal material having spontaneous polar-
ization sealed between the common electrode and the plu-
rality of pixel electrodes, and switching elements provided
for the plurality of pixel electrodes, respectively, for con-
trolling voltage application to the liquid crystal material,
comprising the steps of:

writing image data by applying a voltage to the liquid
crystal material corresponding to each of the plurality
of pixel electrodes; and

erasing the image data by applying a voltage to the liquid
crystal material corresponding to each of the plurality
of pixel electrodes,

wherein, during the erasure of image data, voltage appli-
cation to the liquid crystal material by batch selection
of a part or all of the plurality of pixel electrodes is
performed a plurality of times, and voltage application
to the liquid crystal material is performed in each of a
plurality of selection periods in which a part or all of
the plurality of pixel electrodes are simultaneously
selected.

2. The driving method of a liquid crystal display device of

claim 1, wherein

a time interval necessary for a response of the liquid
crystal material is set between sequential voltage appli-
cations during a plurality of times of voltage applica-
tion to the liquid crystal material by the batch selection.

3. A method for driving a liquid crystal display device

comprising a common electrode, a plurality of pixel elec-
trodes, a liquid crystal material having spontaneous polar-
ization sealed between the common electrode and the plu-
rality of pixel electrodes, and switching elements provided
for the plurality of pixel electrodes, respectively, for con-
trolling voltage application to the liquid crystal material,
comprising the steps of:

writing image data by applying a voltage to the liquid
crystal material corresponding to each of the plurality
of pixel electrodes; and

erasing the image data by applying a voltage to the liquid
crystal material corresponding to each of the plurality
of pixel electrodes,

wherein, during the erasure of image data, voltage appli-
cation to the liquid crystal material by batch selection
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of a part or all of the plurality of pixel electrodes is
performed a plurality of times, and voltage application
to the liquid crystal material is performed a plurality of
times in a single selection period in which a part or all
of the plurality of pixel electrodes are simultaneously
selected.

4. The driving method of a liquid crystal display device of

claim 3, wherein

the single selection period is longer than a time necessary
for a response of the liquid crystal material.
5. A liquid crystal display device comprising:

a liquid crystal panel including a common electrode, a
plurality of pixel electrodes, a liquid crystal material
having spontaneous polarization sealed between the
common electrode and the plurality of pixel electrodes,
and switching elements provided for the plurality of
pixel electrodes, respectively, for controlling voltage
application to the liquid crystal material,

a driving unit for writing and erasing image data on said
liquid ecrystal panel by voltage application to the liquid
crystal material corresponding to each of the plurality
of pixel electrodes, said driving unit performing volt-
age application to the liquid crystal material by batch
selection of a part or all of the plurality of pixel
electrodes a plurality of times during the erasure of
image data,

a light source for emitting white color light; and
color filters of a plurality of colors,

wherein color display is provided by selectively transmit-
ting the emitted light from said light source by using
said color filters.

6. A liquid crystal display device comprising:

a liquid crystal panel including a common electrode, a
plurality of pixel electrodes, a liquid crystal material
having spontaneous polarization sealed between the
common electrode and the plurality of pixel electrodes,
and switching elements provided for the plurality of
pixel electrodes, respectively, for controlling voltage
application to the liquid crystal material,

a driving unit for writing and erasing image data on said
liquid crystal panel by voltage application to the liquid
crystal material corresponding to each of the plurality
of pixel electrodes, said driving unit performing volt-
age application to the liquid crystal material by batch
selection of a part or all of the plurality of pixel
electrodes a plurality of times during the erasure of
image data; and

a light source for emitting light of a plurality of different
colors,

wherein color display is provided by performing time-
division switching of the colors of light emitted by said
light source in synchronism with on/off driving of the
switching elements.
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