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(57) ABSTRACT

A driving method for a liquid crystal display device with a
cholesteric liquid crystal having a memory mode of opera-
tion comprises a first stage of applying a first voltage to
change the state of the cholesteric liquid crystal to a homeo-
tropic state; a second stage of applying a second voltage to
change the state of the cholesteric liquid crystal to a homo-
geneous state or a homogencous/planar-mixed state, and a
third stage of applying a third voltage to change the state of
the cholesteric liquid crystal from the homogeneous state or
the homogeneous/planar-mixed state to a focalconic state.
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DRIVING METHOD FOR A CHOLESTERIC
LIQUID CRYSTAL DISPLAY DEVICE HAVING A
MEMORY MODE OF OPERATION AND A
DRIVING APPARATUS

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to a driving method
for a liquid crystal display device with a liquid crystal layer
having a memory mode of operation and a driving apparatus.

[0003] 2. Discussion of Background

[0004] At present, TN, STN, TFT liquid crystal display
elements are widely used. In these liquid crystal display
elements, a display is effected by conducting usually a
predetermined driving. On the other hand, a cholesteric or a
chiral nematic liquid crystal having a memory mode of
operation (hereinbelow, referred to as CL-LC) is noted, and
liquid crystal display devices provided with such liquid
crystal (hereinbelow, referred to as CL-LCD) are studied for
practical use.

[0005] CL-LC held between a pair of parallel substrates
has a “twist structure” wherein the director of the liquid
crystal is twisted at a constant period. There is an alignment
that the center axis of twist (hereinbelow, referred to as a
helical axis) is in a perpendicular direction in average to the
substrates.

[0006] There are a complete planar state (hereinbelow,
referred to as a PP state) wherein each helical axis of a
plurality of liquid crystal domains is substantially com-
pletely perpendicular to the substrate surfaces and an incom-
plete planar state (hereinbelow, referred to as PL state)
wherein the direction in average of each helical axis of a
plurality of liquid crystal domains is substantially perpen-
dicular to the substrate surfaces. Then, a circularly polarized
light in incident light, which corresponds to the direction of
twist of the liquid crystal layer, is selectively reflected. The
wavelength A of the selectively reflected light is substan-
tially equal to the product of an average refractive index
n_of aliquid crystal composition and a pitch p of the liquid
AVG
crystal composition (h=n,.5p)-

[0007] The pitch p is determined according to p=1/
(c'HTP) where ¢ is an amount of adding of an optically
active substance such as a chiral agent or the like and HTP
(Helical Twisting Power) is a constant of the optically active
substance. Accordingly, the selective reflection wavelength
can be adjusted by a kind of and an amount of adding of an
optically active substance. By determining the pitch so that
the selective reflection wavelength of CL-LC is out of a
visible region, a display becomes transparent in visual
observation at the time of selective reflection and provides
an operational mode of transmission and scatter.

[0008] A PP state produces a large regular reflection to
incident light and shows extremely high reflection charac-
teristics at a specified viewing angle. A PL state produces a
relatively small regular reflection and shows high reflection
characteristics at a relatively wide viewing angle.

[0009] Further, CL-LC can exhibit a focalconic state
(hereinbelow, referred to as a FC state) wherein helical axes
of liquid crystal domains direct in a random direction or are
aligned in a non-perpendicular direction to the substrate

1. Field of the Invention
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surfaces. Generally, the liquid crystal layer in a FC state
shows a weak scattering state as a whole. There is no
reflection of light having a specified wavelength as at the
time of selective reflection. Further, the FC state, the PL state
and the PP state exist stably even when no electric field is
applied.

[0010] FIG. 18(a) is a diagram showing a PL state and
FIG. 18(b) is a diagram showing a FC state, which indicate
aligning states of liquid crystal domains in a shape of
gourd-shaped drum. The selective reflection wavelength in a
PP state is generally given by h=n, .p. The selective
reflection wavelength in a PL state tends to shift to a short
wavelength side in comparison with a case of the PP state
because there is a distribution in the direction of the helical
axis.

[0011] By providing an absorbing layer at a rear surface
side in the FC state shown in FIG. 18(b), a display in a color
of the absorbing layer can be obtained. Accordingly, a
display having a memory mode of operation can be realized
by utilizing two states: the PL state as a clear state and the
FC state as a dark state (in a case that the absorbing layer is
black).

[0012] The basic construction of CL-LCD is disclosed in
George H. Heilmeier, Joel E. Goldmacher et al, Appln. Phys.
Lett., 13 (1968), 132 and U.S. Pat. No. 3,936,815. Further,
U.S. Pat. No. 4,097,127 discloses that an intermediate state
wherein a PL state and a FC state are mixed, exists stably,
which can be utilized for a display.

[0013] Next, a driving method for CL-LCD will be
described. In U.S. Pat. No. 3,936,815, a PL state is changed
to a FC state or a FC state is changed to a PL state
respectively depending on magnitudes of the amplitude of a
driving voltage. In a later case, the change is caused via a
homeotropic state (hereinbelow, referred to as a HO state) in
which the liquid crystal molecules direct in substantially
parallel to a voltage application direction, and accordingly,
the highest voltage is required.

[0014] In CL-LC, an effective value of the waveforms of
a series of applied voltages does not directly determine the
state of the liquid crystal after the removal of the voltages,
but the display after the removal of the voltages relies on an
application time and an amplitude of a voltage pulse applied
just before.

[0015] In the next, description will be made as to a matrix
display in CL-LCD. It is supposed that a voltage to change
the liquid crystal into a FC state is Vp, a lower limit voltage
to change it into a PL state is V,, and an upper limit voltage
which does not cause a change of the display state even by
applying a voltage is V..

[0016] In conducting a a-line-at-a-time driving, a voltage
pulse having a voltage amplitude of V, is applied to a row
electrode, and in synchronism with this, a voltage pulse (a
selection pulse) having a voltage amplitude of V_ is applied
to a column electrode. A selection pulse is applied once to
each row electrode to complete a display sequence.

[0017] In the display sequence, when an ON display is
selected, a voltage amplitude of (V,+V.) is applied once to
a display pixel, and in a non-selection period in the ON
display, a voltage V_ is applied to the display pixel. Further,
when an OFF-display is selected, a voltage amplitude of
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(V,~V,) is once applied to a display pixel, and in a non-
selection period in an OFF-display, a voltage V_ is applied
to the display pixel. In a case that a PL state is selected in
an ON time, and a FC state is selected in an OFF time, the
conditions of the respective voltages are as follows.

VAV, V-V =V

[0018] Further, it is necessary to be V_<V,, so that the
written state does not change. Thus, a matrix display can be
effected by controlling the applied voltages as described
above.

[0019] In CL-LCD, even when the number of scanning
electrodes is increased, the quality of a display in a state that
display data are written is not deteriorated. Further, a driving
voltage does not increase even when the number of elec-
trodes is increased. However, the quality of a display in
writing the image data becomes poor as the number of
scanning electrodes increases. Namely, when writing a state
of display, selection pulses are applied to each scanning
electrode in a predetermined application time. In this case,
if the number of scanning electrodes is increased, a state that
the scanning lines flow on the display surface is observed.
Accordingly, it is necessary to shorten an application time of
selection pulses depending on an increase of the number of
scanning electrodes to shorten the display sequence.

[0020] When the application time of selection pulses is
shortened, preferred display characteristics can be main-
tained by adjusting the amplitude of applied voltages in
writing to change the state from an OFF-display (FC state)
to an ON display (PL state). On the other hand, there is a
problem in writing to change the state from an ON display
(PL state) to an OFF-display (FC state). In this case, a state
of slightly scattering is not sometimes sufficiently obtained
in the FC state, and the alignment of the liquid crystal which
shows selective reflection may partly remain. Then, the
written OFF-display (FC state) does not show a sufficient
darkness. This is the case that a black absorbing layer is
provided at a rear surface side of CL-LCD as described
above.

[0021] Namely, the contrast ratio of a display is reduced.
Further, a difference of light and dark was caused in a region
where the previous display was in an ON display (PL state),
and thereafter, an OFF-display (FC state) was written and a
region where the previous display was in an OFF-display,
and then, an OFF-display was written plural times in series,
and therefore, an uneven display might be produced.

[0022] The above-mentioned cause results from an appli-
cation time of a selective pulse. When the application time
is shortened, it is impossible to change the state into a
slightly scattering FC state in a complete sense by writing an
OFF-display of one time. Further, it is because the optical
characteristics of the written OFF-display, namely, a degree
of slight scattering in an FC state or a degree of remaining
of liquid crystal alignment exhibiting selective reflection,
change relying on the previous state.

[0023] As a result, an image written previously is often
observed as a residual image. Accordingly, it is difficult to
shorten an application time of a selection pulse, ie., to
increase the number of scanning electrodes while an excel-
lent quality of display is maintained.

[0024] As described above, in CL-LCD, there were prob-
lems that when the volume of a display was made large by
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increasing the number of scanning electrodes, the contrast
ratio was decreased or an uneven display was produced.

[0025] 1In other words, it is necessary to extend a writing
time in order to maintain the quality of display in a case that
a highly precise display is to be provided. However, when
the writing time is extended, a state that scanning lines flow
on the display surface is observed by naked eyes. Further,
the following driving method is known other than the
driving method as in U.S. Pat. No. 3,936,815.

[0026] SID92, Digest, P. 759-761 (1992) discloses that a
pulse-like voltage is applied to CL-LC to reset the state of
liquid crystal alignment before the application of voltage

into PL state or a FC state. A driving waveform is shown in
FIG. 6.

[0027] Further, U.S. Pat. No. 5,933,203 discloses a tech-
nique of applying a voltage pulse having a larger amplitude
to present a HO state, and then, applying successively a
voltage pulse having a smaller amplitude.

[0028] The patent publication document of EP0957394A1
discloses a resetting method for CL-LCD. After the appli-
cation of a voltage pulse to render the liquid crystal to be a
HO state, a voltage pulse is applied to change the liquid
crystal layer into a PL state, and thereafter, a voltage pulse
is further applied to change it into a FC state. In this case,
a time for resetting becomes long as a whole because there
is a phase change from the HO state to the PL state which
is low in changing speed. Further, flickering is produced at
the time of resetting because all the pixels are once turned
to a reflective display state in the PL state.

[0029] In CL-LC after the erasing of the previous display,
either a PL state indicating a selective reflection or a FC state
indicating no reflection may be chosen when the display is
rewritten. However, since a HO state at an erasing time does
not show reflection, a FC state which also does not show
reflection after the erasing can provide a natural impression,
in particular in a case of using a negative display which
makes the background non-reflective.

[0030] Further, “a residual image” is one of problems
caused by shortening the application time of a selection
pulse. Such phenomenon is resulted from that the optical
characteristics of a written OFF-state remain. Namely, the
state of liquid crystal alignment in a FC state is influenced
by the state of the liquid crystal alignment before the phase
change, and the liquid crystal alignment at the time of
selective reflection remains slightly.

[0031] Thus, in the conventional technique, it is very
difficult to obtain a FC state providing the lowest reflectance
in a case of forming a absorbing layer on a rear surface,
without the remaining of selective reflection, by applying
once a short voltage pulse.

[0032] Accordingly, the present invention is to provide a
driving method capable of resetting a display in a shorter
time. Namely, it is an object of the present invention to
provide a driving method and a driving apparatus which
suppresses the occurrence of a residual image even in
high-speed writing, prevents the reduction of the contrast
ratio of a display, and can provide a highly precise display
of high quality.

SUMMARY OF THE INVENTION

[0033] Namely, in accordance with a first aspect of the
present invention, there is provided a driving method for
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driving a liquid crystal display device with a cholesteric
liquid crystal having a memory mode of operation, the
driving method being characterized by comprising a first
stage of applying a voltage so that the alignment of the
cholesteric liquid crystal is in substantially parallel to a
voltage application direction; a second stage of applying a
voltage to change the state of the cholesteric liquid crystal to
a homogeneous state or a homogeneous/planar-mixed state,
and a third stage of applying a voltage to change the state of
the cholesteric liquid crystal from the homogeneous state or
the homogeneous/planar-mixed state to a focalconic state.

[0034] Further, in a second aspect, there is provided a
driving method for driving a liquid crystal display device
with a cholesteric liquid crystal having a memory mode of
operation, the driving method being characterized by com-
prising a first stage of applying a voltage so that the
alignment of the cholesteric liquid crystal is in substantially
parallel to a voltage application direction; a second stage of
applying a voltage to change the state of the cholesteric
liquid crystal to a homogeneous state or a homogeneous/
planar-mixed state, and a third stage of applying a voltage to
change the state of the cholesteric liquid crystal from the
homogeneous state or the homogeneous/planar-mixed state
to a focalconic/planar-mixed state.

[0035] Further, in a third aspect, there is provided the
driving method according to the first aspect or the second
aspect wherein 0.8xT;=1T,=8xTy is satisfied where T, is a
period of the second stage and Ty is a time spent until the
cholesteric liquid crystal in a homeotropic state by the
application of a voltage indicates the lowest dielectric con-
stant after the application of the voltage is stopped.

[0036] Further, according to a fourth aspect, there is
provided the driving method according to the third aspect
wherein T =T, =5xTy is satisfied.

[0037] Further, in a fifth aspect, there is provided the
driving method according to any one of the first aspect to the
fourth aspect wherein the voltage value applied in the
second stage is 0 V.

[0038] Further, in a sixth aspect, there is provided the
driving method according to any one of the first aspect to the
fifth aspect wherein a voltage waveform applied in the first
stage is constituted by a pulse-like voltage having a voltage
amplitude of V,; a voltage waveform applied in the third
stage is constituted by a pulse-like voltage having a voltage
amplitude of V5, and V is larger than V; and T, is smaller
than t, where T, and 1 are respectively voltage application
times in these stages.

[0039] Further, in a seventh aspect, there is provided the
driving method according to any one of the first aspect to the
sixth aspect wherein when a-line-at-a-time operation is
carried out to apply a voltage waveform based on display
data of each display pixel after the first stage to the third
stage, and conditions of applying voltages are determined so
as to write a planar state in an ON display and to write a
focalconic state in an OFF state, a pulse width modulation
system is used for a gray scale display.

[0040] Further, in a eighth aspect, there is provided a
driving apparatus for driving a liquid crystal display device
with a cholesteric liquid crystal having a memory mode of
operation, the driving apparatus being characterized by
comprising a first period determining means for determining
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a period of a first stage; a second period determining means
for determining a second period in succession to the first
stage; a third period determining means for determining a
third period in succession to the second stage, and a voltage
application means wherein a voltage is applied to the
cholesteric liquid crystal so that its alignment is in substan-
tially parallel to a voltage application direction in the first
period produced by the first period determining means; a
voltage is applied to the cholesteric liquid crystal to change
the state of the liquid crystal to a homogeneous state or a
homogenous/planar-mixed state in the second period pro-
duced by the second period determining means, and a
voltage is applied to the cholesteric liquid crystal to change
the state from the homogeneous state or the homogenous/
planar-mixed state to a focalconic state or a planar/focal-
conic-mixed state in the third period produced by the third
period determining means.

[0041] Further, in a ninth aspect, there is provided a
driving method for driving a liquid crystal display device
with a cholesteric liquid crystal having a memory mode of
operation, the driving method being characterized by com-
prising a first stage of applying a voltage so that the
orientation of the cholesteric liquid crystal is in substantially
parallel to a voltage application direction before a voltage is
applied to each pixel based on conditions of voltage corre-
sponding to display data; a second stage of applying a
voltage to change the state of the cholesteric liquid crystal to
a homogeneous state or a homogeneous/planar-mixed state,
and a third stage of applying a voltage to accelerate the
change of the cholesteric liquid crystal from the homoge-
neous state or the homogeneous/planar-mixed state to a
focalconic state or a focalconic/planar-mixed state, wherein
the second stage and the third stage are repeated after the
first stage.

[0042] Further, in a tenth aspect, there is provided the
driving method according to the ninth aspect wherein the
voltage value applied in the second stage is 0 V.

[0043] Further, in an eleventh aspect, there is provided the
driving method according to the ninth aspect or the tenth
aspect wherein the number of times of repeating the second
stage and third stage is 2 to 10.

[0044] Further, in a twelfth aspect, there is provided the
driving method according to the ninth aspect, the tenth
aspect or the eleventh aspect wherein a voltage waveform
applied in the first stage is constituted by a pulse-like voltage
having a voltage amplitude of V,; a voltage waveform
applied in the third stage is constituted by a pulse-like
voltage having a voltage amplitude of V, and V| is larger
than V, and 75 is smaller than T, where t; and T, are
respectively voltage application times in these stages.

[0045] Further, in a thirteenth aspect, there is provided the
driving method according to the ninth aspect, the tenth
aspect or the eleventh aspect wherein a voltage waveform
applied in the first stage is constituted by a pulse-like voltage
having a voltage amplitude of V,; a voltage waveform
applied in the third stage is constituted by a pulse-like
voltage having a voltage amplitude of V, and V, is equal to
V, and 15 is smaller than T, where T, and t; are respectively
voltage application times in these stages.

[0046] Further, in a fourteenth aspect, there is provided the
driving method according to any one of the ninth to the
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thirteenth aspect wherein when a-line-at-a-time operation is
carried out to apply a voltage waveform based on display
data of each display pixel after the completion of the first
stage to the third stage, and conditions of applying voltages
are determined so as to write a planar state in an ON display
and to write a focalconic state in an OFF state, a pulse width
modulation system is used for a gray scale display.

[0047] Further, in a fifteenth aspect, there is provided a
driving apparatus for driving a liquid crystal display device
with a cholesteric liquid crystal having a memory mode of
operation, the driving apparatus being characterized by
comprising a first period determining means for determining
a period of a first stage; a second period determining means
for determining a second period in succession to the first
stage; a third period determining means for determining a
third period in succession to the second stage; a voltage
application means wherein a voltage is applied to the
cholesteric liquid crystal so that its alignment is in substan-
tially parallel to a voltage application direction in the first
period produced by the first period determining means; a
voltage is applied to the cholesteric liquid crystal to change
the state of the liquid crystal to a homogeneous state or a
homogenous/planar-mixed state in the second period pro-
duced by the second period determining means, and a
voltage is applied to the cholesteric liquid crystal to accel-
erate a change of the state from the homogeneous state or the
homogenous/planar-mixed state to a focalconic state or a
planar/focalconic-mixed state in the third period produced
by the third period determining means, and a frequency
controlling means for operating repeatedly the second period
determining means and the third period determining means
after the operation of the first period determining means.

[0048] Further, in a sixteenth aspect, there is provided a
driving method for driving a liquid crystal display device
with a cholesteric liquid crystal having a memory mode of
operation, the driving method being characterized in that a
display state is initialized by applying a predetermined
voltage to each pixel and a voltage is applied to each pixel
based on conditions of voltage corresponding to display
data, wherein when the temperature of the cholesteric liquid
crystal is lower than a predetermined temperature, a voltage
application time is extended from the voltage application
time corresponding to the predetermined temperature, and
when the temperature of the cholesteric liquid crystal is
higher than the predetermined temperature, a voltage appli-
cation time is shortened from the voltage application time
corresponding to the predetermined temperature.

[0049] Further, in a seventeenth aspect, there is provided
the driving method according to the sixteenth aspect wherein
in driving according to a passive addressing system, when a
period for initializing is represented by T, and a period for
applying a voltage to each pixel based on conditions of
voltage corresponding to display date is represented by T,
lengths of T, and T, are extended from the lengths of T, and
T, determined with respect to the predetermined tempera-
ture when the temperature of the cholesteric liquid crystal is
lower than the predetermined temperature.

[0050] Further, in an eighteenth aspect, there is provided
the driving method according to the seventeenth aspect
wherein the period T, for initializing includes a first stage of
applying a voltage so that the alignment of the cholesteric
liquid crystal is in substantially parallel to a voltage appli-
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cation direction; a second stage of applying a voltage to
change the state of the cholesteric liquid crystal to a homo-
geneous state or a homogenecous/planar-mixed state, and a
third stage of applying a voltage to change the state of the
cholesteric liquid crystal from the homogeneous state or the
homogeneous/planar-mixed state to a focalconic state or a
focalconic/planar-mixed state, wherein when periods of the
first stage, the second stage and the third stage are respec-
tively represented by T4, Ty; and T,,, and when the tem-
perature of the cholesteric liquid crystal is lower than a
predetermined temperature, the lengths of T,o, T;; and T,
are extended from the lengths of T, T;; and T, determined
with respect to the predetermined temperature.

[0051] Further, in a nineteenth aspect, there is provided the
driving method according to the eighteenth aspect wherein
when T, T,;, T1, and T, at a predetermined temperature
are represented by T,o,, Tyq, Ty, and T,,, and when the
temperature of CL-LC is lower than the predetermined
temperature, T,,, T, T,, and T, are made respectively to be
n,xT,q, 0,xT;, ,0,xT,, andmxT, where n,>n, andn,>m.

[0052] 1In a twentieth aspect, there is provided the driving
method according to the sixteenth aspect wherein when the
predetermined temperature is 25° C., a period for applying
a voltage to each pixel based on conditions of voltage
corresponding to display data at an optional temperature t

is T,(t,) and K, is a constant relying on 5 to 50 liquid crystal
materials, the relation of the following Formula 3 is satis-
fled:

Lty =T(25)x2A((25-1)/K ) ©)

[0053] Further, in a twenty-first aspect, there is provided
the driving method according to the nineteenth aspect
wherein when the predetermined temperature is 25° C., and
Kg is a constant relying on 5 to 50 liquid crystal materials,
the magnification n(t,) relating to Ty,, Ty,, Ty, and T, at an
optional temperature tp satisfies the relation of the following
Formula 4 (A indicates an index):

n{t)=n(25)x2A((25-1,)/K) ®

[0054] Further, in a twenty-second aspect, there is pro-
vided a driving method for driving a liquid crystal display
device with a cholesteric liquid crystal having a memory
mode of operation, the driving method being characterized
by comprising a first stage of applying a voltage so that the
alignment of the cholesteric liquid crystal is in substantially
parallel to a voltage application direction and a second stage
of applying a voltage to change the state of the cholesteric
liquid crystal to a homogenous state or a planar state.

[0055] Further, in a twenty-third aspect, there is provided
the driving method according to the twenty-second aspect
wherein the voltage value applied in the second stage is 0 V.

[0056] Further, in a twenty-fourth aspect, there is provided
the driving method according to the twenty-third aspect
wherein the period of the second stage is 0.3-100 ms.

[0057] Further, in a twenty-fifth aspect, there is provided
a driving apparatus for driving a liquid crystal display device
with a cholesteric liquid crystal having a memory mode of
operation, the driving apparatus being characterized by
comprising a first period determining circuit for determining
a period of a first stage; a second period determining circuit
for determining a second period in succession to the first
stage, and a voltage application circuit wherein a voltage is
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applied to the cholesteric liquid crystal so that its alignment
is in substantially parallel to a voltage application direction
in the first period produced by the first period determining
circuit, and a voltage is applied to the cholesteric liquid
crystal to change the state of the liquid crystal to a homo-
geneous state or a planar state in the second period produced
by the second period determining circuit.

[0058] Further, in a twenty-sixth aspect, there is provided
the driving apparatus according to the twenty-fifth aspect
wherein the liquid crystal display device is provided with
row electrodes and column electrodes; a passive addressing
type driving is conducted; the voltage application circuit
comprises a row driver for driving the row electrodes and a
column driver for driving the column electrodes; and a
controlling circuit is provided wherein the controlling circuit
instructs to the row driver to apply a voltage of a non-display
state to all the row electrodes and instructs to the column
driver to apply a voltage of an ON display to all the column
electrodes in the first period.

[0059] Further, in a twenty-seventh aspect, there is pro-
vided a driving method for driving a liquid crystal display
device with a cholesteric liquid crystal having a memory
mode of operation, the driving method being characterized
in that when a time spent until the cholesteric liquid crystal
in a homeotropic state by the application of a voltage
indicates the lowest dielectric constant after the application
of the voltage is stopped, is represented by Ty, a voltage
pulse is applied to the cholesteric liquid crystal so that the
liquid crystal alignment is in substantially parallel to a
voltage application direction; the state of the cholesteric
liquid crystal is changed by applying a voltage pulse of
lower than Ty, and a voltage pulse is applied to effect a
display.

[0060] The inventors of the present invention have studied
in detail a state of re-arrangement of liquid crystal molecules
in CL-LCD immediately after the application of a pulse of
high voltage which renders CL-LCD to be in a HO state.
First, description will be made as to the relation of the
optical characteristics at the time of applying a voltage and
after erasing the voltage. It is assumed that the dielectric
anisotropy of CL-LCD used is positive and a phase state in
a display is changed by applying a voltage pulse.

[0061] First, CL-LCD is made to be a PL state providing
selective reflection. An application time of a voltage pulse is
fixed and the voltage amplitude is increased. When the
voltage amplitude is small, the PL state initially does not
change after the application of the voltage is stopped, and
the reflectance does not change. When the voltage amplitude
is further increased, CL-LCD becomes a FC state after the
application of the voltage is stopped, and shows a slightly
scattering state. A color display is obtainable by an absorb-
ing layer provided at a rear side (a black display when the
absorbing layer is black).

[0062] When the voltage amplitude is further increased,
the same PL state as in the initial state is obtained as a state
after the application of the voltage is stopped. Further, a
voltage pulse is applied to CL-LCD in a FC state providing
a slightly scattering state as the initial state, and a change of
the display-state is examined. Examination was conducted
repeatedly by changing conditions.

[0063] When the initial state is a FC state, the application
time of a voltage pulse is fixed and the voltage amplitude is
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increased. When the voltage amplitude is small, the initial
FC state does not change and the reflectance does not
substantially change after the application of the voltage is
stopped. When the voltage amplitude is further increased, a
weak selective reflection state in which slightly scattering
and selective reflection are mixed can be obtained as the
state after the application of the voltage is stopped. When the
voltage is further increased, a PL state which provides
selective reflection can be obtained as the state after the
application of the voltage is stopped.

[0064] Namely, a voltage pulse having a larger voltage
amplitude than a predetermined voltage amplitude is applied
to CL-LCD in a PL state, and then, the voltage is stopped.
Then, the PL state is changed to a FC state. In the FC state,
when a voltage pulse having a further large voltage ampli-
tude is applied, the state after the stopping of the application
of voltage is turned to a PL state. In the initial state in either
a PL state or a FC state, the state is changed to a PL state by
applying a high voltage via a HO state in which a long axis
direction of each liquid crystal molecule aligns in a voltage
application direction when a voltage is applied to the liquid
crystal.

[0065] When CL-LCD in a HO state is re-arranged into a
PL state after the stop of the application of voltage, it transits
several kinds of alignment of liquid crystal. Therefore, a
time from several 100 ms to several seconds is sometimes
required depending on a viscosity of liquid crystal.

[0066] FIG. 1 shows a change of the relative dielectric
constant of CL-LCD after it is changed to a HO state by
applying a voltage pulse. It is supposed that a change of the
dielectric constant corresponds to a change of the alignment
direction in average of liquid crystal molecules. The dielec-
tric constant indicates the smallest value at about 0.5 ms
after the stopping of application of voltage and indicates a
stable value at about 1.5 ms. Namely, it is found that the
direction of alignment in average of the liquid crystal
molecules is nearly in parallel to the substrate surface at
about 0.5 ms after the stopping of application of voltage.

[0067] FIG. 2 shows a change of reflection spectra of
CL-LCD after the stopping of application of voltage. In the
Figure, a time of “0.4 to 100 ms” indicates a time elapsed
after the stopping of application of voltage. There is under-
stood that no selective reflection is found up to about 1 ms
after the stopping of application of voltage, and then, the
intensity of reflection gradually increases, and a time of
several 100 ms or more is required in order to obtain
complete re-alignment from a HO state to a PL state.

[0068] It was found that from the state of changing the
dielectric constant and the reflection characteristics, CL-LC
has a special molecular alignment immediately after the
application of a high voltage pulse to change the liquid
crystal into a HO state. Namely, there is a homogeneous
liquid crystal alignment (hereinbelow, referred to as a HG
state) as a transit state in which the dielectric constant is
smallest, the liquid crystal molecules are substantially in
parallel to the substrates, and the liquid crystal does not has
a helical structure of predetermined pitch. Further, a time
from the stopping of application of voltage to the presenta-
tion of a HG state is represented by .

[0069] Further, CL-LC, after it has exhibited a HG state,
gradually exhibits a helical structure of predetermined pitch.
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The liquid crystal alignment in this stage is referred to as a
medium-like state between a HG state and a PL state. In
order to obtain an excellent FC state in a shorter time as
possible, a first voltage pulse (a high voltage pulse) which
makes the liquid crystal a HO state, is applied, then, a second
voltage pulse is applied, and thereafter, a third pulse is
applied to make the liquid crystal into a FC state.

[0070] The amplitude of the second voltage pulse was 0 V
and an application time of the third voltage pulse was 3.3
msec in order to achieve the resetting in a shorter time as
possible. FIG. 3 shows the relation between the reflectance
after the resetting and the amplitude of the third voltage
pulse.

[0071] Numerical values in FIG. 3 (@: 0 sec, A: 0.3 msec,
B: 1 msec, x: 3.3 msec) indicate widths of the second
voltage pulse. The width of the second voltage pulse being
0 sec corresponds to the conventional technique. Namely,
the third voltage pulse is applied immediately after the first
voltage pulse without applying the second voltage pulse.

[0072] As is clear from FIG. 3, the reflectance in an
obtainable FC state is high when the width of the second
voltage pulse is Ty or less. Further, the margin of the
optimum voltage of the third pulse is small. In particular,
when the second voltage pulse is not used, a FC state can not
be formed by the third voltage pulse having a shorter width.
Here, the FC state includes a FC/PL-mixed state. Such
mixed state is called as a semi-FC state. FIG. 31(A) shows
diagrammatically the basic change of phase in the present
invention, which shows a change from a HO state through
a HG state to a semi-FC state. FIG. 31(B) concerns the
conventional technique, which shows diagrammatically a
change from a HO state through a PL state to a FC state.

[0073] In order to form a FC state in a shorter period, it is
preferable that the width of the second voltage pulse, which
changes the state from a HO state to a HG state or a
HG/PL-mixed state, is small as possible. Specifically, it is
preferable to satisty the following formula 1 where the width
of the second voltage pulse is represented by T.:

0.8t =1, 581y 1)

[0074] Further, it is further preferable to satisfy the fol-
lowing formula (2):

Ty ST,E5Ty @

[0075] Further, in order to further reduce 1, it is possible
to apply the third voltage pulse in a HG state which does not
indicate a predetermined selective reflection in a PL state.

[0076] From the above-mentioned, when the application
time of the second voltage pulse is gradually reduced, a FC
state is formed until the vicinity of t;;. However, when the
application time is smaller than Ty, the voltage margin
becomes small, and the FC state can not sufficiently be
formed. The value T is obtained by the measuring technique
of the dielectric constant in FIG. 1. In FIG. 2, a region in
the vicinity of Ty to a value slightly exceeding it does not
exhibit selective reflection.

[0077] Namely, there is no selective reflection or a low
degree of selective reflection in the region from the vicinity
of Ty to a value slightly exceeding it. Therefore, it is
considered that there is no possibility of giving a strange
feeling to a viewer at each time of rewriting display data
even when the width T, of the second voltage pulse is
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determined in such region. In the present invention, in the
characteristic curves shown in FIG. 2, a region within about
30% of the maximum reflectance in the PL state can be used
for a resetting operation. By adjusting an applicable voltage
pulse in that range, a change to a desired state of phase can
be controlled.

[0078] When the conventional driving method is con-
ducted for display, a kind of flash phenomenon may occur.
Namely, a dark state (a state that a black color on a rear
surface is observed) is provided first in a HO state; a clear
state is provided in an PL state by applying the second
voltage pulse, and the state is again turned to a dark state by
applying the third voltage pulse. Accordingly, a viewer feels
a strange feeling because the display apparatus shows
changes from a dark state to a clear state, and then, from the
clear state to a dark state each time display data are rewrit-
ten.

[0079] In the present invention, there is an advantage that
a strange feeling is not given to a viewer each time of
rewriting display data other than an advantage that an
initializing process for rewriting display data at a high speed
can be conducted in a shorter time as possible.

[0080] The basic structure of an embodiment of the
present invention based on the above-mentioned study,
comprises a first stage of applying a voltage so that the
alignment of CL-LC is in substantially parallel to a voltage
application direction; a second stage of applying a voltage to
change the state of CL-LC into a HG state or a HG/PL-
mixed state, and a third stage of applying a voltage to change
the CL-LC from the HG state or the HG/PL-mixed state to
a FC state, before applying a voltage to each pixel according
to conditions of voltage corresponding to display data.

[0081] Further, in the second stage, CL-LC may be ren-
dered to be a HG stage in which a predetermined selective
reflection is not exhibited in a PL state, and the third voltage
pulse may be applied to the liquid crystal in such state.
Further, a preferred voltage value applied in the second stage
isOV.

[0082] In the driving method for CL-LCD, it is preferred
to determine such that a voltage waveform applied in the
first stage is constituted by a pulse-like voltage having a
voltage amplitude of V; a voltage waveform applied in the
third stage is constituted by a pulse-like voltage having a
voltage amplitude of V5, and V, is larger than V; and 1 is
smaller than T, where T, and T, are respectively voltage
application period in these stages.

[0083] Further, when a-line-at-a-time operation is con-
ducted to apply a voltage waveform based on display data of
each display pixel after the first stage to the third stage
wherein conditions of applying voltages are determined so
as to write a PL state in an ON display and to write a FC state
in an OFF state, a pulse width modulation system may be
used for effecting a gray scale display.

BRIEF DESCRIPTION OF THE DRAWINGS

[0084] FIG. 1 is a graph showing a change of the relative
dielectric constant of CL-LCD in a HO state at the appli-
cation of a voltage pulse and after the stopping of the
application.

[0085] FIG. 2 is a graph showing the reflectance spectra
of CL,-LCD after the stopping of application of voltage.
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[0086] FIG. 3 is a graph showing the relation of the am
reflectance after resetting in a case that the application time
of the third voltage pulse is 3.3 ms to the voltage amplitude
of the third voltage pulse.

[0087] FIG. 4 is a diagram showing CL-LCD in cross
section.
[0088] FIG. 5 is a state diagram showing a change of

display state in the application and the erasing of a voltage
pulse (13.3 ms).

[0089] FIG. 6 is a state diagram in a case that the width
of a voltage pulse is shortened (6.6 ms).

[0090] FIG. 7 is a state diagram in a case that the width
of a voltage pulse is shortened (3.3 ms).

[0091] FIG. 8 is a block diagram showing a structural
example of a driving apparatus for driving a liquid crystal
panel.

[0092] FIG. 9(A) and FIG. 9(B) are diagrams showing
driving waveforms diagrammatically.

[0093] FIG. 10 is an explanatory drawing for explaining
the function of an IAPT driving driver.

[0094] FIG. 11 is an explanatory drawing showing the
relation between a control signal and an applied voltage.

[0095] FIG. 12 is a block diagram showing the structure
of a driving apparatus (Embodiment A-1).

[0096] FIG. 13 is a block diagram showing a structural
example of a signal conversion circuit in Embodiment A-1.

[0097] FIG. 14 is a timing chart showing the operation of
the signal conversion circuit.

[0098] FIG. 15 is a block diagram showing the structure
of a driving apparatus (Embodiment A-2).

[0099] FIG. 16 is a block diagram showing a structural
example of a signal conversion circuit in Embodiment A-2.

[0100] FIG. 17 is a timing chart showing the operation of
the signal conversion circuit in Embodiment A-2.

[0101] FIG. 18(a) and 18(b) are explanatory drawings
showing states of the alignment of CL-LC.

[0102] FIG. 19 is an explanatory drawing showing num-
bers of times required until a FC state is written by using a
pulse width modulation (PWM).

[0103] FIG. 20 is a block diagram showing a structural
example of a controller according to PWM method.

[0104] FIG. 21 is a timing chart showing the operation of
the controller according to PWM method.

[0105] FIG. 22 is a timing chart showing the operation of
the controller according to PWM method.

[0106] FIG. 23 is a block diagram showing a structural
example of a temperature compensation type driving appa-
ratus.

[0107] FIG. 24 is a block diagram showing a controller in
the temperature compensation type driving apparatus.

[0108] FIG. 25 is a timing chart showing a structural
example of a temperature compensation circuit.
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[0109] FIG. 26 is a timing chart showing the operation of
a display sequence controlling circuit.

[0110] FIG. 27 is a waveform diagram showing a driving
waveform in conducting resetting in a PL state.

[0111] FIG. 28 is a block diagram showing a driving
circuit for conducting resetting in a PL state.

[0112]

[0113] FIG. 30 shows a display state in an example of the
liquid crystal display device of the present invention.

[0114] FIG. 31(A) is a diagram showing changes of phase
state in CL-LCD in the present invention, and FIG. 31(B) is
a diagram showing changes of phase in the conventional
technique.

FIG. 29 is a timing chart in resetting in a PL state.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0115] FIG. 4 is a cross-sectional view showing diagram-
matically CL-LCD according to the present invention. CL-
LCD comprises glass substrates 1A and 1B, electrodes 2A
and 2B, thin films of polymer 3A and 3B, a liquid crystal
composition 4 and a light absorber 5 of black color disposed
at a rear surface side to display a FC state and a PL state
stably.

[0116] Thin films of inorganic material such as silica may
be formed instead of the thin films of polymer 3A and 3B.
However, when a rubbing treatment is conducted to a
surface of a thin film adjacent to CL-LC, stability in a FC
state of CL-LC may be lost depending on a kind of the thin
film. Accordingly, thin films without rubbing is provided or
the electrode and the liquid crystal composition are directly
in contact with.

[0117] An electrode gap is maintained by spacers or the
like. The gap is preferably 2-15 um, and more preferably 3-6
um. When the electrode gap is too small, the contrast ratio
of a display decreases. When it is too large, the driving
voltage increases.

[0118] The way of display may be either by a non-full dot
matrix display such as a segment display or a dot matrix
display. For the substrate, a glass substrate or a resinous
substrate may be used, or a combination of a glass substrate
and a resinous substrate may be used. When it is used as a
reflective display element, a light absorber may be disposed
on an inner surface or an outer surface of either one of the
substrates or a substrate having a light absorbing function
may be used.

[0119] A cell is formed by scattering a slight amount of
spacers on electrode surfaces; sealing four sides of opposed
substrates excluding an injection port with a sealing material
such as an epoxy resin, and filing a liquid crystal composi-
tion by vacuum injection.

[0120] In order to examine the optical characteristics of
CL-LCD at the time of applying a voltage and after the
erasing the voltage, examination was repeated to find the
states of display by applying a voltage pulse to the liquid
crystal panel, and then, erasing the voltage pulse. As the
states of the panel before conducting a voltage applying
treatment, a PL state and a FC state are used. FIGS. §, 6 and
7 are explanatory drawings showing a summary of experi-
mental results. FIG. § shows an example of the relation
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between the voltage amplitude and the reflectance wherein
a voltage pulse of 13.2 ms is applied, and the reflectance 10
sec after the erasing of the voltage is measured. In FIG. 5,
a diamond-like mark (#) shows that an initial state is a PL.
state, and a square mark (H) shows that an initial state is a
FC state. FIG. 6 and FIG. 7 show experimental results in
cases that the width of the voltage pulse is further shortened.

[0121] Tt is found from the experimental results that a PL
state in which the reflectance is high and it is a stable state
can be obtained by applying a voltage having an amplitude
of 35 V or more irrespective of the previous state. In other
words, this means that when a pulse-like voltage treatment
is conducted so that the liquid crystal is sufficiently homeo-
tropic-aligned at the time of applying a voltage, the state can
be changed to a PL state by erasing the voltage. Further, a
FC state in which the reflectance is low and it is a stable state
can be formed by applying a voltage having an amplitude of
23 V.

[0122] Namely, in CL-LC used for experiments, the state
of CL-LCD can be turned to a PL state by applying a voltage
having an amplitude of 35 V or more for 13.2 ms even
though the initial state is any state. Further, a FC state in
which the reflectance is low and it is a stable state can be
formed by applying a voltage having an amplitude of 23 V.
This makes it possible to perform the resetting in a shorter
time, which was difficult in the conventional technique.

[0123] Here, in a case that a voltage treatment correspond-
ing to a HO state is conducted according to conditions
obtained by experimental results as shown in FIG. 5 to FIG.
7, and a voltage treatment corresponding to a FC state is
conducted successively, the liquid crystal assumes a homeo-
tropic-aligned state at the first voltage treatment, however, a
predetermined FC state is not always be provided after
conducting the next voltage treatment.

[0124] In an embodiment, accordingly, after conducting a
treatment of applying a relatively high voltage in a first
stage, a second stage is provided wherein there is a stage of
applying no voltage, i.e., a state of 0 V in potential. There-
after, a voltage treatment corresponding to a FC state (a third
stage) is carried out so that writing is conducted according
to individual display data. The state that no voltage is
applied, i.e., a period of the state that a voltage difference is
0V (a period of the second stage) is a time spent from a HO
state to a HG state or a HG/PL-mixed state. Here, the voltage
difference of 0 V may be produced by a voltage pulse having
a small voltage value which functions substantially 0 V.

[0125] With such voltage treatments, the previously writ-
ten state can completely be erased by the first voltage
treatment. Namely, CL-LCD becomes a homeotropic
aligned state. Then, in the period of a voltage difference of
0 V in the first voltage treatment, the alignment state of
CL-LCD is changed to a HG state or a HG/PL-mixed state.
Further, by the next voltage treatment, a FC state or a
FC/PL-mixed state is written.

[0126] Further, when the application time of voltage is
reduced in the next voltage treatment (the third stage) which
corresponds to the writing into a FC state, a FC/PL-mixed
state can be obtained. Then, by writing individual display
data, a display in a PL state can be obtained from the mixed
state in an ON time, and a display in a complete FC state can
be obtained from the mixed state in an OFF time. Accord-
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ingly, a display having a high contrast ratio can be realized
at a high speed even in such case.

[0127] Namely, it is unnecessary to apply, in the third
stage, a voltage having such amplitude that the state of
CL-LCD is rendered sufficiently to be a FC state, i.e., a state
that the liquid crystal alignment indicating selective reflec-
tion does not substantially remain, is provided. Namely, a
voltage having such amplitude that CL-LCD is rendered to
be a PL/FC-mixing state may be applied. In other words, a
lower voltage can be applied or a voltage application period
can be shortened in comparison with a case of forming a FC
state in which the selective reflection does not substantially
remain.

[0128] Thus, when an OFF-display is effected in a selec-
tion time in a a-line-at-a-time driving period in succession to
the first to third stage as described above, namely, if a FC
state substantially free from the remaining of selective
reflection can be provided after a voltage for forming the FC
state has been applied, a display having a good contrast ratio
can be obtained.

[0129] In the following, Embodiment A of the present
invention will be described with reference to FIG. 8. In the
driving circuit, a controller 11 supplies to a row driver 12 a
frame signal (FR) as a control signal, a latch pulse signal
(LP) for switching rows, an alternating signal or an output
reversing signal (M) and a /DOFF signal (/DOFF) as a
non-display signal. To a column driver 13, a LP signal as a
control signal, a clock pulse signal (CP), an M signal, a
/DOFF signal and display data are inputted from the con-
troller 11.

[0130] The row driver 12 selects the first row when the FR
signal becomes a high level. The LP signal corresponds to a
signal which shifts rows to be selected by one. The M signal
is a signal for alternating. The CP signal is used as clocks for
transferring display data from the controller 11 to the
column driver 13. When the /DOFF signal becomes a low
level, the row driver 12 and the column driver 13 tumn
voltage levels to be applied to CL-LCD 100 to predeter-
mined levels (a level V, at an erasing time) respectively.
When the /DOFF signal is at a high level, a state of general
writing is presented.

EXAMPLE A-1

[0131] A thin film of polyimide was formed by spinner
coating on each surface, which contacts a liquid crystal
layer, of glass substrates with stripe-like transparent elec-
trodes. Then, resinous spacers having a diameter of 4 um
were scattered on the surfaces of vertically opposing sub-
strates. An empty cell was formed by overlapping the glass
substrates by interposing an epoxy resin printed with a width
of about 0.4 mm at four sides excluding an injection port so
that the stripe-like electrodes were crossed.

[0132] A chiral nematic liquid crystal (hereinbelow,
referred to as a liquid crystal A) having a helical pitch of
about 0.34 um was prepared by dissolving and mixing 84.7
parts of a nematic liquid crystal of T_=87° C., An=0.231,
Ae=16.5, viscosity 1=32 mPa-s, and specific resistance=2x
10" Q-em, 5.1 parts of a chiral agent shown in a chemical
formula 1, 5.1 parts of a chiral agent shown in chemical
formula 2 and 5.1 parts of a chiral agent shown in chemical
formula 3.
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[0133] Aliquid crystal panel was prepared by injecting the
liquid crystal A into the empty cell by a vacuum injection
method and sealing the injection port with a UV ray curing
material. The numbers of electrodes are 240 lines with
respect to row electrodes, 320 lines with respect to column
electrodes and the resolution is about 100 dpi. A lusterless
black paint was uniformly coated by spraying on a substrate
of the liquid crystal panel.

[0134] Next, a row electrode and a column electrode in the
liquid crystal panel were selected, and a voltage of 40 V was
applied for 20 msec to the crossing portion of these elec-
trodes. When the crossing portion was observed from a side
of the substrate on which the black coating was not formed,
after the application of the voltage, the crossing portion
indicated a green reflection color. Then, a voltage of 20 V
was applied for 20 ms. When the crossing portion was
observed from a side of the substrate on which the black
coating was not formed, the crossing portion indicated
substantially a black color.

[0135] When a display sequence was started, a voltage of
40 V was applied for 13.2 ms to the entirety of the panel in
order to initialize the entire display surface of the liquid
crystal panel 10. Subsequently, a non-voltage application
time of 1 ms in which the voltage to be applied to the liquid
crystal panel 10 was 0, was provided. Then, as conditions of
a voltage to change the state to a FC state, a voltage of 23
V was applied to all pixels for 3.3 ms. Then, a a-line-at-a-
time selection driving was carried out.

[0136] A more specific driving sequence will be described
with reference to a timing chart in FIG. 9(A). A state that the
row driver 12 applies V, to all row electrodes and the column
driver 13 applies V. to all column electrodes wherein V, is
35 Vand V, is -5V, is assumed, for example. Then, a
voltage of 40 V is applied to all pixels in the liquid crystal
panel 10. In FIG. 9(A), a period in which a voltage of 40 V
is applied is shown as a reset portion (RST-P). Further, the
reset portion corresponds to the first period.
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[0137] Then, after the state that the non-voltage applica-
tion time in which the applied voltage is 0 V is continued for
1 ms, a voltage of 23 V is applied to all the pixels for 3.3
msec. Specifically, a voltage of V-V is applied by the row
driver 12 and the column driver 13. In FIG. 9(A), thesc
periods are shown as a non-voltage application portion
(WAIT-P) and a focalconic portion (FC-P). The non-voltage
application portion corresponds to the second period and the
focalconic portion corresponds to the third period.

[0138] Then, writing of display data, ie., a a-line-at-a-
time driving is started. In the a-line-at-a-time driving, rows
to be selected are changed orderly, and in synchronism with
this, column voltages according to display data are outputted
to column electrodes. Polarities of a driving voltage wave-
form are reversed at an appropriate frequency so as to be
alternated. In a a-line-at-a-time driving period, when row
electrodes are selected, a voltage of V +V_ is applied in an
ON display (PL state), and a voltage having an amplitude of
V,—. is applied in an OFF-display (FC state).

[0139] In this Example, V, was 35 V and V_ was 5 V.
Further, a period for selecting row electrodes once was 3.3
ms. In FIG. 9(A), the a-line-at-a-time driving period is
shown as an addressing portion (ADRS-P). A non-voltage
application portion may be or may not be provided between
the focalconic portion and the addressing portion. FIG. 9(A)
exemplifies a case that the non-voltage application portion is
provided.

[0140] It was confirmed that by conducting a series of
voltage treatments before the writing of display data, CL-
LCD 100 was in a FC state in which a slight residual
reflection remained. Further, when the writing of display
data was performed by the a-line-at-a-time driving, and a
test pattern was displayed under the above-mentioned con-
ditions, a display having a high contrast ratio was obtained
without resulting a residual image.

EXAMPLE A-2

[0141] In the driving conditions in Example A-1, a voltage
of 40 V was applied for 13.2 ms to the entirety of CL-LCD
100, and then, a non-voltage application time of 1 ms in
which the voltage to be applied was 0 V, was provided. In
the next voltage treatment period, i.e., the focalconic por-
tion, a voltage of 24 V was applied for 2.0 ms, and a
a-line-at-a-time driving was started to display a test pattern.

[0142] Then, although the state of the alignment before the
starting of the a-line-at-a-time driving was a FC/PL-mixed
state, the state of display by the a-line-at-a-time driving was
such one having a high contrast ratio and free from any
residual image wherein the quality was slightly inferior to
Example A-1. Further, a time for the display sequence could
be reduced in comparison with Example A-1.

[0143] As described above, in order to erase completely
the previously written display state, all the pixels have to be
oriented once perpendicularly. For this, a voltage of 40V, for
instance, is applied to all the pixels of CL-LCD 100 in a
predetermined period (the reset portion in FIG. 9(A)).
However, there is a possibility that the voltage application
time is determined to be longer in order to reduce an
applicable voltage in practical use.

[0144] Tt is found from a result of this Example that a
display having a relatively high contrast ratio can be
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obtained even by shortening the focalconic portion as the
third stage. When the focalconic portion is shortened, the
alignment state before the starting of the a-line-at-a-time
driving indicates an insufficient FC state in which selective
reflection remains in a PL state, i.¢., a FC/PL-mixed state.
However, since a FC state is written as an OFF-display at the
time of the a-line-at-a-time driving, a relatively high contrast
ratio can be obtained.

[0145] Accordingly, when conditions of voltage to obtain
a HO state are represented by V (a voltage value of the reset
portion) and t, (a period of the reset portion), and conditions
of voltage to obtain a FC state by writing are represented by
V, (a voltage value of the focalconic portion) and T, (a
period of the focalconic portion), it is possible that V>V,
and T,>T,.

Comparative Example A-1

[0146] In the driving conditions of Example A-1, the time
of the non-voltage application portion was changed in a
range of from 0 to 0.3 ms. A display having the same contrast
ratio as Example A-1 could not be obtained even when
driving conditions for the a-line-at-a-time driving were
changed.

Comparative Example A-2

[0147] In a case of T, being 20 ms which was 40 times of
Ty, flickering produced at the time of resetting. Further, a
time spent for the initialization (reset) becomes relatively
long. The spent time in this case influences largely the
structure of one display sequence.

EXAMPLE A-3

[0148] In the driving conditions in Example A-1, when
display data were written according to a a-line-at-a-time
driving, an application time to column electrodes was
divided uniformly into 10 portions in a selection period, and
voltages corresponding to ON and OFF according to gra-
dation data were applied to the column electrodes in each
divided period. Then, when a test pattern was displayed
according to such voltage application method, a uniform
gradation display according to display data could be
obtained.

Comparative Example A-3

[0149] In driving conditions of Example A-1, voltages
applied to column electrodes were V_in ON and -V in OFF,
and voltage values of n-'V(-1<n<1) were applied to the
column electrodes in response to the gradation data. A 10
gradation display was presented by changing the voltage
values. When various test patterns were displayed, an
uneven parallel display produced on the column electrodes
and a non-uniform gradation display was provided.

[0150] Accordingly, it was found that a good gradation
display could not be obtained in a case of using amplitude
modulation although a good gradation display could be
obtained by using a pulse width modulation in a case of
effecting a gray scale display.

[0151] In the following, a driving circuit for driving CL-
LCD will be described. A driving driver which can realize a
a-line-at-a-time selection method (for example, APT: Alto
Pleshko Technique or IAPT by improving this technique:
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improved APT) as the basic driving system for a passive
matrix type STN liquid crystal display device, is widely used
as IC of a specialized use.

[0152] In an IAPT driving driver for driving the passive
matrix type STN liquid crystal display device, a selection
voltage can be applied only to each row electrode. Accord-
ingly, in order to change the initial state of CL-LCD in its
entire display surface to a FC state, at least 1 frame period
is needed to change the state into a HO state. In addition, at
least 1 frame period is needed to change the state to a FC
state. In order to effect the change to a HO state in 1 frame
period, the change has to be done in 1 selection time in an
addressing time. Accordingly, it is necessary to apply a
higher voltage than an ON voltage.

[0153] A driver having a high voltage endurance is
required in order to realize it. This is difficult. On the
contrary, when a sufficient homeotropic alignment is to be
obtained with a voltage equal to an ON voltage, it is
necessary to extend 1 selection time, with the result that a
time required for initialization is longer than a writing time.

[0154] Namely, when the IAPT driving driver is applied to
CL-LCD without modification, the above-mentioned volt-
age application treatments (the first stage to the third stage)
can not be realized, and a time required for initialization
becomes about several times as long as a time of selecting
1 picture. Namely, a time required for rewriting 1 picture
including the initialization becomes long. Therefore, the
driving apparatus according to the present invention in
which an easily usable IAPT driving driver is used, is
proposed.

[0155] FIG. 10 and FIG. 11 are explanatory drawings for
explaining the function of the IAPT driving driver. As shown
in FIG. 10, in a column driver (COL-DRV) and a row driver
(ROW-DRV), liquid crystal driving voltages having 4 levels
are required respectively. However, voltages having 6 levels
are required in the entire system. Here, V, is a voltage
applied to row electrodes in a selection time and V, is a
voltage having a value of % of a difference between an ON
voltage and an OFF voltage applied to the row electrodes.

[0156] As shown in FIG. 11, an output voltage is deter-
mined in the row driver and the column driver respectively
depending on a polarity reversing signal (M signal) as a level
signal and a non-display instruction signal (/DOFF signal).
However, when the /DOFF signal is at a low level, all
outputs from the row driver and the column driver have a V,,
level irrespective of another input signal.

[0157] FIG. 12 is a block diagram showing Embodiment
A-1 of the driving apparatus. In this embodiment, a signal
conversion circuit 14 is added in the general driving circuit
shown in FIG. 8. The signal conversion circuit 14 is
disposed between the controller 11 and the row driver 12 and
the column driver 13 to produce signals for forming the first
stage (reset portion), the second stage (non-voltage appli-
cation portion) and the third stage (focalconic portion), as
described above, based on each signal from the controller
11, and supplies the signals to the row driver 12 and the
column driver 13.

[0158] Here, description will be made on the premise that
the signal conversion circuit 14 is independent from the
signal controlling circuit 11. However, they may be unified
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together. When they are unified, the timing of signals can be
optimized whereby a time for the initialization can be
reduced.

[0159] Further, an M signal is a polarity reversing signal
produced by the signal conversion circuit 14, and DATA
indicates display data produced by the signal conversion
circuit 14. DATA is the same as display data outputted from
the signal controlling circuit 11 in the addressing portion. A
/DOFF1 signal is a /DOFF signal produced by the signal
conversion circuit 14 and is supplied to the column driver
13, and a /DOFF?2 signal is a /DOFF signal produced by the
signal conversion circuit 14 and is supplied to the row driver
12.

[0160] CL-LCD having a memory mode of operation
maintains the state of a display when data are once written
in. Accordingly, it is unnecessary to conduct writing for each
frame period. However, it is necessary to instruct from
outside the timing of rewriting of data. A start signal
(START) shown in FIG. 12 is a signal used for the timing.
The START signal may be a signal produced by a timer to
become effective for each predetermined period, or a display
rewriting instruction signal from MPU as a source for
generating display data or an external switch. FIG. 12 shows
as an example, the signal outputted from MPU.

[0161] FIG. 13 is a block diagram showing a structural
example of the signal conversion circuit 14 in Embodiment
A-1. In the signal conversion circuit 14 shown in FIG. 13,
a 0.5-line detection circuit 21 determines the timing of % of
a selection period using a LP signal as a trigger and outputs
to an OR circuit 22 a signal in which a voltage level is
reversed by such timing. A down-counter 24 is a counter
which presets (n-1) as soon as a FR signal is inputted, and
subtracts a counted value by 1 in response to an input of the
LPsignal. Here, a character N designates the number of rows
for display. First to fifth comparators (hereinbelow, referred
to as comparators) 25, 26, 27, 28 and 29 compare a counted
value by the down-counter 24 with a predetermined value
respectively.

[0162] The OR circuit 22 is adapted so that when a mask
signal from a DOFF controlling circuit 31 is in a low level
state, it supplies an output signal of the 0.5-line detection
circuit 21 as an M signal to the row driver 12 and the column
driver 13, and when the mask signal is in a high level state,
it supplies an M signal of high level to the row driver 12 and
the column driver 13.

[0163] Further, a selector 23 is adapted to output any one
of display data, data of high level and data of low level from
the signal controlling circuit 11, as a DATA signal depending
on a state of a selection signal, to the column driver 13.

[0164] A start flag circuit 30 synchronizes the START
signal with the FR signal, and sets a start flag. The setting of
the start flag is instructed to the DOFF controlling circuit 31.
Further, the start flag is reset according to an instruction
from the DOFF controlling circuit 31. The DOFF controlling
circuit 31 functions in a state that the start flag is set. Further,
it supplies the /DOFF1 signal to the column driver 13 and
the /DOFF?2 signal to the row driver 12 depending on states
of output from the comparators 25, 26, 27, 28 and 29.
Further, it supplies a mask signal to the OR circuit 22, and
supplies a selection signal to the selector 23.

[0165] In the following, operations will be described with
reference to the timing chart of FIG. 14. The comparators
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25,26, 27, 28 and 29 are provided so that the time length of
the reset portion (the first stage) is set to A, the time length
of the non-voltage application portion (the second stage) is
set to B, and the time length of the focalconic portion (the
third stage) is set to C. Each of the comparators 25-29
receives a counted value from the down-counter 24 which
counts down LP signals; compares the counted value with a
predetermined value, and outputs an identity signal when
these values are coincident.

[0166] In this embodiment, a first period determining
means for determining the time length A of the reset portion
comprises the down-counter 24 and the comparators 235 and
26. A second period determining means for determining the
time length B of the non-voltage application portion com-
prises the down-counter 24 and the comparators 26 and 27.
A third period determining means for determining the time
length C of the focalconic portion comprises the down-
counter 24 and the comparators 27 and 29. A voltage
application means for applying a predetermined voltage in
the first to third stages comprises the OR circuit 22, the
selector 23 and the DOFF controlling circuit 31.

[0167] The predetermined value for comparison of the
comparator 25 is (A+B+C) and the predetermined value for
comparison of the comparator 26 is (A+B). The predeter-
mined value for comparison of the comparator 27 is B, and
the predetermined value for comparison of the comparator
28 is 1. The predetermined value for comparison of the
comparator 29 is 0. Further, A+B+C<N (N is the number of
rows for display).

[0168] In a state that the start flag is not set, the DOFF
controlling circuit 31 fixes non-display instruction signals
(/DOFF1 signal and the /DOFF2 signal) with respect to the
column driver 13 and the row driver 12 to be a low level so
that all the column electrodes and the row electrodes are in
a state of applying no voltage, i.e., a state of potential V..

[0169] Accordingly, CL-LCD 100 becomes a state of
applying no voltage irrespective of signals from the signal
controlling circuit 11. Further, in order to fix the M signal
and the DATA signal to a high level, it fixes the mask signal
applicable to the OR circuit 22 to a high level, and sets so
that a high level (1”) is selected in the selection signal to the
selector 23. When the START signal is inputted to the start
flag circuit 30 and then, the FR signal is inputted thereto, a
start flag is set in the start flag circuit 30. The FR signal is
inputted at each frame period.

[0170] When the FR signal is inputted, (N-1) is preset in
the down-counter 24. Thereafter, the down-counter 24
counts down by using a row switching signal (LP signal) as
a trigger. The comparator 25 outputs an identity signal to the
DOFF controlling circuit 31 when a counted value by the
down-counter 24 is coincident with (A+B+C). The DOFF
controlling circuit 31 receives the identity signal from the
comparator 25 in a state that the /DOFF1 signal and the
/DOFF2 signal are both at a low level, and fixes the /DOFF1
signal to the column driver 13 to a high level when the LP
signal is inputted.

[0171] As a result, the voltage level of all the column
electrodes becomes V.(V +V,) according to the relation
shown in FIG. 11. Further, since the voltage level of all of
the row electrodes is V, the voltage applied to liquid crystal
is V.+V_ to all the pixels. For instance, when V =35 V and
V=5V, the voltage applied to liquid crystal is 40 V.
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[0172] When the counted value of the down-counter 24 is
coincident with (B+C), the comparator 26 outputs an iden-
tity signal to the DOFF controlling circuit 31. The DOFF
controlling circuit 31 receives the identity signal from the
comparator 26 in a state that the /DOFF1 signal is at a high
level and the /DOFF2 signal is at a low level. Further, when
the LP signal is inputted, the /DOFF1 signal to the column
driver 13 is fixed to a low level. As a result, CL-LCD 100
becomes a state of applying no voltage according to the
relation shown in FIG. 11.

[0173] In this case, the DOFF controlling circuit 31 sets so
that a low level (“0”) is selected in the selection signal to the
selector 23.

[0174] A period from the time point that the voltage
applied to liquid crystal is changed to V_+V/ to the time at
which a state of applying no voltage is exhibited is a period
spent until the counted value of the down-counter 24
advances by “A”, and this period is the reset portion as
shown in FIG. 14.

[0175] The comparator 27 outputs an identity signal to the
DOFF controlling circuit 31 when the counted value of the
down-counter 24 is coincident with C. The DOFF control-
ling circuit 31 receives the identity signal from the com-
parator 27 in a state that the /DOFF1 signal and the /DOFF2
signal are both at a low level.

[0176] Further, when the LP signal is inputted, the
/DOFF1 signal to the column driver 13 is fixed to a high
level. As a result, the voltage level of all the column
electrodes becomes V4(V,-V,) according to the relation
shown in FIG. 11. Since the voltage level of all of the row
electrodes is V,, the voltage applied to liquid crystal for all
the pixels becomes V,-V_. For instance, when V,=35 V and
V=5V, the voltage applied to liquid crystal is 30 V.

[0177] A period from the time point that the voltage
applied to liquid crystal is changed to a state of applying no
voltage to the state of V,-V_ is a period spent until the
counted value of the down-counter 24 advances by “B”, and
this period is a non-voltage application portion as shown in
FIG. 14.

[0178] The comparator 28 outputs an identify signal to the
DOFF controlling circuit 31 when the counted value of the
down-counter 24 is coincident with 1. The DOFF controlling
circuit 31 receives the identify signal from the comparator
28 in a state that the /DOFF1 signal is at a high level and the
/DOFF2 signal is at a low level. Further, when it receives the
LP signal, it supplies a selection signal to the selector 23 so
that display data are selected as the DATA signal.

[0179] The comparator 29 outputs an identity signal to the
DOFF controlling circuit 31 when the counted value of the
down-counter 24 is in coincident with 0. The DOFF con-
trolling circuit 31 receives the identity signal from the
comparator 29 in a state that the /DOFF1 signal is at a high
level and the /DOFF?2 signal is at a low level, and fixes the
/DOFF1 signal and the /DOFF2 signal to the column driver
13 and the row driver 12 to a high level when the LP signal
is received.

[0180] Further, it fixes the mask signal to the OR circuit 22
to a low level, so that an output from the 0.5-line detection
circuit 21 is an M signal. Accordingly, the addressing
portion is initiated by the a-line-at-a-time driving whereby a
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display in response to the DATA signal and the M signal is
effected. At this moment, an ON voltage is V,+V_ and an
OFF voltage is V,-V_.

[0181] A period from the time point that the voltage
applied to liquid crystal is changed to V.=V to a time point
that a voltage in response to ON/OFF appears is a period
spent until the counted value of the down-counter 24
advances by “C”, and this period is the focalconic portion as
shown in FIG. 14.

[0182] When an identify signal is outputted from the
comparator 29 in a state that the /DOFF1 signal and the
/DOFF2 signal which are non-display instruction signals to
the column driver 13 and the row driver 12, are both at a high
level, the DOFF controlling circuit 31 resets the start flag,
and fixes the /DOFF1 signal and the /DOFF?2 signal to a low
level so that the voltage applied to liquid crystal is made 0
V in all the pixels.

[0183] Accordingly, CL-LCD is kept in a state of storing
written data. Further, the mask signal to the OR circuit 22 is
fixed to a high level, and the selection signal is switched so
that the output of the selector 23 is fixed to a high level.
Then, such state is maintained until the next START signal
is inputted.

[0184] Thus, in Embodiment A-1, the first stage to the
third stage, i.¢., the reset portion, the non-voltage application
portion (or a waiting portion) and the focalconic portion are
produced by utilizing the M signal and the /DOFF signals
which can be handled by the conventional driving apparatus.
Accordingly, the IAPT driving driver can be applied to the
present invention.

[0185] Next, the structure of Embodiment A-2 is shown in
FIG. 15. In Embodiment A-2, a signal conversion circuit 14
outputs also a SEL signal as a voltage switching instruction
signal. Further, a power source device 15 and a switch circuit
16 are provided. The power source device 15 is capable of
supplying VLCD1 as a voltage generally used for driving a
liquid crystal display panel and VLCD?2 as a voltage having
an optional voltage level. In Embodiment A-2, the power
source device 15 and the switch circuit 16 are part of a
voltage application means for applying a predetermined
voltage in the first to the third stages.

[0186] VLCD1 is a voltage corresponding to an ON
voltage V5(V,+V,) generally used in writing operations.
VLCD2 is also a voltage corresponding to V4(V,+V,) pro-
vided that it has a different value from VLCD1. For instance,
when VLCD1 is 40 V, VLCD2 has a voltage value of 24 V.
In response to the SEL signal from the signal conversion
circuit 14, the switch circuit 16 provides a necessary voltage
for the row driver or the column driver by dividing either
VLCDO1 or VLCD2.

[0187] FIG. 16 s a block diagram showing an example of
the structure of the signal conversion circuit 14 in Embodi-
ment A-2. In the signal conversion circuit 14 shown in FIG.
16, a 0.5-line detection circuit 21, an OR circuit 22, a
down-counter 24, comparators 25 to 29 and a start flag
circuit 30 operate in the same manner as in Embodiment
A-1.In a DOFF controlling circuit 31, the function to control
the SEL signal which instructs the switching of a power
source voltage is added. Further, the selector 23 used in
Embodiment A-1 is changed, and an OR circuit 23A is
provided.
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[0188] In the following, operations will be described with
reference to the timing chart of FIG. 17. In a state that a start
flag is not set, the DOFF controlling circuit 31 fixes non-
display instruction signals to the column driver 13 and the
row driver 12 (a /DOFF1 signal and a /DOFEF2 signal) to a
low level so that all column electrodes and row electrodes
are in a state of applying no voltage, i.e., a state of a potential
of V.

[0189] Accordingly, CL-LCD 10 becomes a state of
applying no voltage irrespective of states of signal from the
signal controlling circuit 11. Further, in order to fix an M
signal and a DATA signal to a high level, a mask signal to
the OR circuit 22 and a mask signal to the OR circuit 23A
are fixed to a high level. When a START signal is inputted,
and then, a FR signal is inputted, a start flag is set in the start
flag circuit 30. The FR signal is inputted for each frame
period.

[0190] When the FR signal is inputted, (N-1) is preset in
the down-counter 24. Thereafter, the down-counter 24
counts down row switching signals (LP signals). The com-
parator 25 outputs an identity signal to the DOFF controlling
circuit 31 when the counted value of the down-counter 24 is
coincident with (A+B+C).

[0191] The DOFF controlling circuit 31 receives the iden-
tity signal from the comparator 25 in a state that the /DOFF1
signal and the /DOFF2 signal are both at a low level. Further,
it fixes the /DOFF1 signal to the column driver 13 to a high
level when the LP signal is inputted.

[0192] As a result, the voltage level of all column elec-
trodes becomes V4(V +V_) according to the relation shown
in FIG. 11. Further, since the voltage level of all row
electrodes is V,, the voltage applied to liquid crystal
becomes V,+V, to all the pixels. For instance, when V =35
V and V_=5 V, the voltage applied to liquid crystal is 40 V.

[0193] The comparator 26 outputs an identity signal to the
DOFF controlling circuit 31 when the counted value of the
down-counter 24 is coincident with (B+C). The DOFF
controlling circuit 31 receives the identity signal from the
comparator 26 in a state that the /DOFF1 signal is at a high
level and the /DOFF2 is at a low level.

[0194] Further, it fixes the /DOFF1 signal to the column
driver 13 to a low level when the PL signal is inputted. As
a result, CL-LCD 10 becomes a state of applying non-
voltage according to the relation shown in FIG. 11.

[0195] A period from the time point that the voltage
applied to liquid crystal is changed to V +V_ to the time at
which a state of applying no voltage is exhibited is a period
spent until the counted value of the down-counter 24
advances by “A”, and this period is the reset portion as
shown in FIG. 17.

[0196] The comparator 27 outputs an identity signal to the
DOFF controlling circuit 31 when the counted value of the
down-counter 24 is coincident with C. The DOFF control-
ling circuit 31 receives the identity signal from the com-
parator 27 in a state that the /DOFF1 signal and the /DOFF2
signal are both at a low level, and fixes the /DOFF1 signal
to the column deriver 13 to a high level when the LP signal
is inputted.

[0197] Further, it fixes the SEL signal to a high level.
When the SEL signal becomes a high level, the switch
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circuit 16 shown in FIG. 15 is ready for selecting VLCD2
from the power source device 15 and supplying the selected
voltage to the row driver 12 and the column driver 13.

[0198] As a result, the voltage level of all column elec-
trodes becomes V(V,+V,). Further, since the voltage level
of all row electrodes is V,, the voltage applied to liquid
crystal becomes V +V_ to all the pixels. In this stage,
however, since the SEL signal is at a high level, the voltage
applied to liquid crystal is VLCD2 which is different from
V., +V (=VLCD1) used usually for the reset portion and the
a-line-at-a-time driving. For instance, V,+V_=24 V.

[0199] A period from the time point that the voltage
applied to liquid crystal is changed to a state of applying no
voltage to the time point that the supply of VLCD2 is
initiated is a period until the counted value of the down-
counter 24 advances by “B”, and this period is the non-
voltage application portion as shown in FIG. 17.

[0200] The comparator 28 outputs an identity signal to the
DOFF controlling circuit 31 when the counted value of the
down-counter 24 is coincident with 1. The DOFF controlling
circuit 31 receives the identity signal from the comparator
28 in a state that the /DOFF1 signal is at a high level and the
/DOFF2 signal is at a low level. Further, it fixes the mask
signal to the OR circuit 23A to a low level in response to an
input of the LP signal, whereby display data are outputted as
the DATA signal.

[0201] The comparator 29 outputs an identity signal to the
DOFF controlling circuit 31 when the counted value of the
dow-counter 24 is coincident with 0. The DOFF controlling
circuit 31 receives the identity signal from the comparator
29 in a state that the /DOFF1 signal is at a high level and the
/DOFF2 signal is at a low level.

[0202] Further, it fixes the /DOFF1 signal and the /DOFE2
signal to the column driver 13 and the row driver 12 to a high
level when the LP signal is inputted.

[0203] Then, the SEL signal is returned to a low level. As
a result, the row driver 12 and the column driver 13 are
returned to a state that VLCD1 is supplied from the power
source device 15. Further, it is provided that the mask signal
to the OR circuit 22 is to be a low level so that an output
from the 0.5-line detection circuit 21 is generated as an M
signal. Accordingly, the addressing portion in which a
display in response to the DATA signal and the M signal is
effected by the a-line-at-a-time driving, is initiated. In this
case, an ON voltage is V,+V_ and an OFF voltage is V -V_.

[0204] A period from the time point that the voltage
applied to liquid crystal is changed to a voltage based on
VLCD?2 to the time point at which a voltage according to
usual ON/OFF operations is produced, is a period until the
counted value of the down-counter 24 advances by “Cat”,
and this period is the focalconic portion as shown in FIG.
17.

[0205] Further, when an identify signal is outputted from
the comparator 29 in a state that the /DOFF1 signal and the
/DOFF2 signal, as non-display instruction signals to the
column driver 13 and the row driver 12, are both at a high
level, the DOFF controlling circuit 31 resets the start flag,
and fixes both the /DOFF1 signal and the /DOFF?2 signal to
a low level so that the voltage applied to liquid crystal is O
V to all the pixels. Accordingly, CL-LCD is kept in a state
of storing written data.
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[0206] Further, the controlling circuit fixes the mask signal
to the OR circuit 22 and the mask signal to the OR circuit
23A to a high level, and fixes the M signal and the DATA
signal to a high level. Then, it maintains such state until the
next START signal is inputted.

[0207] As described above, even in Embodiment A-2, the
reset portion, the non-voltage application portion and the
focalconic portion can be produced by utilizing the M signal
and the /DOFF signals which can be handled by the con-
ventional driving apparatus. Accordingly, the IAPT driving
driver can be applied to the present invention.

[0208] Further, in Embodiment A-2, since the amplitude
of a voltage in the focalconic portion can optionally be
determined, the optimum voltage value required for the
focalconic portion can be used. This embodiment may have
such structure that the amplitude of a voltage in the reset
portion can also be determined to have an optical value.

[0209] In each of the embodiments described above,
lengths of the first to the third stages are determined based
on the LP signal. However, lengths of the first to the third
stages may be determined based on a clock signal other than
the LP signal. In this case, by using a clock signal of higher
frequency, the time for the initialization can further be
shortened.

[0210] In each of the embodiments described above, a
positive pulse-like voltage is applied to CL-LC in the first
stage (the reset portion) and the third stage (the focalconic
portion). However, a positive pulse and a negative pulse,
which have the equal voltage amplitude in absolute value,
may be applied in the respective stages.

[0211] In the following, Embodiment B using a pulse
width modulation system will be described. FIG. 19 is an
explanatory drawing showing an experimental result. In a
case of an voltage application time of 1 ms, CL-LC can be
turned to a substantially complete FC state by around 5 times
of voltage application. On the other hand, in order to obtain
the same state by only one time of voltage application, a
voltage application time of 10 ms is needed. Thus, it is
understood that by applying a voltage several times in a
shorter application time, the total time of obtaining a FC
state can be reduced, in comparison with a case of obtaining
a FC state by one time of voltage application.

[0212] Namely, in a preparation period for writing display
data, a voltage for rendering the state to be once a HO state
is applied to CL-LC so that the previous state of display is
reset, and then, a state of applying no voltage, i.., a period
of a potential of 0 V is provided. Further, a voltage pulse
which makes the state to an intermediate state between a FC
state and a PL state is applied discontinuously to CL-LC in
a shorter application time. By this method, the state of
CL-LC is changed to a FC state in which there is substan-
tially no selective reflection remained or an intermediate
state between a FC state and a PL state, and voltages
corresponding to display data should be written in it in such
state.

[0213] According to the above-mentioned driving method,
the time required for the sequence for renewing a series of
picture images can further be shortened. Further, since
CL,-LC is changed to a HG state or an intermediate state
between a HG state and a PL state in a period of a potential
of 0V, the time of resetting can effectively be shortened.
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[0214] Further, since the initial stage is set to a FC state or
a FC/PL-mixed state, the all the pixels become simulta-
neously a reflective display state in a PL state, and accord-
ingly, occurrence of flickering at a resetting time can be
suppressed.

[0215] Further, as shown in FIG. 5 to FIG. 7, the optimum
voltage for writing a FC state increases as the voltage
application time is shortened. Accordingly, when V, is an
applicable voltage for providing a homeotropic alignment,
T, is a time for applying the voltage, V; is an applicable
voltage per 1 time for writing a FC state or a FC/PL-mixed
state, and 4 is a time for applying the voltage, if V5 and 14
are selected properly, V, and V can be made common under
the condition of t,>t5. Therefore, the circuit structure of the
driving driver can be simplified.

[0216] FIG. 20 is a block diagram showing a structural
example of a controller 11. An oscillator 21 generates a
clock signal (CLK) having a predetermined frequency. A
reference counter 22 receives CLK to count. Values counted
by the reference counter 22 are inputted to a line-counter 23.
When a counted value reaches a predetermined value, the
line-counter adds +1. A comparator 24 receives a counted
value (DOT) of the reference counter 22, a counted value
(LINE) of the line-counter 23 and set values (N;-N) of a set
register 25, and produces a CP signal, an M signal, an LP
signal, a /DOFF1 signal, a /DOFF2 signal and a SEL signal.
The SEL signal is outputted to a selector 27.

[0217] A memory 26 stores display data from a MPU 20.
The selector 27 selects any of data stored in the memory 26,
a “1” fixing signal and a “0” fixing signal, and outputs the
selected data as a DATA signal to CL-LCD.

[0218] A set value for setting a voltage application time,
which is provided from the MPU 20, is written in the set
register 25. Each of times is a value based on numbers of
clock outputted from the oscillator 21. In the present inven-
tion, a high voltage application time for providing a homeo-
tropic alignment (a period of the first stage) is represented by
N,, a time of the non-voltage application portion (a period
of the second stage) is represented by N, a voltage appli-
cation time for changing to a FC state (a period of the third
stage) is represented by N, the number of times of repeating
N, and N; is represented by N, and a selection time in a
a-line-at-a-time driving is represented by Ni.

[0219] CL-LCD maintains the state of a display when data
are once written. Accordingly, it is unnecessary to write data
for each frame period. However, it is necessary to instruct
from the outside the timing required for rewriting data.
Accordingly, an instruction of rewriting the display is pro-
duced from the MPU to the set register 25. When an
instruction of rewriting the display is set in the set register
25, the START signal is outputted to the comparator 24.

[0220] In this Embodiment B. a first period determining
means for determining a high voltage application period for
providing a homeotropic alignment, a second period deter-
mining means for determining a time of the non-voltage
application portion and a third period determining means for
determining a voltage application time for changing to a FC
state, can be realized by the reference counter 22, the
line-counter 23, the set register 25 and the comparator 24
respectively. A voltage application means for applying a
predetermined voltage in the first to the third stages can be
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realized by the memory 26, the selector 27 and the com-
parator 24. Further, a frequency controlling means for
repeating the second stage and the third stage can be realized
by the set register 25 and the comparator 24.

[0221] 1In the next, operations will be described with
reference to the timing chart of FIG. 21. Here, N,=2; an ON
voltage in the a-line-at-a-time driving is V,+V_ and an OFF
voltage is V-V _.

[0222] Assuming that the controller 11 is in an initial state
until the starting of a display is instructed from the MPU 20.
Namely, signal levels are controlled so that the CP signal:
low level, LP signal: low level, M signal: high level, DATA:
high level, and /DOFF1 signal and /DOFF2 signal: low
level. Since the /DOFF1 signal and the /DOFF2 signal are
both at a low level, all row electrodes and column electrodes
are in a state of applying no voltage, i.c., in a state of a
potential V. Further, both the reference counter 22 and the
line-counter 23 keep “0”.

[0223] When the starting of a display is instructed from
the MPU 20, a START flag is set in the set register 25
whereby a START signal becomes a high level. When the
START signal is turned to a high level, the comparator 24
puts the reference counter 22 in an operating state. The
reference counter 22 increases the counted value by 1 in
response to the clock (CLK) from the oscillator 21. When a
value in the line-counter 23 is 0, the reference counter 22
counts up until the counted value is coincident with N.

[0224] The comparator 24 produces a CP signal of high
level when the counted value of the reference counter 22 is
an even number, and produces a low level when it is an odd
number so that CP signals are outputted for the number of
pulses corresponding to the number of dots of the display
element. During the operations, DATA is at a high level, and
accordingly, the values of inner registers of the column
driver 13 are all at a high level.

[0225] When the counted value of the reference counter 22
is coincident with Ny, the comparator 24 makes the CNT
signal a high level in one clock period. In response to the
CNT signal, the reference counter 22 turns the value to 0,
and the line-counter 23 adds +1 to the value. At this moment,
the comparator makes the LP signal a high level in one clock
period. Therefore, the values of inner registers of the column
driver 13 are reflected to outputs of the column driver 13.

[0226] When the value of the line-counter 23 becomes 1,
the comparator 24 makes the /DOFF2 signal a high level.
From the relation shown in FIG. 11, voltage levels on all
column electrodes become Vy(V,+V,) . Further, since volt-
age levels on all row ¢lectrodes are V,, the voltage applied
to liquid crystal becomes V +V_ to all pixels. Namely, a
voltage necessary for providing a homeotropic alignment of
liquid crystal can be applied to the entire surface of a display
area.

[0227] The comparator 24 outputs a SEL signal so as to fix
DATA to a low level. The selector 27 selects “0” in response
to the SEL signal. The comparator 24 outputs successively
CP signals to make all the values of inner registers of the
column driver 13 to be at a low level. The reference counter
22 counts up until the counted value is coincident with N;.
When the counted value is coincident with N, the counted
value is returned to 0. At this moment, +1 is added to the
value of the line-counter 23 to be 2.
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[0228] When the value of the line-counter 23 becomes
2n(1=n=N,), the comparator 24 makes the /DOFF2 signal
a low level so that output potentials of the column driver 13
are all V. Therefore, the voltage applied to liquid crystal
becomes 0 V. The reference counter 22 counts up until the
counted value is coincident with N,. When the counted
value is coincident with N,, the counted value of the
reference counter 22 is returned to 0, and +1 is added to the
value of the line-counter 23. When the value of the line-
counter 23 is changed from 2 to 3, the comparator 24 makes
the LP signal a high level in one clock period. As a result,
the values of inner registers of the column driver 13 are
reflected to outputs from the column driver 13.

[0229] When the value of the line-counter 23 is
2n+1(1£n=N,), the comparator 24 makes the /DOFE2
signal a high level. In this case, since the M signal is at a
high level, and DATA latched by the column driver 13 is at
a low level, the applied voltage to all column electrodes is
V, according to the relation shown in FIG. 11, and the
voltage applied to liquid crystal becomes V,(V,-V ) to all
pixels. Accordingly, a voltage required for providing a FC
state is applied to the entire display. The reference counter
22 counts up until the counted value is coincident with Nj.
When the counted value is coincident with Nj, the counted
value of the reference counter 22 1s returned to 0, and +1 is
added to the value of the line-counter 23.

[0230] When the value of the line-counter 23 is 2n+1, and
when this value is (2-N,+1), the comparator 24 outputs the
SEL signal so that display data from the memory 26 are
selected as DATA. In response to the SEL signal, the selector
27 becomes a state of sclecting the display data from the
memory 26. Then, the comparator 24 outputs successively
the CP signals so that the display data are inputted to inner
registers of the column driver 13.

[0231] The reference counter 22 counts up until the
counted value is coincident with N5;. When the counted
value is coincident with Nj, the counted value of the
reference counter 22 is returned to 0, and +1 is added to the
value of the line-counter 23. In this example, the value of the
line-counter 23 is 6. The comparator 24 makes the LP signal
a high level for one clock period so that the values of inner
registers of the column driver 13 are reflected to outputs
from the column driver 13. Further, it makes the FR signal
a high level for a predetermined period so as to include
pulses of the LP signal, and instructs to the row driver 12 to
scan from the first row.

[0232] When the value of the line-counter exceeds (2-N,+
1), the comparator 24 fixes the /DOFF1 signal and the
/DOFF2 signal to a high level. Accordingly, voltages nec-
essary for effecting the a-line-at-a-time driving are outputted
as outputs of the column driver 12 and the row driver 13. In
FIG. 10, such period is shown as the addressing portion.

[0233] When the counted value of the reference counter 22
is smaller than (N4/2) in the addressing portion, the com-
parator 24 makes the M signal a low level, and when it is
(N5/2) or more, the comparator makes the M signal a high
level, whereby the voltage to be applied to liquid crystal in
the a-line-at-a-time driving is rendered to be alternated.
Further, display data of the memory 26 are outputted as
DATA for the next row to be selected. DATA are received by
inner registers of the column driver 13 according to the CP
signal.
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[0234] The reference counter 22 counts up until the
counted value is coincident with N5. When the counted
value is coincident with Ny, the counted value of the
reference counter 22 is returned to 0, and +1 is added to the
value of the line-counter 23. The comparator 24 outputs in
a pulse-like form the LP signal each time when +1 is added
to the value of the line-counter 23, and 1t instructs to the row
driver 12 to scan the next row, and at the same time, it
instructs to the column driver 13 to output the next display
data.

[0235] When the value of the line-counter 23 becomes
(2N, +1+ the number of rows for display), the comparator
24 makes the CP signal and the LP signal a low level;
instructs to the selector 26 to output data of “1” according to
the SEL signal, and fixes the M signal to a high level. Then,
when the counted value of the reference counter 22 is
coincident with Ny, it makes the CLR signal to be a high
level for one clock period and makes the values of the
reference counter 22 and the line-counter 23 to be 0. Further,
it makes the /DOFF1 signal and the /DOFF2 signal a low
level whereby the voltage to be applied to liquid crystal
becomes 0V, and negates the START flag to return to the
initial stage.

[0236] As described above, in Example B-1, the first stage
to the third stage, i.c., the reset portion, the non-voltage
application portion and the focalconic accelerating portion
(a state of accelerating a change to a FC state) are produced
by utilizing the M signal and the /DOFF signals. Accord-
ingly, the IAPT driving driver can be applied to the present
invention.

[0237] Then, the non-voltage application portion and the
focalconic accelerating portion are repeated plural times (N,
times). Accordingly, CL-LCD 10 can be initialized in a
sufficient FC state in a shorter time in comparison with a
case that a FC state is realized by one pulse. In this example,
N,=2 is used. However, the initialization can be performed
with an optical value of N, in the structure shown in FIG.
20.

[0238] In the following, Embodiment B-2 of the present
invention will be described with reference to the timing
chart of FIG. 22. The structure of a controller 11 may be the
same as that shown in FIG. 20.

[0239] In Embodiment B-2, when the value of the line-
counter 23 becomes 1, the comparator 24 makes the /DOFF2
signal a high level. The comparator 24 outputs the SEL
signal so as to fix DATA to a low level. However, the
comparator 24 does not output the CP signal. Accordingly,
values of inner registers of the column driver 13 remain to
be a high level. The reference counter 22 counts up until the
counted value is coincident with N,. When the counted
value is coincident with N, the counted value is returned to
0. At this moment, +1 is added to the value of the line-
counter 23 whereby the value becomes 2.

[0240] In Example B-2, the comparator 24 makes the
/DOFF2 signal a high level when the value of the line-
counter 23 is 2n0+1(1=n=N,). In this case, since the M
signal is at a high level, and DATA latched by the column
driver 13 are all at a high level, potentials outputted from the
column driver 13 are all V5 according to the relation shown
in FIG. 11, and the voltage applied to liquid crystal is
V(VA4V,).
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[0241] The operations in the other stages are the same as
those of Embodiment A. In Example B-2, the same voltage
is applied to CL-LCD 10 1in the first stage and the third stage.
Namely, a voltage value applied to orient CL-LC in a HO
state and a voltage value applied to obtain a FC state could
be used in common.

EXAMPLE B-1

[0242] A liquid crystal panel was prepared in the same
manners in Example A-1. Then, a row electrode and a
column electrode in the liquid crystal panel were selected,
and a voltage of 40 V was applied for 20 ms to the crossing
point of these electrodes. When the crossing point was
observed from a side of the substrate on which the black
coating was not formed, after the application of the voltage,
a portion of the crossing point indicated a green reflection
color. Then, a voltage of 20 V was applied for 20 ms. After
the application of the voltage, the portion of the crossing
point was observed from a side of the substrate on which the
black coating was not formed. As a result, that portion
indicated substantially a black color.

[0243] 1In order to initialize the entire display surface of
the liquid crystal panel, a voltage of 45 V was applied to the
entire display surface for 5 ms. Subsequently, a non-voltage
application portion of 0.3 ms in which a voltage of 0 V was
applied to the liquid crystal panel, was provided. Then, a
voltage of 33 V as a voltage for obtaining a FC state, was
applied for 1 ms. The non-voltage application portion and
the voltage application period for obtaining a FC state were
repeated 5 times in total, and then, a-line-at-a-time driving
was carried out.

[0244] Periods for selecting row electrodes are determined
to be 0.1 ms respectively. In the non-voltage application
portion of 0.3 ms, the state of CL-LC is changed to a HG
state or a HG/PL-mixed state. Accordingly, the resetting
time can effectively be reduced.

[0245] By conducting a series of voltage treatments before
display data were written, a FC state could sufficiently be
written, and a display having a high contrast ratio could be
obtained. Namely, when a test pattern was displayed, a
display of high contrast ratio could be obtained without
resulting a residual image. A time for a series of display
writing operations was 17.5 ms.

Comparative Example B-1

[0246] In order to initialize the entire display surface, a
voltage of 45 V was applied to initialize the entirety of the
panel for 5 ms in the same manner as in Example B-1.
Subsequently, a non-voltage application portion of 0.3 ms in
which a voltage of 0 V was applied to the liquid crystal
panel, was provided. Then, a voltage of 23 V for obtaining
a FC state was applied for 10 ms. Then, a-line-at-a-time
driving was conducted. Periods for selecting row electrodes
were determined to be 0.1 ms respectively.

[0247] When a test pattern was displayed, a display having
a high contrast ratio could be obtained without resulting a
residual image. However, a time required for a series of
display writing operations was 21.3 ms, which was longer
than the case of Example B-1.

EXAMPLE B-2

[0248] 1In order to initialize the entire display surface, a
voltage of 45 V was applied to the entirety of the panel for
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5 ms in the same manner as the case of Example B-1.
Subsequently, a non-voltage application portion of 0.3 ms in
which a voltage of 0 V was applied to the liquid crystal
panel, was provided. Then, a voltage of 45 V as a voltage for
obtaining a FC state was applied for 0.3 ms. The non-voltage
application portion and the voltage application period for
obtaining a FC state were repeated 8 times in total, and then,
a-line-at-a-time driving was performed. Periods for selecting
row electrodes were determined to be 0.1 ms respectively.

[0249] When a test pattern was displayed, a display having
a high contrast ratio could be obtained without resulting a
residual image. A time required for a series of display
writing operations was 15.8 ms by which a required time
could further be improved. Further, in the steps for initial-
izing the entire display surface, conditions of voltage for
obtaining a homeotropic alignment, i.e. 45 V and 5 ms could
be used in common.

[0250] This means that the number of voltage levels of a
power source circuit can be reduced, and therefore, it is
advantageous in using the driving circuit practically. Fur-
ther, it is preferable that the number of times of repeating the
non-voltage application portion and the voltage application
period for obtaining a FC state is about 10 times or less.

Comparative Example B-2

[0251] In order to initialize the entire display surface, a
voltage of 45 V was applied to the entirety of the panel for
5 ms in the same manner as the case of Example B-2.
Subsequently, a non-voltage application portion of 0.3 ms in
which a voltage of 0 V was applied to the liquid crystal
panel, was provided. Then, a voltage of 45 V as a voltage for
obtaining a FC state was applied for 10 ms. Then, a-line-
at-a-time driving was conducted.

[0252] Periods for selecting row electrodes were deter-
mined to be 0.1 ms respectively. When a test pattern was
display, a display having a high contrast ratio could be
obtained without resulting a residual image. However, a time
required for a series of display writing operations was 21.3
ms which was longer than the case of Example B-2.

EXAMPLE B-3

[0253] In the driving conditions in Example B-1, when
image data are written according to a-ling-at-a-time driving,
a time of applying voltages to column electrodes in a
selection period is divided uniformly into 10 portions, and
voltages corresponding to ON and OFF corresponding to
gradation data are applied to the column electrodes in each
divided period. When a test pattern was displayed by such
voltage application method, a uniform gradation display
corresponding to the display data could be obtained.

Comparative Example B-3

[0254] In the driving conditions of Example B-1, the
voltages applied to the column electrodes are determined as
V., in ON and -V, in OFF, and voltage values of n-V (-
1<n<1) were applied to the column electrodes according to
gradation data. A display of 10 gradations was performed by
changing the voltage values. Various test patterns were
displayed. As aresult, displays having irregularity in parallel
to the column electrodes were produced, i.e., there were
ununiform gradation displays.
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[0255] Further, in performing a display of gray scale
display, a good gradation display can be obtained by using
a pulse width modulation. However, it is impossible to
obtain a good gradation display when an amplitude modu-
lation is used.

[0256] In the following, explanation will be made as to
Embodiment C of the present invention which allows the
driving in a broader temperature range. FIG. 23 is a block
diagram showing an embodiment of the driving apparatus.
An FR signal, an LP signal, an M signal and a /DOFF signal
are inputted to the row driver 12 as controlling signals from
the controller 11. The controller 11 supplies an LP signal, a
CP signal, an M signal, a /DOFF2 signal and display data
(DATA) to a column driver 13. The /DOFF1 signal is a
/DOFF signal produced by the controller 11 and supplied to
the column driver 13, and the /DOFF2 is a /DOFF signal
produced by the controller 11 and supplied to the row driver
12. The row driver 12 and the column driver 13 receive
necessary voltages from a power source device 14.

[0257] When the FR signal becomes a high level, the row
driver 12 selects a first row. The LP signal is a signal to shift
a sclected row by one. The M signal is a signal for being
alternated. The CP signal is used as a clock signal to transfer
display data from the controller 11 to the column driver 13.
When the /DOFF signal becomes a low level, the row driver
12 and the column driver 13 make voltage levels to be
applied to the liquid crystal panel 10 to be predetermined
levels (level V,, at an erasing time) respectively. When the
/DOFF signal is at a high level, a writing state is generally
provided.

[0258] A START signal is to instruct the timing of rewrit-
ing data. The START signal may be a signal which becomes
effective for each predetermined period by a timer or a
display rewriting instruction signal given by MPU as a
image data generating source or an external switch. FIG. 23
shows an example that the signal is outputted from MPU 20.

[0259] Further, a temperature sensor 81 is disposed in the
vicinity of the liquid crystal panel 10, and an output detected
by the temperature sensor 81 is inputted to a temperature
compensation circuit 40. The temperature compensation
circuit 40 supplies to the controller 11 an application time
instruction signal according to an output detected by the
temperature Sensor.

[0260] FIG. 24 is a block diagram showing a structural
example of the controller 11. An oscillator 21 generates a
clock signal (CLK) having a predetermined frequency. A
reference counter 22 receives CLK to count. When the
counted value of the reference counter 22 reaches a prede-
termined value, a line-counter 23 adds +1 to its value. A
comparator 24 receives a counted value (DOT) of the
reference counter 22, a counted value (LINE) of the line-
counter 23 and a sct value (N;-N,) of a set register 25 to
produce the CP signal, the M signal, the LP signal, the
/DOFF1 signal, the /DOFF2 signal and the SEL signal. The
SEL signal is outputted to a selector 27.

[0261] A memory 26 stores display data from MPU 20.
The selector 27 selects any one of data in the memory 26, a
“1” fixing signal and a “0” fixing signal in response to the
SEL signal, and outputs to CL-LCD 10 the sclected data as
a DATA signal.

[0262] An application time instruction signal (a set value)
for determining a voltage application time is supplied from
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the temperature compensation circuit 40 to the set register
25.In this embodiment, the set value is a value converted by
a clock number produced from the oscillator 21. Here, a high
voltage application time (a period of the first stage) for
obtaining a homeotropic alignment is represented by Ny, a
time of the non-voltage application portion (a period of the
seconds state) is represented by N,; a voltage application
time (a period of the third stage) for changing the state to a
FC state is represented by N,, and one selection time in the
a-line-at-a-time driving is represented by N,,.

[0263] When the rewriting of data is required, an instruc-
tion for rewriting the display is generated from MPU to the
set register 25. When the instruction for rewriting the display
is set in the set register 25, a START signal is outputted to
the comparator 24.

[0264] FIG. 25 is a block diagram showing a structural
example of the temperature compensation circuit 40. An
output detected by the temperature sensor 81 is converted
into a digital signal in an A-D converter 41, and the
converted signal is supplied to an address converter 42. A
register 55 stores temperature coefficients relating to a
period of the first stage and a period of the third stage
corresponding to each temperature. Further, a register 56
stores temperature cocfficients relating to a period of the
second stage corresponding to each temperature. Further, a
register 57 stores temperature coefficients relating to a
period of the addressing portion corresponding to each
temperature. A region which stores each temperature coef-
ficient has an address corresponding to a detected tempera-
ture.

[0265] For example, when a temperature detected is 750°
C. which exceeds 65° C., the address converter 42 outputs
addresses in which temperature coefficients n,;, n, and m
corresponding to 70° C. in the registers 55, 56 and 57 are
stored. In FIG. 25, the temperature coefficients n;, n, and m
corresponding to 70° C. are indicated as n,(70), n,(70) and
m(70).

[0266] Here,n,Zn, and n,Zm. In cach of the registers 55,
56 and 57, lower temperatures have larger values. In this
embodiment, the temperature coefficient corresponds to the
highest temperature is “1”, and accordingly, each value
stored in the registers 55, 56 and 57 has a value exceeding
L

[0267] A register 51 stores data (T10r) indicating the
length of the first stage at a predetermined temperature (70°
C. in this Example) . A register 52 stores data (T11r)
indicating the length of the second stage at a predetermined
temperature (70° C. in this Example). Further, a register 53
stores data (T12r) indicating the length of the third stage at
a predetermined temperature (70° C. in this Example).
Further, a register 54 stores data (T2r) indicating the length
of the addressing portion at a predetermined temperature
(70° C. in this Example). The data indicating the length of
the addressing portion may be data indicating the length of
the entire one display sequence or data indicating one
selection period.

[0268] A multiplier 61 produces an application time
instruction signal by the multiplication of an output of the
register 55 and an output of the register 51. Namely, an
application time instruction signal is produced by operating
nl-T10r. This application time instruction signal corre-
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sponds to N, (the first stage: the length of the reset portion)
used by the comparator 24 shown in FIG. 24. A multiplier
62 produces an application time instruction signal by the
multiplication of an output of the register 55 and an output
of the register 53.

[0269] Namely, an application time instruction signal is
produced by operating nl-T1lr. This application time
instruction signal corresponds to N, (the third stage: the
length of the focalconic portion) used by the comparator 24
shown in FIG. 24.

[0270] Further, a multiplier 63 produces an application
time instruction signal by the multiplication of an output of
the register 56 and an output of the register 52. Namely, an
application time instruction signal is produced by operating
nl-T1lr. This application time instruction signal corre-
sponds to N, (the second stage: the length of the non-voltage
application portion) used by the comparator 24 shown in
FIG. 24.

[0271] Further, a multiplier 64 produces an application
time instruction signal by the multiplication of an output of
the register 57 and an output of the register 54. Namely, an
application time instruction signal is produced by operating
m-T2r. This application time instruction signal corresponds
to N, as the length of a period of the addressing portion. In
this Example, N, is a value indicating one selection period.

[0272] 1In the following, operations will be described with
reference to the timing chart of FIG. 26. Here, a voltage
applied to liquid crystal which is required to obtain a
homeotropic alignment in CL-LC and an ON voltage in
a-line-at-a-time driving are V. +V_, and a voltage applied to
liquid crystal which is required to change CL-LC into a
FC/PL-mixed state and an OFF voltage in the a-line-at-a-
time driving are V, -V_, respectively.

[0273] The controller 11 keeps the liquid crystal display
device to an initial state until MPU 20 instructs to initiate a
display. Namely, it is kept that CP signal: low level, LP
signal: low level, M signal: high level, DATA: high level,
/DOFF1 signal and /DOFF2 signal: low level. Since both the
/DOFF1 signal and the /DOFF2 signal are at a low level, all
row electrodes and column electrodes are in a non-voltage
application state, i.e., a state of potential V. Further, the
reference counter 22 and the line-counter 23 maintain 0.

[0274] When an instruction of starting a display is gener-
ated from MPU 20, a START flag is set in the set register 25,
and a START signal becomes a high level. When the START
signal becomes a high level, the comparator 24 makes the
reference counter 22 active. The reference counter 22
increases the counted value by 1 in response to the clock
signal (CLK) from the oscillator 21.

[0275] When the value of the line-counter 23 is 0, the
reference counter 22 counts up until the value is coincident
with N,,. The comparator 24 makes the CP signal a high level
when the counted value of the reference counter 22 is an
even number, and makes it low level in a case of an odd
number, so that CP signals according to the number of pulses
which meets the number of dots of the display element are
generated. In these operations, DATA is at a high level, and
accordingly, the values of inner registers of the column
driver 13 are all at a high level.

[0276] When the counted value of the reference counter 22
is coincident with N, the comparator 24 makes the CNT
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signal a high level for 1 clock period. In response to the CNT
signal, the reference counter 22 returns the value to 0, and
the line-counter 23 adds +1 to its value. Further, at this
moment, the LP signal is made to be a high level for 1 clock
period. Accordingly, the values of inner registers of the
column driver 13 are reflected to outputs of the column
driver 13.

[0277] When the value of the line-counter 23 becomes 1,
the comparator 24 makes the /DOFF2 signal a high level. All
voltage levels of the column electrodes become Vi(V +V,)
according to the relation shown in FIG. 11 in the same
manner as Embodiment A. Further, since all voltage levels
of the row electrodes are V,,, the voltage applied to liquid
crystal becomes (V,+V) to all pixels. Namely, a voltage
required for a homeotropic alignment of the liquid crystal is
applied to the entire display surface.

[0278] Further, the comparator 24 outputs the SEL signal
so as to fix DATA to a low level. The selector 27 selects “0”
in response to the SEL signal. Then, the comparator 24
outputs sequentially the CP signal so that all the values of
inner registers of the column driver 13 are at a low level. The
reference counter 22 counts up until the counted value is
coincident with N;. When the counted value is coincident
with N, the counted value is returned to 0. At this moment,
+1 is added to the value of the line-counter 23 so that the
value becomes “2”.

[0279] When the value of the line-counter 23 becomes
“2”, the comparator 24 makes the /DOFF2 signal a low level
so that outputted potentials of the column driver 13 are made
all V,. Therefore, the voltage applied to liquid crystal
becomes 0 V. Then, the reference counter 22 counts up until
the counted value is coincident with N.,.

[0280] When the counted value is coincident with N, it
returns the counted value of the reference counter 22 to 0,
and +1 is added to the value of the line-counter 23. When the
value of the line-counter 23 is changed from 2 to 3, the
comparator 24 makes the LP signal a high level for 1 clock
period. As a result, the values of inner registers of the
column driver 13 are reflected to outputs of the column
driver 13.

[0281] When the value of the line-counter 23 is “3”, the
comparator 24 makes the /DOFF2 signal a high level. At this
moment, since the M signal is at a high level, and DATA
latched by the column driver 13 is at a low level, the voltage
applied to all the column electrodes becomes V, according
to the relation shown in FIG. 11, and the voltage applied to
liquid crystal becomes V4(V,=V,) to all the pixels. Accord-
ingly, the voltage applied to liquid crystal required for
obtaining a FC state is applied to the entire display. Then, the
reference counter 22 counts up until the counted value is
coincident with N;. When the counted value is coincident
with N5, the counted value of the reference counter 22 is
returned to 0, and +1 is added to the value of the line-counter
23.

[0282] When the value of the line-counter 23 is “3”, the
comparator 24 outputs the SEL signal so as to select display
data from the memory 26 as DATA. The selector 27 becomes
a state of selecting display data from the memory 26 in
response to such SEL signal. Then, the comparator 24
outputs sequentially the CP signal to put display data into
inner registers of the column driver 13.
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[0283] When the value of the line-counter 23 becomes 4,
the comparator 24 makes the LP signal a high level for 1
clock period so that the values of inner register of the
column driver 13 are reflected to outputs of the column
driver 13. Further, it makes the FR signal a high level for a
predetermined period so as to include the pulse of the LP
signal, and instructs the row driver 12 to effect scanning
from a first row.

[0284] Further, the comparator 24 fixes the /DOFF1 signal
to a high level. Accordingly, a voltage required for the
a-line-at-a-time driving is outputted as outputs of the column
driver 13 and the row driver 12. In FIG. 26, this period is
shown as the addressing portion.

[0285] The comparator 24 makes the M signal a low level
when the counted value of the reference counter 22 is
smaller than (N,,/2) in the addressing portion, and makes the
M signal a high level when the counted value is (N,/2) or
more, whereby the voltage applied to liquid crystal in the
a-line-at-a-time driving is rendered to be alternated. Further,
it outputs display data of the memory 26 as DATA for the
next row to be selected. DATA is received by the inner
registers of the column driver 13 according to the CP signal.
The reference counter 22 counts up until the counted value
is coincident with N,. When the counted value is coincident
with N,, the counted value of the reference counter 22 is
returned to 0, and +1 is added to the value of the line-counter
23. The comparator 24 generates the LP signal as a pulse-
like output for each time when +1 is added to the value of
the line-counter 23, whereby the scanning of the next row is
instructed to the row driver 12 and the output of the next
display data is instructed to the column driver 13.

[0286] When the value of the line-counter 23 becomes
(3+the number of rows to be displayed), the comparator 24
makes the CP signal and the LP signal a low level; instructs
to the selector 26 through the SEL signal to output DATA of
“1”, and fixes the M signal to a high level. Then, when the
counted value of the reference counter 22 is coincident with
N,, it makes the CLR signal a high level for 1 clock period,
and makes the reference counter 22 and the line-counter 23
clear to be 0. Further, the /DOFF1 signal and the /DOFE2
signal are turned to a low level to make the voltage applied
to liquid crystal to be 0 V, and the START flag is negated to
return the nitial state. In Embodiment C, the number of rows
to be displayed is 60.

[0287] As described above, in Embodiment C, the first
stage to the third stage, i.¢., the reset portion, the non-voltage
application portion and the focalconic portion are produced
by utilizing the M signal and the /DOFF signals which can
be handled by the conventional liquid crystal driving appa-
ratus. Accordingly, the IAPT driving driver can be applied to
the present invention.

[0288] Further, since the temperature compensation circuit
40 determines a voltage application time depending on a
temperature detected by the temperature sensor 81, and the
resetting of the liquid crystal panel 10 and the writing of
image data are performed according to the determined
voltage application time, an excellent quality of display can
be maintained even at a low temperature.

[0289] Further, it is necessary that the second stage (the
non-voltage application portion) has a larger rate of increas-
ing the voltage application time depending on a reduction of
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temperature in comparison with the first or the third stage.
However, the lengths of the first stage to the third stage can
be controlled to appropriate length depending on tempera-
ture by providing separately the register 55 relating to the
first stage and the third stage and the register 56 relating to
the second stage as shown in FIG. 25.

EXAMPLE C-1

[0290] In order to initialize the entire display surface of
the liquid crystal panel 10 at a room temperature of 25° C.,
a voltage of 40 V was applied to the entirety of the panel for
13.2 ms at the time of starting a display sequence. Subse-
quently, a non-voltage application time of 1 ms in which the
voltage to be applied to the liquid crystal panel 10 was 0 V
was provided. Then, a voltage of 23 V was applied to all
pixels for 3.3 ms as conditions of voltage to obtain a FC
state. Then, a a-line-at-a-time driving was carried out. The
driving waveform as shown in FIG. 9(B) was used.

[0291] In aseries of voltage treatments before the writing
of display data, it was confirmed that the liquid crystal panel
10 became a FC state in which a slight residual reflection
remained. Subsequently, the a-line-at-a-time driving was
performed to write a display, and a test pattern was displayed
under the above-mentioned conditions. As a result, a display
having a high contrast ratio could be obtained without
resulting a residual image.

[0292] Further, the room temperature was set to 0° C., and
the voltage application times were respectively increased to
4 times. When a test pattern was display in such case, a
display having a high contrast ratio could be obtained
without resulting a residual image.

Comparative Example C-1

[0293] The liquid crystal panel 10 was driven at a room
temperature of 0° C. under the same voltage application
conditions (40 V, 13.2 ms, 0 V, 1 ms, 23 V and 3.3 ms) as
in Example C-1. In displaying a test pattern, residual images
generated. Namely, there are many residual images and a
good display can not be obtained at 0° C. under the same
driving conditions as in Example C-1. Further, when each of
the applicable voltage values was increased under conditions
that each of the voltage application times was the same as in
the case of Example 1, a desired display could be obtained
although the contrast ratio was low.

EXAMPLE C-2

[0294] Some of the voltage application conditions (40 V,
13.2 ms, 0V, 1 ms, 23 V and 3.3 ms) in Example C-1 were
changed, and the room temperature was 25° C. Namely, the
voltage application time was made double in the first stage,
the third stage and the period of a-line-at-a-time driving; the
voltage application time in the second stage was made 4
times, and the voltage values in the respective periods were
made higher than the case of Example C-1. In displaying a
test pattern, there was no residual image, and a display of
high contrast ratio could be obtained. Further, the time of
writing display data could be shortened in comparison with
the voltage application conditions in the case of 0° C. in
Example C-1.

Comparative Example C-2

[0295] Some of the voltage application conditions (40 V,
132 ms, 0V, 1 ms, 23 V and 3.3 ms) in Example C-1 were
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changed at a room temperature of 0° C. Namely, each of the
voltage application times was made double. In displaying a
test pattern, a display having a low contrast was produced
although there was no residual image.

[0296] As described above, in the first stage, the state of
the CL-LC alignment is changed to a HO state in order to
erase the state of display previously written. Further, in the
second stage, the state of the CL-LC alignment is changed
from the HO state to a HG state or a HG/PL-mixed state.
Further, in the third stage, the change is made from the HG
state or the HG/PL-mixed state to a FC state or a FC/PL-
mixed state. Then, in a period of a-line-at-a-time driving, a
desired display state is written in the FC state or the
FC/PL-mixed state.

[0297] In Example C-1, it is understood that when the
temperature of CL-LC decreases, the voltage application
time in each step should be extended. For example, when the
temperature decreases from 25° C. to 0° C., the voltage
application times should be several times, whereby a good
quality of display can be maintained.

[0298] However, the voltage application times required to
cause a change of the state of the alignment differ among the
stages. It is understood from Example C-2 and Comparative
Example C-2 that in the second stage in which the state of
CL-LC is changed from the HO state to the HG state or the
HG/PL-mixed state, the rate of increasing the voltage appli-
cation time in response to a reduction of temperature should
be increased in comparison with that of the other stages.

[0299] If the HO state in the second stage can not suffi-
ciently be changed to the HG state or the HG/PL-mixed
state, it is impossible to obtain a desired FC state or
FC/PL-mixed state in the third stage, with the result that the
reflectance in an OFF time which should be in a FC state
increases in the a-line-at-a-time driving, and the contrast
ratio is reduced.

EXAMPLE C-3

[0300] The liquid crystal panel 10 was driven at a room
temperature of 50° C. by using the voltage application
conditions (40 V, 13.2 ms, 0 V, 1 ms, 23 V and 3.3 ms) in
Example C-1 provided that applicable voltages in the
respective periods were set to be slightly lower. When a test
pattern was displayed, there was no residual image, and a
display of high contrast ratio could be obtained.

EXAMPLE C-4

[0301] The liquid crystal panel 10 was driven at a room
temperature of 50° C. by using the voltage application
conditions (40 V, 13.2 ms, 0 V, 1 ms, 23 V and 3.3 ms) in
Example C-1 provided that the respective voltage applica-
tion periods were set to %. Further, the applicable voltages
in the respective periods were set to be slightly lower than
the case of Example C-1. When a test pattern was displayed,
a display having a contrast ratio free from residual images
could be obtained.

[0302] From the above-mentioned, it is understood that
when voltage application conditions at 25° C. are taken as
reference values, the voltage application times should be
double at 0° C., and the voltage application times should be
14 at 50° C., whereby a good display can be obtained even
when the temperature is higher or lower than 25° C.



US 2002/0036614 Al

[0303] The magnification of increasing or decreasing the
periods depending on a temperature change in the period of
the first stage and the period of the third stage in a series of
voltage treatments (the resetting of display) before writing
display data, is the same as the magnification of increasing
or decreasing the period of writing display data. However,
with respect to the second period, it is preferable that the
magnification of the voltage application period (the voltage
application period of 0 V) is larger than the magnification of
these periods when temperature is lower.

[0304] 1In a specific way of determining the temperature,
when the magnification n(t,) (t,=temperature) and K, which
is a constant in a range of 5 to 50 were determined so as to
satisfy the following formula 3 in all the periods excluding
the period of the second stage in the resetting of a display
(the periods of the resetting a display and the writing of a
display), a display having a high contrast ratio could be
obtained. In the following formula 3, a right side of “A”
indicates an index:

n(t)=n(25)x2A((25-t,)/K ) @)
[0305] Further, when the predetermined temperature is
25° C., and the length of a period in which a voltage is
applied to each pixel at an optional temperature t,, under
conditions of voltage corresponding to display data (the
addressing period) is represented by Ty(t,), it is preferable

that the length satisfies the relation of the following formula
4

T(t,)=T,(25)x2A{(25-1,)/B) o

[0306] Kj is a constant determined according to CL-LC
used, which is preferably determined in a range of from 5 to
50. K, and Ky preferably have a value of about 25.

[0307] Further, the second stage is in a state of an appli-
cable voltage of 0 V. Accordingly, when the period of the
second stage is previously determined to be a longer period
at a predetermined temperature, the periods of all of the
stages can be determined uniformly based on temperatures.
Further, a high-speed display could be obtained at each
temperature without adjusting the amplitude of the voltage.

[0308] Embodiment D of the present invention in which
CL-LCD is reset in a HG state or a PL state, will be
described. FIG. 27 shows a timing chart of a driving
waveform; FIG. 28 shows a block diagram of a signal
conversion circuit in the driving circuit, and FIG. 29 shows
a timing chart in the operation of the signal conversion
circuit. The structure of the circuit and the operation are
common in many points to Embodiments A, B and C of the
present invention. Voltage pulses required in this embodi-
ment can be obtained by modifying the structure of the
circuit shown in FIG. 16 and the operational timing in FIG.
17.

EXAMPLE D-1

[0309] A display was carried out in the liquid crystal panel
of Example A-1 by using the driving waveform shown in
FIG. 27. A voltage of 40 V was applied to the entirety of the
liquid crystal panel for 13.3 ms. Subsequently, a non-voltage
application time of 1 ms was provided. Then, a-line-at-a-
time driving was performed. In an ON display (a PL state)
in a selection time, a voltage of V +V_ was applied, and in
an OFF display (a FC state) in a selection time, a voltage of
V,-V_ was applied wherein V=35 V and V=5 V. The
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selection time to row electrodes was 3.3 ms. A test pattern
was displayed. As a result, a display having a high contrast
ratio free from residual image could be obtained.

EXAMPLE E

[0310] By using the above-mentioned Embodiments A, B
and C of the present invention, liquid crystal panels usable
for an electronic book, a pager or a mobile type display
device as a kind of portable display device, were prepared.

[0311] A clear display of highly precise full-dot matrix
with row electrodes and column electrodes could be carried
out. FIG. 30 shows an example of the display. Characters
could sufficiently be read even though they are thin. Further,
the viewing angle was wide; the rewriting of a display on the
display surface could be performed without giving a strange
feeling, and a display of quality being easy to look could be
achieved.

[0312] The liquid crystal panels were applicable to a
public information display apparatus and an electrophoto-
graphic display apparatus using a relatively large display
surface.

[0313] According to Embodiment A of the present inven-
tion, there are such effects that a cholesteric liquid crystal
can certainly be aligned in a FC state or a semi-FC state
before writing display data: the production of a residual
image or reduction in the contrast ratio of display can be
prevented even when high-speed writing is conducted, and
the quality of a display can be increased even in a case that
a highly precise display is carried out.

[0314] Further, since the time for aligning the cholesteric
liquid crystal in a FC state can be shortened, the time
required for a sequence of renewing a series of picture
images can further be shortened.

[0315] Further, according to Embodiment B of the present
invention, CL-LC can certainly be aligned in a FC state or
a semi-FC state before performing the writing of display
data; the production of a residual image or reduction in the
contrast ratio can be prevented even when high-speed writ-
ing is carried out, and the quality of a display can be
increased even in a case that a highly precise display is
effected. Further, the time for aligning CL-LC in a FC state
can further be shortened, and the time required for a
sequence for renewing a series of picture images can further
be shortened.

[0316] Further, in Embodiment C of the present invention,
a good quality of display can be maintained even in circum-
stances of use at a low temperature, and the time of voltage
treatments in changing a display can be shortened in com-
parison with the conventional technique.

[0317] Further, in Embodiment D of the present invention,
the production of a residual image or reduction in the
contrast ratio can be prevented even when high-speed writ-
ing is carried out.

What is claimed as new and is desired to be secured by

Letters Patent of the United States is:

1. In a driving method for driving a liquid crystal display
device with a cholesteric liquid crystal having a memory
mode of operation, the driving method being characterized
by comprising a first stage of applying a voltage so that the
alignment of the cholesteric liquid crystal is in substantially
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parallel to a voltage application direction; a second stage of
applying a voltage to change the state of the cholesteric
liquid crystal to a homogeneous state or a homogeneous/
planar-mixed state, and a third stage of applying a voltage to
change the state of the cholesteric liquid crystal from the
homogeneous state or the homogeneous/planar-mixed state
to a focalconic state.

2. In a driving method for driving a liquid crystal display
device with a cholesteric liquid crystal having a memory
mode of operation, the driving method being characterized
by comprising a first stage of applying a voltage so that the
alignment of the cholesteric liquid crystal is in substantially
parallel to a voltage application direction; a second stage of
applying a voltage to change the state of the cholesteric
liquid crystal to a homogeneous state or a homogeneous/
planar-mixed state, and a third stage of applying a voltage to
change the state of the cholesteric liquid crystal from the
homogeneous state or the homogeneous/planar-mixed state
to a focalconic/planar-mixed state.

3. The driving method according to claim 1, wherein
0.8xt =T,=8xTyy is satisfied where 1 2 is a period of the
second stage and T is a time spent until the cholesteric
liquid crystal in a homeotropic state by the application of a
voltage indicates the lowest dielectric constant after the
application of the voltage is stopped.

4. The driving method according to claim 3, wherein
T ST, S5%Ty is satisfied.

5. The driving method according to claim 1, wherein the
voltage value applied in the second stage is 0 V.

6. The driving method according to claim 1, wherein a
voltage waveform applied in the first stage is constituted by
a pulse-like voltage having a voltage amplitude of V,; a
voltage waveform applied in the third stage is constituted by
a pulse-like voltage having a voltage amplitude of V, and
V, is larger than V; and T is smaller than t; where t; and
T, are respectively voltage application times in these stages.

7. The driving method according to claim 1, wherein
when a a-line-at-a-time operation is carried out to apply a
voltage waveform based on display data of each display
pixel after the first stage to the third stage, and conditions of
applying voltages are determined so as to write a planar state
in an ON display and to write a focalconic state in an OFF
state, a pulse width modulation system is used for a display
having a gray scale.

8. In a driving apparatus for driving a liquid crystal
display device with a cholesteric liquid crystal having a
memory mode of operation, the driving apparatus being
characterized by comprising a first period determining
means for determining a period of a first stage; a second
period determining means for determining a second period
in succession to the first stage; a third period determining
means for determining a third period in succession to the
second stage, and a voltage application means wherein a
voltage is applied to the cholesteric liquid crystal so that its
alignment is in substantially parallel to a voltage application
direction in the first period produced by the first period
determining means; a voltage is applied to the cholesteric
liquid crystal to change the state of the liquid crystal to a
homogeneous state or a homogenous/planar-mixed state in
the second period produced by the second period determin-
ing means, and a voltage is applied to the cholesteric liquid
crystal to change the state from the homogeneous state or the
homogenous/planar-mixed state to a focalconic state or a
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planar/focalconic-mixed state in the third period produced
by the third period determining means.

9. In a driving method for driving a liquid crystal display
device with a cholesteric liquid crystal having a memory
mode of operation, the driving method being characterized
by comprising a first stage of applying a voltage so that the
alignment of the cholesteric liquid crystal is in substantially
parallel to a voltage application direction before a voltage is
applied to each pixel based on conditions of voltage corre-
sponding to display data; a second stage of applying a
voltage to change the state of the cholesteric liquid crystal to
a homogeneous state or a homogeneous/planar-mixed state,
and a third stage of applying a voltage to accelerate the
change of the cholesteric liquid crystal from the homoge-
neous state or the homogeneous/planar-mixed state to a
focalconic state or a focalconic/planar-mixed state, wherein
the second stage and the third stage are repeated after the
first stage.

10. The driving method according to claim 9, wherein the
voltage value applied in the second stage is 0 V.

11. The driving method according to claim 10, wherein
the number of times of repeating the second stage and third
stage is 2 to 10.

12. The driving method according to claim 9, wherein a
voltage waveform applied in the first stage is constituted by
a pulse-like voltage having a voltage amplitude of V; a
voltage waveform applied in the third stage 1s constituted by
a pulse-like voltage having a voltage amplitude of V;, and
V, is larger than V5 and T is smaller than t; where 7; and
T, are respectively voltage application times in these stages.

13. The driving method for a display device with a
cholesteric liquid crystal according to any one of claims 1 to
11, wherein a voltage waveform applied in the first stage is
constituted by a pulse-like voltage having a voltage ampli-
tude of V;; a voltage waveform applied in the third stage is
constituted by a pulse-like voltage having a voltage ampli-
tude of V, and V, is equal to V; and T, is smaller than T,
where T, and T are respectively voltage application times in
these stages.

14. The driving method according to claim 9, wherein
when a a-line-at-a-time operation is carried out to apply a
voltage waveform based on display data of each display
pixel after the completion of the first stage to the third stage,
and conditions of applying voltages are determined so as to
write a planar state in an ON display and to write a
focalconic state in an OFF state, a pulse width modulation
system is used for a display having a gray scale.

15. In a driving apparatus for driving a liquid crystal
display device with a cholesteric liquid crystal having a
memory mode of operation, the driving apparatus being
characterized by comprising a first period determining
means for determining a period of a first stage; a second
period determining means for determining a second period
in succession to the first stage; a third period determining
means for determining a third period in succession to the
second stage; a voltage application means wherein a voltage
is applied to the cholesteric liquid crystal so that its align-
ment is in substantially parallel to a voltage application
direction in the first period produced by the first period
determining means; a voltage is applied to the cholesteric
liquid crystal to change the state of the liquid crystal to a
homogeneous state or a homogenous/planar-mixed state in-
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the second period produced by the second period determin-
ing means, and a voltage is applied to the cholesteric liquid
crystal to accelerate a change of the state from the homo-
geneous state or the homogenous/planar-mixed state to a
focalconic state or an intermediate state between planar and
focalconic states in the third period produced by the third
period determining means, and a frequency controlling
means for operating repeatedly the second period determin-
ing means and the third period determining means after the
operation of the first period determining means.

16. In a driving method for driving a liquid crystal display
device with a cholesteric liquid crystal having a memory
mode of operation, the driving method being characterized
in that a display state is initialized by applying a predeter-
mined voltage to each pixel and a voltage is applied to each
pixel based on conditions of voltage corresponding to dis-
play data, wherein when the temperature of the cholesteric
liquid crystal is lower than a predetermined temperature, a
voltage application time is extended from the voltage appli-
cation time corresponding to the predetermined temperature,
and when the temperature of the cholesteric liquid crystal is
higher than the predetermined temperature, a voltage appli-
cation time is shortened from the voltage application time
corresponding to the predetermined temperature.

17. The driving method according to claim 16, wherein in
driving according to a passive addressing system, when a
period for initializing is represented by T, and a period for
applying a voltage to each pixel based on conditions of
voltage corresponding to display date is represented by T,
lengths of T, and T, are extended from the lengths of T, and
T, determined with respect to the predetermined tempera-
ture when the temperature of the cholesteric liquid crystal is
lower than the predetermined temperature.

18. The driving method according to claim 17, wherein
the period T, for initializing includes a first stage of applying
a voltage so that the alignment of the cholesteric liquid
crystal is in substantially parallel to a voltage application
direction; a second stage of applying a voltage to change the
state of the cholesteric liquid crystal to a homogeneous state
or a homogeneous/planar-mixed state, and a third stage of
applying a voltage to change the state of the cholesteric
liquid crystal from the homogeneous state or the homoge-
neous/planar-mixed state to a focalconic state or a focal-
conic/planar-mixed state, wherein when periods of the first
stage, the second stage and the third stage are respectively
represented by T,o, Ty; and T;,, and when the temperature
of the cholesteric liquid crystal is lower than a predeter-
mined temperature, the lengths of T,y Ty; and Ty, are
extended from the lengths of T,,, T;; and T,, determined
with respect to the predetermined temperature.

19. The driving method according to claim 18, wherein
when T, T,;, T;, and T, at a predetermined temperature
are represented by T, Ty, T, and T,,, and when the
temperature of CL-LC is lower than the predetermined
temperature, T, T,;, T12 and T, are made respectively to
be n,xT,g,, n,xT,;,, n;xT;,, and mxT, where n,Zn, and
n,2m.

20. The driving method according to claim 16, wherein
when the predetermined temperature is 25° C., a period for
applying a voltage to each pixel based on conditions of
voltage corresponding to display data at an optional tem-
perature 1 is T,(t,) and K, is a constant relying on 5 to 50
liquid crystal materials, the relation of the following For-
mula 3 is satisfied:
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Ty{1,)=T(25)x2A{(25-1,)/K 1) ©)

21. The driving method according to claim 16, wherein
when the predetermined temperature is 25° C., and K is a
constant relying on 5 to 50 liquid crystal materials, the
magnification n(t,) relating to T,q, Ty, T), and T, at an
optional temperature t_ satisfies the relation of the following

P
Formula 4 (A indicates an index):

1(t)=n(25)x2A((25~1)/K) @

22.In a driving method for driving a liquid crystal display
device with a cholesteric liquid crystal having a memory
mode of operation, the driving method being characterized
by comprising a first stage of applying a voltage so that the
alignment of the cholesteric liquid crystal is in substantially
parallel to a voltage application direction and a second stage
of applying a voltage to change the state of the cholesteric
liquid crystal to a homogenous state or a planar state.

23. The driving method according to claim 22, wherein
the voltage value applied in the second stage is 0 V.

24. The driving method according to claim 23, wherein
the period of the second stage is 0.3-100 ms.

25. In a driving apparatus for driving a liquid crystal
display device with a cholesteric liquid crystal having a
memory mode of operation, the driving apparatus being
characterized by comprising a first period determining cir-
cuit for determining a period of a first stage; a second period
determining circuit for determining a second period in
succession to the first stage, and a voltage application circuit
wherein a voltage is applied to the cholesteric liquid crystal
so that its alignment is in substantially parallel to a voltage
application direction in the first period produced by the first
period determining circuit, and a voltage is applied to the
cholesteric liquid crystal to change the state of the liquid
crystal to a homogeneous state or a planar state in the second
period produced by the second period determining circuit.

26. The driving apparatus according to claim 25, wherein
the liquid crystal display device is provided with row
electrodes and column electrodes; a passive addressing type
driving is conducted; the voltage application circuit com-
prises a row driver for driving the row electrodes and a
column driver for driving the column electrodes; and a
controlling circuit is provided wherein the controlling circuit
instructs to the row driver to apply a voltage of a non-display
state to all the row electrodes and instructs to the column
driver to apply a voltage of an ON display to all the column
electrodes in the first period.

27.1In a driving method for driving a liquid crystal display
device with a cholesteric liquid crystal having a memory
mode of operation, the driving method being characterized
in that when a time spent until the cholesteric liquid crystal
in a homeotropic state by the application of a voltage
indicates the lowest dielectric constant after the application
of the voltage 1s stopped, is represented by Ty, a voltage is
applied to the cholesteric liquid crystal so that the alignment
of the liquid crystal is in substantially parallel to a voltage
application direction; the state of the cholesteric liquid
crystal is changed by applying a voltage pulse of lower than
Ty, and a voltage pulse is applied to effect a display.
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