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(54) FERROELECTRIC LIQUID CRYSTAL DISPLAY

(57)  The invention relates to a ferroelectric liquid
crystal display in which the trailing phenomenon is elim-
inated by providing an optimum reset period.

The ferroelectric liquid crystal display has a reset
period for resetting the ferroelectric liquid crystal to a
black display state before starting the scanning period,
and includes a mechanism for adjusting the length of
the reset period in accordance with the display data,

thus setting an optimum reset period corresponding to
the display data. The reset period is provided for each
pixel. Also, the reset period can be provided at the same
timing so that all the pixels may be reset at the same
time. The ferroelectric liquid crystal panel includes a
backlight, which is turned off during the reset period and
turned on during the remaining period. A mechanism is
provided for adjusting the brightness of the backlight in
accordance with the length of the reset period.
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to a ferroelectric
liquid crystal display such as a liquid crystal display pan-
el or a liquid crystal light shutter array having a liquid
crystal layer of ferroelectric liquid crystal.

BACKGROUND ART

[0002] Generally, ferroelectric liquid crystal molecules
are known to move along the side surface of a cone
(hereinafter referred to as "the liquid crystal cone") with
the change of an external object such as the electric
field. In the case where the ferroelectric liquid crystal is
held between a pair of substrates and used as a liquid
crystal panel, the ferroelectric liquid crystal is controlled
in such a manner that the ferroelectric liquid crystal mol-
ecules are located at one of the two places on the side
surface of the liquid crystal cone. The stable state in
which the liquid crystal molecules are located at one of
the two places is called a first ferroelectric state or a sec-
ond ferroelectric state, as the case may be.

[0003] Fig. 1is a diagram showing an example of the
configuration of a ferroelectric liquid crystal panel when
the ferroelectric liquid crystal is used as a display. A lig-
uid crystal cell 2 is arranged between polarization plates
1a, 1b conforming to a crossed Nicol in such a manner
that either the polarization axis a of the polarization plate
la or the polarization axis b of the polarization plate 1b
is parallel to the direction along the long axis of the mol-
ecules in the first ferroelectric state or the second ferro-
electric state when a voltage is not applied. In the case
of Fig. 1, the direction along the long axis of the mole-
cules in the second ferroelectric state coincides with the
polarization axis a.

[0004] In the case where the polarization plate is ar-
ranged as shown in Fig. 1, the light is not transmitted
and black is displayed, on the ferroelectric liquid crystal
panel, when the ferroelectric liquid crystal is in the fer-
roelectric state in which the direction along the long axis
of the molecules coincides with the direction along the
polarization axis of the polarization plate. With the con-
figuration shownin Fig. 1, the light is not transmitted and
black is displayed (non-transmission state), on the fer-
roelectric liquid crystal panel, when the ferroelectric lig-
uid crystal is in the second ferroelectric state.

[0005] With the change in polarity of the applied volt-
age, on the other hand, the ferroelectric liquid crystal
comes to assume a ferroelectric state with the direction
along the long axis of the molecules thereof failing to
coincide with the direction along the polarization axis of
the polarization plate. In such a case, the molecules of
the ferroelectric liquid crystal are slanted at an angle to
the polarization axis, and therefore the light from the
backlight is transmitted and white is displayed (trans-
mission state).
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[0006] In Fig. 1, the direction along the long axis of
the molecules when the ferroelectric liquid crystal is in
the second ferroelectric state is rendered to coincide
with the direction along the polarization axis of the po-
larization plate. On the other hand, the direction along
the long axis of the molecules when the ferroelectric lig-
uid crystal is in the first ferroelectric state can be ren-
dered to coincide with the direction along the polariza-
tion axis of the polarization plate. In such a case, black
can be displayed (non-transmission state) when the fer-
roelectric liquid crystal is in the first ferroelectric state,
and white can be displayed (transmission state) when
the ferroelectric liquid crystal is in the second ferroelec-
tric state.

[0007] The present invention is applicable to either
panel configuration. In the following description, the
case where the panel configuration shown in Fig. 1 is
employed will be explained.

[0008] When a voltage is applied to this ferroelectric
liquid crystal panel, the change of the light transmittance
plotted as a graph follows a loop as shown in Fig. 2.
[0009] The switching of the ferroelectric liquid crystal,
i.e. the transition from one ferroelectric state to the other
ferroelectric state occurs only in the case where a volt-
age with the value of the product of the wave width value
and the wave height value, which is not less than the a
threshold value, is applied to the ferroelectric liquid crys-
tal molecules. As shown in Fig. 2, either the first ferro-
electric state (transmission, white display) or the second
ferroelectric state (non-transmission, black display) is
selected according to the difference in polarity of the ap-
plied voltage.

[0010] The voltage value at which the light transmit-
tance begins to change, when the voltage is applied and
increased, is denoted by V1, the voltage value at which
the change of the light transmittance is saturated is de-
noted by V2, on the other hand, when the voltage is de-
creased and further the voltage of opposite polarity is
applied, the voltage value at which the light transmit-
tance begins to decrease is denoted by V3, and the volt-
age value at which the change of the light transmittance
is saturated is denoted by V4.

[0011] AsshowninFig. 2, in the case where the value
of the voltage applied is not less than the threshold value
of the ferroelectric liquid crystal molecules, the first fer-
roelectric state (transmission, white display) is selected.
In the case where a voltage of opposite polarity not less
than the threshold value of the ferroelectric liquid crystal
molecules is applied, on the other hand, the second fer-
roelectric state (non-transmission, black display) is se-
lected.

[0012] Atypical driving waveform of a ferroelectric lig-
uid crystal display using a ferroelectric liquid crystal pan-
el with the polarization plate arranged as shown in Fig.
1 is shown in Fig. 3. In the drawing, (a) designates a
scanning voltage waveform, (b) a signal voltage wave-
form, (c) a combined voltage waveform, and (d) a light
transmittance.
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[0013] A time division driving method is known as a
method of driving a ferroelectric liquid crystal display. In
the time division driving method, a plurality of scanning
electrodes and signal electrodes are formed on a sub-
strate and a voltage is applied to each electrode to drive
a liquid crystal element.

[0014] Asshownin Fig. 3, the writing operation is per-
formed by applying a scanning voltage (a) to the scan-
ning electrodes, a signal voltage (b) to the signal elec-
trodes and a combined voltage (c) to the pixels of the
liquid crystal panel. Fig. 3 shows driving waveforms of
two frames, in which ON indicates the white display and
OFF the black display. The driving waveforms shown in
Fig. 3 have one scanning period for carrying out the dis-
play based on one display data. One scanning period
has therein a selection period (Se) for selecting the dis-
play state and a non-selection period (NSe) for holding
the selected display state, and a reset period (Rs) is pro-
vided before the start of the selection period (Se).
[0015] To write the next display, the ferroelectric liquid
crystal is reset to one ferroelectric state in the reset pe-
riod (Rs) regardless of the immediately preceding dis-
play state. In the case of Fig. 3, in the first half of the
reset period (RS), the ferroelectric liquid crystal is reset
to the first ferroelectric state in which the liquid crystal
is white display (transmission state) and, in the last half,
is reset to the second ferroelectric state in which the lig-
uid crystal is black display (non-transmission state). In
this method of driving the ferroelectric liquid crystal dis-
play, it is common to provide a reset period for applying
a pulse of a different polarity regardless of the immedi-
ately preceding display state in order to assure a satis-
factory display.

[0016] Conventionally, in the case where an image
with a rapidly changing screen is displayed on a liquid
crystal display unit using an ordinary liquid crystal such
as nematic one, a phenomenon has occurred in which
an image accurately following the screen change cannot
be displayed. In a typical case where an image of a ball
moving about in a game is displayed on a liquid crystal
display unit, a phenomenon may occur in which the con-
tour of the ball cannot be displayed accurately but dis-
played blurred (hereafter, this phenomenon is referred
to as the "trailing phenomenon"). Conventionally, this
trailing phenomenon was considered to occur due to the
slow switching of the liquid crystal molecules. In recent
years, however, it has been reported that this phenom-
enon occurs not only for the slow switching of the liquid
crystal molecules, but also for the conventional driving
method of the liquid crystal. The reason is that, in the
scanning period in which the display is written in the pix-
els based on the display data, when writing the next dis-
play in the pixels without reset the display preceding the
writing, the preceding display is left as a persisting im-
age in the human eyes viewing the display, thereby
causing the trailing phenomenon.

[0017] The ferroelectric liquid crystal has so far been
considered to cause the trailing phenomenon not easily
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due to its rapid switching characteristic as compared
with an ordinary liquid crystal. The recent research ef-
forts have revealed, however, that in addition to the rapid
switching characteristic, the driving method unique to
the ferroelectric liquid crystal, i.e. the provision of a reset
period described above is another contributing factor for
a reduced trailing phenomenon.

[0018] Nevertheless, the past research efforts have
not clarified the manner in which the ferroelectric liquid
crystal is to be controlled most effectively during the re-
set period to reduce the trailing phenomenon. Further,
the problem still remains unsolved that the mere provi-
sion of a reset period cannot completely eliminate the
trailing phenomenon in the animation display in which
display data changes at high speed successively.
[0019] In view of this, the object of the present inven-
tion is to provide a ferroelectric liquid crystal display us-
ing a ferroelectric liquid crystal having a superior display
quality, in which an optimum reset period is provided for
displaying an animation or a still image.

DISCLOSURE OF THE INVENTION

[0020] In order to achieve the above-mentioned ob-
ject, aferroelectric liquid crystal display according to this
invention is characterized in that at least one scanning
period is set for executing the display based on one dis-
play data, a reset period is provided for resetting the fer-
roelectric liquid crystal to the black display state before
starting the scanning period, and the length of the reset
period is adjusted in accordance with the display data,
thereby providing an optimum reset period correspond-
ing to the display data.

[0021] In this invention, the reset period is provided
for each pixel. Also, the reset periods can be provided
at the same timing to reset all the pixels at the same
time.

[0022] The ferroelectric liquid crystal panel has a
backlight, which is turned off during the reset period and
turned on during the remaining period. The ferroelectric
liquid crystal panel also has a mechanism for adjusting
the brightness of the backlight in accordance with the
length of the reset period.

[0023] Inthe reset period, the ferroelectric liquid crys-
tal has a first ferroelectric state and a second ferroelec-
tric state, and the scanning period has a selection period
(Se) for selecting a display state and a non-selection
period (NSe) for holding the selected display state.
[0024] The mechanism for adjusting the length of the
reset period is a control device for adjusting the reset
period and can be adjusted manually while watching the
screen. The mechanism for adjusting the length of the
reset period, on the other hand, has a plurality of display
data memories for continuously storing the display data,
or sequentially storing the display data at intervals of a
plurality of blocks into which the display data are divided,
and a display data comparison circuit for comparing the
display data in the display data memories with each oth-
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er and outputting the result of comparison, i.e. the
change amount of the display data. The reset period can
thus be automatically adjusted according to this output.

EFFECTS OF THE INVENTION

[0025] With the ferroelectric liquid crystal display ac-
cording to this invention, a reset period is provided in
which black is displayed regardless of the display state
of the ferroelectric liquid crystal, and the length of the
reset period is adjusted according to the change amount
of display data, i.e. whether an animation or a stillimage
is involved, thereby making it possible to produce a su-
perior display quality free of the trailing phenomenon.
Also, the brightness of the backlight is adjusted in ac-
cordance with the length of the reset period. Therefore,
a satisfactory display can be obtained by maintaining a
certain brightness, both in the case of a display slow in
motion such as a stillimage and in the case of a display
rapid in motion such as a game.

[0026] The ferroelectric liquid crystal display accord-
ing to the invention, which is described as an invention
for display, can be used as a liquid crystal shutter. In
such a case, the driving waveforms described as related
to an animation and a still image correspond to the driv-
ing waveforms for high shutter speed and low shutter
speed, respectively. By using these driving waveforms,
therefore, the present invention can be applied to the
liquid crystal shutter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] Fig. 1 is a diagram showing an example of a
configuration of a ferroelectric liquid crystal panel using
a ferroelectric liquid crystal as a display.

[0028] Fig. 2 is a graph showing the change in light
transmittance versus the voltage applied to the ferroe-
lectric liquid crystal panel.

[0029] Fig. 3 is a diagram showing driving waveforms
of a ferroelectric liquid crystal display usable in the in-
vention.

[0030] Fig. 4 is a diagram showing a configuration of
a ferroelectric liquid crystal display having a backlight.

[0031] Fig. 5 is a diagram showing a configuration of
a ferroelectric liquid crystal panel used in the invention.
[0032] Fig. 6is ablock diagram showing a circuit con-
figuration of a ferroelectric liquid crystal display accord-
ing to the invention.

[0033] Fig. 7 is ablock diagram showing a circuit con-
figuration for adjusting the length of a reset period au-
tomatically.

[0034] Fig. 8 is a diagram showing an example of a
screen stored in a display data memory.

[0035] Fig. 9is a graph showing the relation between
the amount of a reset period adjusting volume control
and the length of the reset period.

[0036] Fig. 10is a graph showing the relation between
the length of the reset period and the brightness of the
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backlight.

[0037] Fig. 11 is a diagram showing driving wave-
forms of a ferroelectric liquid crystal display according
to the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0038] The present inventor has studied the manner
in which the ferroelectric liquid crystal is to be controlled
during the reset period most effectively. As a result, it
has been found that the trailing phenomenon is reduced
by changing the pixels to black display when the display
data is switched, i.e. before a given display in the pixels
is followed by the next display. Specifically, it is neces-
sary to provide a reset period and display black (non-
transmission state) before starting the scanning period
as described above. It has been confirmed, on the other
hand, that the effect of reducing the trailing phenome-
non is not substantially produced in the case where
white is displayed during a reset period.

[0039] As indicated in the reset period (Rs) of Fig. 3,
it is common to set the liquid crystal of the ferroelectric
liquid crystal display to both the first and second ferro-
electric states during the reset period. In the case of the
driving waveforms shown in Fig. 3, a voltage higher than
a positive threshold value is applied in the first half of
the reset period (Rs) and the ferroelectric liquid crystal
becomes the first ferroelectric state in which white is dis-
played (transmission state). In the last half of the reset
period (Rs), on the other hand, a voltage higher than a
negative threshold value is applied and becomes the
second ferroelectric state in which black is displayed
(non-transmission state). In this way, both positive and
negative voltages are applied during the reset period for
producing an alternating current. Also in the convention-
al driving method shown in Fig. 3, black is always dis-
played (non-transmission state) during the reset period,
and therefore the trailing phenomenon can be reduced
as compared with the driving method lacking the reset
period.

[0040] In this connection, it has been found that the
trailing phenomenon can be more effectively reduced
by setting a long reset period and a sufficiently long pe-
riod of black display. Especially in the case of an image
of which display is switched rapidly such as an anima-
tion used in a game, the trailing phenomenon appears
significantly. In such a case, the trailing phenomenon is
reduced and a more desirable result is obtained by set-
ting a long period of black display by lengthening the
reset period. Conversely, in the case of an image such
as a stillimage which is switched slowly, the trailing phe-
nomenon can be sufficiently eliminated even by short-
ening the reset period for short black display.

[0041] In the case where the driving waveforms de-
scribed above are used, white display (transmission
state) as well as black display (non-transmission state)
are carried out during the reset period (Rs). The trailing
phenomenon can be effectively reduced, however, by
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setting the entire reset period for black display. For this
reason, the backlight is turned off during the reset period
by using the ferroelectric liquid crystal display having a
configuration including a ferroelectric liquid crystal panel
20 with a backlight 20B as shown in Fig. 4. During the
reset period, the ferroelectric liquid crystal is in the first
and second ferroelectric states as shown in Fig. 3, and
therefore is in the transmission state during the first half
of the reset period. If the backlight is turned off during
the reset period as described above, however, the entire
display during the reset period is recognized as black
display by the human eyes, thereby reducing the trailing
phenomenon.

[0042] Lengthening the black display period by
lengthening the reset period, however, reduces the
brightness of the whole display in spite of a reduced trail-
ing phenomenon. As a result, a satisfactory display
quality cannot be obtained. In view of this, according to
this invention, the length of the reset period is adjusted
in accordance with the image to be displayed while, at
the same time, adjusting the brightness of the backlight
turned on during the period other than the reset period
in accordance with the length of the reset period. In the
case where the reset period is long, for example, the
turn-off period of the backlight lengthens and the whole
display is darkened. Therefore, the brightness of the
backlight is set to a high level. In the case where the
reset period is short, on the other hand, the brightness
of the backlight is not set to a high level or set to a low
level. By adjusting the brightness of the backlight in this
way, the brightness of the screen is prevented from
changing extremely with the change, if any, in the length
of the reset period, and therefore an optimum display
quality can always be secured.

[Embodiment 1]

[0043] An embodiment of the invention will be de-
scribed in detail below with reference to the drawings.
Fig. 5 is a diagram showing a panel configuration of a
ferroelectric liquid crystal panel according to this em-
bodiment. The liquid crystal panel used in this embodi-
ment is configured with a pair of glass substrates 11a,
11b having a ferroelectric liquid crystal layer 10 about
1.7 um thick. The opposed surfaces of the glass sub-
strates are formed with a scanning electrode 13a and
signal electrodes 13b, respectively, on which polymer
alignment films 14a, 14b are coated and processed by
rubbing. Further, on the outside surface of one glass
substrate, a first polarization plate 15a is arranged in
such a manner that the polarization axis thereof is par-
allel to the direction along the long axis of the ferroelec-
tric liquid crystal molecules in the second ferroelectric
state when no voltage is applied thereto. On the outside
of the other glass substrate, on the other hand, a second
polarization plate 15b is arranged with its polarization
axis oriented at 90° to the polarization axis of the first
polarization plate 15a.
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[0044] Fig. 6 is a block diagram showing a circuit con-
figuration of a ferroelectric liquid crystal display accord-
ing to this invention. The ferroelectric liquid crystal dis-
play according to this invention comprises a ferroelectric
liquid crystal panel 20, a display data generating circuit
21, adriving voltage waveform control circuit 22, a scan-
ning voltage waveform generating circuit 23, a signal
voltage waveform generating circuit 24, a reset period
adjusting control device 25, a backlight control circuit 26
and a power circuit 27. The reset period adjusting con-
trol device 25 adjusts the length of the reset period and,
further, the backlight control circuit 26 changes the
brightness of the backlight according to the length of the
reset period.

[0045] Fig. 3 shows the conventional driving wave-
forms of the ferroelectric liquid crystal display which can
be used in the present invention.

[0046] The driving waveforms according to this inven-
tion have at least one scanning period for carrying out
the display based on one display data. In Fig. 3, each
frame has one scanning period, but a plurality of scan-
ning periods may be included in one frame.

[0047] As explained above with reference to Fig. 3,
the scanning period has a selection period (Se) for se-
lecting the display state according to the display data of
the pixels, a non-selection period (NSe) for holding the
selected state and a reset period (Rs) before starting
the selection period (Se).

[0048] The reset period (Rs) is configured with 6
phases, in which the scanning voltage waveform (a) is
set to 20 V during the three phases of the first half and
to -20 V during the three phases of the last half. In the
final pulse of the reset period, black is always displayed
as the second ferroelectric state regardless of the im-
mediately preceding display data. A voltage of 0 V is
appliedin the first phase, a voltage of -20 V in the second
phase and a voltage of 20 V in the third phase of the
selection period (Se) of the scanning voltage waveform
(a), while the applied voltage during the non-selection
period (NSe) is 0 V. Also, the signal voltage waveform
(b) is set to a voltage of + 5 V. The width of each pulse
is set to about 35 us. The voltage actually applied to the
pixels is a combined voltage waveform (c) of this scan-
ning voltage waveform and the signal voltage waveform,
and the state of the ferroelectric liquid crystal molecules
is determined in each pixel.

[0049] Inthe case where the display datais ON (white
display), the third phase of the selection period (Se) of
the combined voltage waveform (c) exceeds the positive
threshold value of the ferroelectric liquid crystal and the
liquid crystal becomes the first ferroelectric state. During
the non-selection period (NSe), this state is held and
white is displayed. In the case where the display data is
OFF (black display), on the other hand, black is always
displayed during the reset period (Rs) regardless of the
previous display state. During the selection period,
therefore, a combined voltage lower than the threshold
voltage is applied to hold the black display of the reset
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period.

[0050] According to this invention, in the case where
display is based on the display data which is immedi-
ately changed in the next display, i.e. in the case where
an animation having a rapid motion such as a game is
displayed, the person observing the image on display
can lengthen the reset period using the reset period ad-
justing control device 25 shown in Fig. 6 while watching
the state of the image on display. For example, the reset
period is lengthened by increasing the number of phas-
es of the reset period. On the other hand, in the case
where the display data remains unchanged as in a still
image, i.e. in the case where the display is slow in mo-
tion, the reset period is shortened. By doing so, the trail-
ing phenomenon is eliminated by displaying black dur-
ing the last half of the reset period while changing the
length of black display in accordance with the change
amount of the display data regardless of the animation
with the display successively changing based on the dis-
play data or the still image with the display remaining
substantially unchanged.

[0051] Further, the length of black display can be ad-
justed by adjusting the length of the reset period auto-
matically. Fig. 7 is a block diagram showing a circuit con-
figuration for adjusting the length of the reset period au-
tomatically. This circuit configuration includes display
data memories 21a, 21b for storing the display data from
the display data generating circuit 21 of Fig. 6 and a dis-
play data comparison circuit 21¢ for comparing the dis-
play data of the display data memories and outputting
the result to the driving voltage waveform control circuit
22 of Fig. 6. In this circuit configuration, the display data
of the successive screens from the display data gener-
ating circuit 21 are stored in the display data memories
21a, 21b, and the two stored display data are compared
in the display data comparison circuit 21c. In the case
where the change rate of the data thus compared is
large, it is determined that an image having a rapid mo-
tion is on display. In the case where the change rate of
the data compared is small or zero, on the other hand,
it is determined that an image having a slow motion or
a still image is on display, and the result is input to the
driving voltage waveform control circuit 22. In the case
where the change rate of the data compared is large,
the reset period is automatically lengthened. In the case
where the change rate is zero or substantially nil, on the
other hand, the reset period is shortened automatically.
Also in this case, the brightness of the backlight is
changed by the backlight control circuit 26 in accord-
ance with the length of the reset period. Incidentally, the
backlight control circuit 26 changes the brightness of the
backlight in accordance with the output of the display
data comparison circuit 21c.

[0052] Fig. 8 is a diagram showing an example of
screens stored in the display data memories 21a, 21b.
These display data memories have stored therein the
total value of the digitized brightness of the pixels of the
screen. The numerical value of brightness is set to 1 for
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black and 256 for white, for example. The screens (a),
(b) in Fig. 7 are successive screens, for example. The
display data comparison circuit 21c¢ of Fig. 7 compares
the total value of the brightness of the screens (a) and
(b), and in accordance with the change rate of the data,
the driving voltage waveform control circuit adjusts the
reset period automatically. In the case of the screens (a)
and (b) shown in Fig. 8, the screen (b) has a large white
display portion, and therefore the total value of bright-
ness of the screen (b) is larger than that of the screen
(a).

[0053] Either successive display data may be stored,
or at intervals of a plurality of data, such as every other
display data or every two other display data, the display
data may be stored sequentially in the display data
memories 21a, 21b. Also, three or more display data
memories may be used instead of two as in this embod-
iment.

[0054] By providing display data memories and oper-
ating them in interlocked relation with the mechanism
for adjusting the length of the reset period automatically
in this way, the length of the reset period can be auto-
matically adjusted even in the case where the ferroelec-
tric liquid crystal display is incorporated in as a part of a
large-sized apparatus. As aresult, itis possible to obtain
a liquid crystal display which requires little maintenance
and can maintain a superior display state automatically.
[0055] Fig. 9 is a graph showing the relationship be-
tween the adjustment of the control device and the
length of the reset period. As shown, the reset period is
lengthened by increasing the adjustment of the control
device.

[0056] Fig. 10 is a graph showing the relationship be-
tween the length of the reset period and the brightness
of the backlight. As shown, in the case where the reset
period is long, the brightness of the backlight turned on
during the period other than the reset period is in-
creased, and the brightness is decreased in the case
where the reset period is short. This adjustment is car-
ried out by the reset period adjusting control device 25
and the backlight control circuit 26 shown in Fig. 6. By
making adjustment in this way, a sufficiently bright liquid
crystal display with a superior display quality was ob-
tained even when the reset period is lengthened.

[Embodiment 2]

[0057] Another embodiment of the invention will be
described in detail with reference to the drawings. This
embodiment, like the first embodiment, uses the circuit
configuration shown in Fig. 6 and the panel configura-
tion shown in Fig. 5. The polarization plate is also ar-
ranged as shown in Fig. 1, as in the first embodiment,
and as shown in Fig. 2, set in transmission state when
the liquid crystal is in the first ferroelectric state, and in
non-transmission state when the liquid crystal is in the
second ferroelectric state. Also according to this embod-
iment, as shown in Fig. 4, a backlight 20B is arranged
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under a liquid crystal display 20.

[0058] In the second embodiment, as in the first em-
bodiment, the ferroelectric liquid crystal is set in both the
first and second ferroelectric states during the reset pe-
riod. According to the first embodiment, the reset period
is provided for each pixel (i.e. for each scanning line),
and therefore is displaced slightly for each scanning
line. In the second embodiment, on the other hand, the
reset period is provided to reset all the pixels at the same
time. Fig. 11 is a diagram showing driving waveforms
used in this embodiment. The diagram shows the driving
waveforms and the light transmittance thereof in the
case where the display data is ON (white display) and
it is OFF (black display). c1, ¢2, c3 each designate a
combined voltage waveform applied to each pixel, and
d1, d2, d3 the transmittance of each pixel in the case
where the combined voltage waveforms c1, c2, ¢3 are
applied, respectively.

[0059] Each combined voltage waveform has at least
one scanning period in order to carry out the display
based on one display data. In Fig. 11, each frame has
one scanning period. Instead, a plurality of scanning pe-
riods may be included in one frame. Each scanning pe-
riod has therein a selection period (Se) for selecting a
display state based on the display data and a non-se-
lection period (NSe) for holding the selected display
state. Also, a reset period (Rs) is provided for setting all
the pixels to the first ferroelectric state and the second
ferroelectric state at the same time before starting the
selection period (Se). The second embodiment is differ-
ent from the first embodiment in that all the pixels are
reset at the same time. As a result, a scanning line for
which the scanning voltage is applied later has a non-
selection period (R-NSe) for holding a reset state after
the reset period (Rs). Thus, the period during which the
reset state is maintained is lengthened. In the case of
the driving waveforms shown in Fig. 11, for example, the
period of the second ferroelectric state (non-transmis-
sion) is longer for pixel ¢3 than for pixel cl.

[0060] In the scanning voltage waveform (the same
as the waveform of Fig. 3(a)) applied to c1, pulses of 6
phases are applied during the reset period immediately
before starting the selection period, of which +20 V is
applied during the three phases of the first half and a
voltage of -20 V is applied during the three phases of
the last half. Pulses of three phases are applied during
the selection period of the scanning voltage waveform,
of which a voltage of 0 Vis applied during the first phase,
avoltage of -20 V during the second phase and a voltage
of +20 V during the third phase. Also, the applied voltage
during the non-selection period is set to 0 V. Further, a
voltage of £ 5 V is applied as a voltage waveform on
signal side. The width of each pulse is set to about 35 ps.
[0061] C1to C3 of Fig. 11 show a waveform of a com-
bined voltage of the voltage on the scanning side and
the voltage on the signal side but not the voltage wave-
form on the scanning side.

[0062] The ferroelectric liquid crystal finally reaches
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the second ferroelectric state during the reset period
(Rs), and displays black at the end of the reset period.
In the case where the display data is ON (white display),
like in the driving method shown in Fig. 3, the third phase
of the selection period of the combined voltage wave-
form exceeds the positive threshold value of the ferroe-
lectric liquid crystal so that the liquid crystal reaches the
first ferroelectric state, while this state is held for white
display during the non-selection period. In the case
where the display data is OFF (black display), on the
other hand, black is always displayed during the reset
period, and therefore a combined voltage of less than
the threshold value is applied during the selection period
thereby the black display is held during the reset period.
[0063] The turn-on state of the backlight correspond-
ing to each combined voltage waveform is shown in Fig.
11. Regardless of the previous display state, the liquid
crystal is always set to the first ferroelectric state for
transmission and the second ferroelectric state for non-
transmission during the reset period. In the process, the
backlight is turned off in synchronism with the reset pe-
riod. Thus, although the reset period has a period during
which the liquid crystal is in a transmission state, the
display is recognized as black in the entire reset period
and the trailing phenomenon is reduced during the en-
tire reset period. Also, the driving waveforms shown in
Fig. 11 has a non-selection period (R-NSe) for holding
the reset state. Since this period is varied with the pixel
position, the turn-off period is varied from one pixel to
another. According to this embodiment, as shown in c1
of Fig. 11, the turn-off period is set to the length of the
reset period for the pixel having the shortest reset period
(the period of Rs alone).

[0064] According to this embodiment, as in the first
embodiment, the length of the reset period can be ad-
justed by the reset period adjusting volume control 25
while watching the state of the image on display. As a
result, the trailing phenomenon is caused in neither the
animation with the display successively changing based
on the display data nor the still image with the display
not substantially changed. Further, this embodiment,
like the first embodiment, includes a display data mem-
ory operating in interlocked relation with the mechanism
for adjusting the length of the reset period, thereby mak-
ing it possible to change the length of the reset period
automatically.

[0065] Also, as in the first embodiment, the reset pe-
riod adjusting volume control 25 and the backlight con-
trol circuit 26 are so set as to increase the brightness of
the backlight with the increase in the length of the reset
period and decrease the brightness with the decrease
in the length of the reset period. Further, in the case
where the length of the reset period is automatically
changed, the backlight control circuit 26 changes the
brightness of the backlight in accordance with the output
of the display data comparison circuit 21c. By making
this adjustment, a sufficiently bright, superior display
quality was obtained even for a long reset period of black
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display.

[0066] By the way, this embodiment, as shown in Fig.
11, has a non-selection period (R-NSe) for holding the
reset state in the scanning period, and as indicated in
the driving waveforms c1, c2, ¢3 and this period be-
comes longer progressively as the pixel changes to a
lower position in the drawing, so that the turn-off period
gradually becomes longer. In other words, the lower the
pixel position, the longer the black display period, result-
ing in a darker screen. For solving this inconvenience,
the brightness of the backlight can be adjusted in ac-
cordance with the pixel position, or the order in which
the screen is scanned is changed for each screen, e.g.
top down or bottom up.

Claims

1. A ferroelectric liquid crystal display having a ferro-
electric liquid crystal panel holding a ferroelectric
liquid crystal between a pair of substrates, wherein
at least one scanning period is provided when car-
rying out the display based on one display data, a
reset period for resetting the ferroelectric liquid
crystal to black display state is provided before the
start of the scanning period, and a mechanism for
adjusting the length of the reset period in accord-
ance with the display data is provided.

2. A ferroelectric liquid crystal display as set forth in
claim 1, wherein the reset period is provided for
each pixel.

3. A ferroelectric liquid crystal display as set forth in
claim 1, wherein the reset period is provided in such
a manner as to reset all the pixels at the same time.

4. A ferroelectric liquid crystal display as set forth in
claim 1, wherein the ferroelectric liquid crystal panel
includes a backlight, said backlight being turned off
during the reset period and turned on during the re-
maining period.

5. A ferroelectric liquid crystal display as set forth in
claim 1, wherein a mechanism for adjusting the
brightness of the backlight in accordance with the
length of the reset period is provided.

6. A ferroelectric liquid crystal display as set forth in
claim 1, wherein the ferroelectric liquid crystal has
a first ferroelectric state and a second ferroelectric
state during the reset period, and the scanning pe-
riod has a selection period (Se) for selecting the dis-
play state and a non-selection period (NSe) for
holding the selected display state.

7. A ferroelectric liquid crystal display as set forth in
claim 1, wherein the mechanism for adjusting the
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length of said reset period is a reset period adjusting
control device.

A ferroelectric liquid crystal display as set forth in
claim 1, wherein the mechanism for adjusting the
reset period includes a plurality of display data
memories for continuously storing the display data
or sequentially storing the display data at intervals
of a plurality of blocks thereof, and a display data
comparison circuit for comparing the display data
of the display data memories and outputting the re-
sult of comparison, the reset period being automat-
ically adjusted in accordance with the output.
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