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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a liquid crystal
apparatus exhibiting spontaneous polarization and,
more particularly, to a liquid crystal apparatus using a
ferroelectric liquid crystal (FLC).

Related Background Art

[0002] A ferroelectric liquid crystal (FLC) as a liquid
crystal exhibiting the spontaneous polarization has re-
ceived a great deal of attention in favor of advantages
such as high-speed response and good memory char-
acteristics and has been actively developed to obtain a
light bulb and the like. Targets utilizing the above advan-
tages are an optical shutter array, a high-definition dis-
play unit by simple matrix driving, a light bulb for high-
density recording combined with a photoconductive
body. In addition, the ferroelectric liquid crystal is ex-
pected to display a motion picture by active matrix driv-
ing using thin film transistors (TFTs). These character-
istics are disclosed in U.S.P. No. 4,840,462, the Pro-
ceeding of the SID, Vol. 30/2, 1989 "Ferroelectric Liquid
Crystal Video Display", and the like.
[0003] European Patent application EP 294 852 A2
discloses a liquid crystal apparatus of the type defined
in the first part of claim 1. In the case of this prior art
device, bistability was evaluated by repeated applica-
tion of a single polarity of alternating polarity.
[0004] In driving a FLC, the following problems are
posed generally or found to be caused as a result of ex-
periments conducted by the present inventors.
[0005] One of the problems is a decrease in response
speed of the liquid crystal when a direct current (DC)
component is continuously applied to the FLC for a long
period of time due to the following reason. Localization
of internal ions in the liquid crystal is assumed to be in-
duced to form an electric field.
[0006] To solve this problem, the present applicant
made a proposal (Japanese Patent Application No.
2-69547) for canceling a DC component by an auxiliary
pulse. In addition, since an FLC has spontaneous po-
larization, an electric field is formed by internal ions lo-
calized in correspondence with this spontaneous polar-
ization, and a desired gradation image becomes unsta-
ble. It is found that hysteresis occurs in optical response
to an external voltage value (applied voltage value).
[0007] The phenomenon occurring upon application
of a reset pulse and a write pulse continuously to the
FLC at a drive frequency of about a television rate (60
Hz) will be described with reference to Figs. 20 to 22.
[0008] In consideration of the problems found in the
above experiments, in order to stably obtain a gradation
image (gradation display) at a television rate in the FLC

optical response, the present inventors have made fur-
ther extensive studies in detail.

SUMMARY OF THE INVENTION

[0009] It is an object of the present invention to pro-
vide a liquid crystal apparatus suitable for gradation dis-
play.
[0010] It is another object of the present invention to
provide a liquid crystal apparatus for realizing improved
gradation display by using both an active matrix drive
scheme using TFTs and a liquid crystal exhibiting spon-
taneous polarization, such as a ferroelectric liquid crys-
tal.
[0011] This object is solved, according to the inven-
tion, with the features of Claim 1.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

Figs. 1(a) to 1(e) are waveform charts of drive sig-
nals used in the present invention;
Fig. 2A is a sectional view of a cell used in the
present invention;
Fig. 2B is an equivalent circuit diagram of the cell;
Figs. 3 to 5C are diagrams showing polarization
states in the cell of the present invention;
Figs. 6A to 6C are waveform charts of drive signals
used in the present invention;
Fig. 7 is an equivalent circuit diagram showing a po-
larization state in the cell used in the present inven-
tion;
Fig. 8 is a waveform chart showing drive signals
used in the cell of the present invention;
Fig. 9 is an equivalent circuit diagram showing a po-
larization state in the cell used in the present inven-
tion;
Figs. 10 and 11 are views showing changes in re-
sponse time upon continuous application of a DC
component of about 0.3 V as VSX at a 44-Hz period;
Figs. 12 and 13 are waveform charts showing drive
signals used in the present invention;
Fig. 14 is a perspective view of the FLC;
Fig. 15 is a block diagram of an apparatus according
to the present invention;
Fig. 16(a) to 16(d) are waveform charts of drive sig-
nals used in the present invention;
Fig. 17 is a plan view of a panel;
Figs. 18A and 18B and Figs. 19A and 19B are views
showing polarization states of the cell of the present
invention;
Fig. 20 is a graph for explaining a V-T curve and
hysteresis instability obtained upon continuous volt-
age application at a 60-Hz period;
Fig. 21 is a graph for explaining instability exhibited
upon continuous voltage application at a 44-Hz pe-
riod;
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Fig. 22 is a graph for explaining a change in re-
sponse deterioration over time upon continuous ap-
plication of a 0.9 Va DC component at the 44-Hz
period; and
Fig. 23 is a sectional view of a cell of the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0013] A liquid crystal apparatus used in the present
invention is of an active matrix drive scheme, as shown
in Fig. 17. The liquid crystal apparatus comprises
switching elements (TFTs obtained by using thin film
semiconductors such as amorphous silicon and polysil-
icon) arranged along a plurality of rows (scanning lines)
and a plurality of columns (data lines), first wiring lines
(gate lines) commonly connecting the first terminals
(gates) of the switching elements in units of rows, sec-
ond wiring lines (source lines) connecting the second
terminals (sources) of the switching elements in units of
columns, a plurality of pixel electrodes (transparent
electrodes) connected in units of third terminals (drains)
of the switching elements, counter electrodes (transpar-
ent electrodes) arranged to oppose the pixel electrodes,
and a liquid crystal (chiral smectic C, H, I, G, F liquid
crystal exhibiting ferroelectric properties) exhibiting
spontaneous polarization and arranged between the
plurality of pixel electrodes and the counter electrodes.
[0014] The distance between each pixel electrode
and the corresponding counter electrode is set to be a
minimum distance (about 5 µm or less) capable of suf-
ficiently suppressing formation of a helical structure of
the chiral smectic liquid crystal. However, the formation
of the helical structure need not be suppressed in the
present invention.
[0015] Thermal control may be performed during driv-
ing of the liquid crystal to maintain the liquid crystal with-
in a desired temperature range.
[0016] As shown in Figs. 1(a) to 1(e), after a reset volt-
age signal VR and a recording voltage signal VW which
are applied to a pixel for a predetermined period of time
required to cause an optical change of the pixel, an aux-
iliary voltage signal VSX having a magnitude corre-
sponding to that of the recording voltage signal VW is
applied, thereby controlling an internal electric field to
be described below.
[0017] In order to describe the auxiliary voltage signal
in more detail, the internal electric field generated by ion-
ic localization caused by the DC component spontane-
ous polarization will be described below.
[0018] Figs. 2A and 2B show a pseudo equivalent cir-
cuit model of an FLC element. Fig. 3 shows an ionic lo-
calization diagram obtained when an external DC com-
ponent is applied for a long period of time. When a pos-
itive external DC component is applied, it is assumed
that ionic localization indicated by ⊕ and @occurs inside
the liquid crystal layer. At this time, if the upward direc-

tion (↑ ) of spontaneous polarization (PS) of the liquid
crystal indicates that the liquid crystal corresponds to a
black state, an electric field is generated so that the liq-
uid crystal molecules tend to be displayed in black by
this ionic localization.
[0019] Figs. 4A and 4B show ionic localization by
spontaneous polarization (PS) itself. When the direction
of the spontaneous polarization (PS) is kept in the
"black" (↑ Upward) state, the ionic localization in Fig.
4A is obtained. However, when the direction of the spon-
taneous polarization (PS) is kept in the "white" (↓
Downward) state, the ionic localization in Fig. 4B is ob-
tained. As a result, the ions generate an electric field.
When a new external voltage VW equal to the previous
voltage is applied, depending on whether the liquid crys-
tal state has been kept in the "black" or "white" state for
a long period of time, the degree of ease in change of
the ionic localization to the "white state" varies, thus
causing the hysteresis in the optical response. In addi-
tion, instability occurs when the same display state is
repeatedly refreshed.
[0020] The function of the present invention will be de-
scribed in more detail with reference to the waveforms
of the drive signals in Figs. 1(a) to 1(e).
[0021] Although the number of ions induced by spon-
taneous polarization is difficult to control, the DC com-
ponent can be controlled by an external voltage applied
to the liquid crystal. According to the present invention,
the auxiliary voltage VS serves as a DC component, and
the ionic localization is kept "constant" regardless of the
state of the spontaneous polarization PS. The term "con-
stant" indicates a total amount of ionic localization. The
"constant" value may be a predetermined value or zero.
However, the "constant" value need not always be zero.
[0022] A method of adjusting the ionic localization to
be "constant" will be described with reference to Figs.
5A to 5C. For a example, a total amount of ionic locali-
zation is apparently maintained to be an amount with
which the "black" state as shown in Fig. 4A is kept set.
[0023] The ionic localization sate of the "black" state
shown in Fig. 5A is taken as an initial state. In this case,
a drive signal having a waveform shown in Fig. 1(a) is
applied to the liquid crystal in advance. In order to dis-
play the "black" state from this state, a drive signal hav-
ing a waveform shown in Fig. 6A is applied to obtain the
"black" state. At this time, the superposition amount of
the DC component by the auxiliary voltage VSX may be
zero. In order to display a gradation state, as shown in
Fig. 5B, the ionic localization state to be obtained by this
display is as shown in Fig. 18A. In order to keep the total
ionic localization amount constant in the "black" display
state, an auxiliary voltage +VSX1 shown in Fig. 6A is ap-
plied to add the ionic localization of Fig. 18B. In order to
obtain a "white" state, as shown in Fig. 6C, an auxiliary
voltage +VSX2 (Fig. 6C) is applied to maintain the state
of Fig. 19A (i.e., the ionic localization state formed by
this display) to the total amount obtained in the case of
the "black" display.

δ+

δ-

+δ

-δ

+δ

-δ

3 4



EP 0 717 305 B1

4

5

10

15

20

25

30

35

40

45

50

55

[0024] The numerical control of the auxiliary voltages
VSX1 and VSX2 is appropriately performed in accordance
with the magnitude of the instantaneous polarization PS
and the ambient temperature. It is advantageous if the
magnitude of the spontaneous polarization PS is set not
so large (i.e., 10 nC/cm2 or less, and preferably 5 nC/
cm2 or less) in the liquid crystal used in the present in-
vention since then an excessive increase in the ampli-
tude of the auxiliary voltage signal VSX can be sup-
pressed. The numerical value for the amplitude of the
signal VSX1 preferably falls within the following range:

(where ∆a is the gradation at the end of application
of the voltage VW and satisfies condition 0 < ∆a < 1, and
Ci is the capacitance of the insulating layer)
[0025] The criterion for this numeric value will be de-
scribed below with reference to Fig. 7. Fig. 7 shows a
measurement of a divided voltage applied to a liquid
crystal layer when a terminal voltage of a liquid crystal
pixel is set at 0 V immediately after a gradation recording
voltage VW is applied. At this time, the liquid crystal mol-
ecules are partially returned to the "black" direction and
are set in the gradation state. If the ratio of the "white"
state is defined as ∆a, the divided voltage of the liquid
crystal layer is given as follows:

Since a voltage which causes movement of ions in this
gradation state is given by the above relation, if an ex-
ternal reverse voltage VSX of the voltage which causes
this movement of ions is applied and the divided voltage
of the liquid crystal VSX by the voltage VSX is set
to equal to , movement of ions is assumed not
to occur. Therefore, the following equation is estab-
lished:

and the solution can be obtained as follows:

[0026] For example, if PS and Ci are 5 nC/cm2 and 20
nF/cm2, respectively, the voltage VSX = about 0.5 V can
be obtained even in the full "white" state.
[0027] When the voltage VSX is applied within the
range of 0 V to 0.5 V with the waveform shown in Fig. 8

VSX to
2PS∆a

Ci
------------------

-2PS∆a

Ci + CLC
-----------------------

Ci

Ci + CLC
-2Ps∆a

Ci + CLC

Ci
Ci + CLC

------------------------- VSX =
2Ps∆a

Ci + CLC
-----------------------

VSX =
2Ps∆a

Ci
--------------------

in accordance with the gradation state, the initial ionic
localization state can be maintained constant.
[0028] When the voltage VSX corresponding to the
gradation state of each frame is kept applied as a DC
component until the next frame in image display repeti-
tion, ionic localization can be kept constant. Therefore,
instability which may be caused by ionic localization can
be eliminated.
[0029] Second, since the DC component also serves
as a "white" retention voltage of the liquid crystal, high-
speed response of the liquid crystal can be obtained and
can cope with the motion picture.
[0030] Figs. 10 and 11 show an optical response test
improved by the above driving method.
[0031] As described above, in order to stabilize the
ionic localization state caused by a display state, the
peak value VSX = of the auxiliary voltage is pref-
erably stabilized. According to this driving method, the
maximum value of the voltage VSX is preferably set as
follows:

The present invention proposes a liquid crystal appara-
tus on the basis of the findings that the above condition
must be essentially satisfied to balance the ions.
[0032] As a condition of a liquid crystal element struc-
ture shown in Fig. 23, the effective magnitude of the
spontaneous polarization PS of the liquid crystal used
and the composite capacitance Ci of the alignment lay-
ers as important components constituting the element
or an insulating layer portion including an additional in-
sulating layer in the element must satisfy the above per-
manent relationship, thereby performing substantially
stable gradation driving.
[0033] From the qualitative viewpoint, the composite
capacitance Ci is preferably set to be large, and the
spontaneous polarization value PS of the liquid crystal
used is preferably set to be small.
[0034] In an experiment conducted by the present in-
ventors, insulating layers formed to prevent electrical
short-circuiting of the upper and lower electrodes of
each cell are formed such that an oxide mixture (Ti-SiOx)
of Ti (titanium) and Si (silicon) is coated on the elec-
trodes and baked to obtain thin films each having a thick-
ness of about 1,000 Å. A 200 Å thick polyimide align-
ment layer is formed on this insulating film and baked.
The resultant structure is rubbed to maximize the com-
posite capacitance Ci. In this case, the capacitance Ci
can be about several 10 nF/cm2. In order to further in-
crease the capacitance Ci, the physical film thickness
must be decreased, and a layer having a high dielectric
constant is selected.
[0035] The magnitude of the spontaneous polariza-
tion PS of the liquid crystal is a maximum of 10 nC/cm2

when it is evaluated by a polarization reverse current.

2PS∆a

Ci

VSXMAX =
2PS·1

Ci
---------------- Vth
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This magnitude is preferably 5 nC/cm2 or less. As a re-
sult, the value 2PS/Ci is set to be about 0.5 V or less. In
order to increase the value Vth, the viscosity of the liquid
crystal is adjusted. However, it is generally disadvanta-
geous to increase the drive voltage.
[0036] In this case, the voltage Vth is defined as a DC
application voltage limit with which an optical change is
substantially not detected during a period of gradation
display in driving the element.
[0037] A driving method of the element will be de-
scribed below.
[0038] The above driving method cannot control each
gradation level in formation of an image by a simple ma-
trix. However, in principle, this driving method can be
applied to an arrangement for driving pixels independ-
ently of each other as in driving of a single-bit optical
shutter or a 7-segment display, or as in active matrix
driving of TFTs (Thin Film Transistors).
[0039] Actual drive waveforms in TFT active matrix
driving will be described in detail below.
[0040] Fig. 12 is a timing chart showing drive wave-
forms applied to active matrix driving.
[0041] A reset signal VR for setting a pixel in the
"black" state is applied, and a time voltage for sufficiently
setting the pixel in the "black" state by utilizing the open
characteristics of the TFT is also applied (Vr in Fig. 12).
A recording voltage VW is applied, and this gradation
level voltage VW is kept applied for a predetermined pe-
riod of time in accordance with similar open character-
istics. A ground signal VE is then applied to the pixel.
During application of a ground voltage Ve, the gradation
transmittance is changed but can be stabilized by the
following auxiliary signal.
[0042] The auxiliary voltage signal VSX is then applied
to the pixel. This signal can be selected from VSX1 and
VSX2 in accordance with a desired gradation display
state. As indicated by the voltages VSX1 and VSX2 in the
display frame serving as one vertical scanning period in
the gradation transmitting state, the auxiliary voltage
signal is applied as a voltage value containing an appro-
priate DC voltage. Note that when a sufficiently high volt-
age is applied as the reset voltage, the voltages VSX1
and VSX2 may be applied as values added with voltages
for effecting the DC components corresponding to the
gradation levels after the voltage difference between the
voltages Vr and VW is compensated to be zero during
the frame period.
[0043] The target DC component value of this auxil-
iary voltage signal VSX is selected in accordance with
the magnitude of the spontaneous polarization Ps of the
liquid crystal used. The target magnitude of the DC com-
ponent value is given as VDC = in accordance
with the ratio ∆a of the "white" state when the maximum
transmittance is defined as "1". For example, if Ps to 5
nC/cm2, and the capacitance of the insulating layers
constituting the liquid crystal cell is about 20 nF/cm2, the
voltage VW for recording the full "White" state is set to
be about 0.5 V. In the gradation display state, a DC com-

2PS·∆a

Ci

ponent of about 0.5 V or less is superposed on the aux-
iliary voltage signal.
[0044] The recording voltage VW or the recording volt-
age signal VW is a signal for determining the optical state
of each pixel and represents a voltage signal (gradation
voltage signal) corresponding to display brightness of
the pixel. The auxiliary voltage VSX or the auxiliary volt-
age signal VSX is assumed to be a voltage for substan-
tially stabilizing the gradation display state. This voltage
signal is stabilized well at a DC voltage equal to or less
than the optical threshold value Vth. In this case, the
optical threshold value Vth is defined as a value with
which an optical change is substantially not detected
even if the threshold value Vth is kept applied through-
out one frame.
[0045] The absolute value of the auxiliary voltage sig-
nal VSX is preferably set to be about 1/50 to 1/5 that of
the gradation voltage signal.
[0046] Referring to Fig. 12, the application interval of
the ground voltage Ve between the voltages VW and VSX
is given to stabilize a reaction component as response
of the liquid crystal molecules after the gradation voltage
signal VW is applied. However, even if this application
interval is not provided in this element, the driving effect
is not impaired in this embodiment. In this case, the VSX
value must be appropriately regulated in accordance
with a drive waveform.
[0047] If a change in state of the liquid crystal is as-
sumed to occur by the application interval of the reset
voltage signal Vr, the application intervals of the voltage
signals VW and VE can be set equal to that of the reset
voltage Vr.
[0048] In order to effectively practice the above driv-
ing method, a recording period of each line is divided
into at least four intervals (if the VE application interval
is not provided, only three intervals are required; and
the following description exemplifies a case wherein the
VE application interval is provided). Referring to Fig. 12,
the lower timing chart represents a case wherein the re-
cording period A of the nth line is divided into four inter-
vals. That is, the recording period A is divided into a di-
vision interval a for enabling a gate corresponding to a
subsequent line a few lines after the current line to reset
the pixels of the subsequent line, a division interval b for
enabling a gate of the nth line to perform recording of
the nth line itself, a division interval c for enabling a gate
corresponding to a previous line a few lines before the
current line to apply the ground voltage to the recorded
pixels of the previous line, and a division interval d for
enabling a gate corresponding to another previous line
a few lines before the above previous line to apply an
auxiliary voltage signal to the recorded pixels of this oth-
er previous line. Note that the division intervals a, b, c,
and d in the recording period A of the nth line may have
any one of the following orders: abcd, abdc, acdb, acbd,
bacd, badc, bcad, bcda, bdac, bdca, cabd,....
[0049] Fig. 12 shows optical states 101 to 104 of a
liquid crystal pixel of the nth line. These states are en-
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larged in Fig. 13.
[0050] Fig. 14 is a view showing an FLC sandwiched
between an upper electrode substrate 11 having a TFT
active matrix and a lower substrate with its entire surface
serving as an electrode.
[0051] In principle, when the direction of the sponta-
neous polarization PS is upward 201, the major axis of
each FLC molecule is given as a direction indicated by
a solid line 1; and when the direction of the spontaneous
polarization PS is downward 202, the major axis of each
FLC molecule is given as a direction indicated by a dot-
ted line 2. When the reset voltage Vr shown in Fig. 20
is applied to keep the upper electrode in a negative
state, the spontaneous polarization is ideally directed in
the upward direction 201 during this interval. When one
of polarizing plates 301 and 302 arranged as a crossed
polarizer is aligned with the major-axis direction indicat-
ed by the solid line 1, the pixel is set in the "black" state.
Therefore, full "black" states 101 and 103 in Fig. 12 can
be obtained.
[0052] When the gradation voltage signal as the re-
cording voltage signal VW has a magnitude larger than
the reverse threshold value Vth of the liquid crystal, a
"white" domain is formed. However, if VW is less than
Vth, a reset "black" state is maintained. When the
ground voltage signal VE is enabled to apply the ground
voltage Ve, some molecules which are not latched to the
"white" state tend to react, but the state is transited to
the gradation display state (103 in Fig. 12) correspond-
ing to the gradation voltage VW. Thereafter, when the
auxiliary voltage signal VSX corresponding to the volt-
age VW is applied, the gradation state is maintained, and
variations in ionic localization described above can be
prevented. As a result, since the variations in ionic po-
larization are eliminated in each frame, no undesirable
change in transmittance occurs. Therefore, a stable im-
age display operation can be performed.
[0053] In a so-called high-vision compatible television
display, when about 1,000 scanning lines are interlaced-
scanned at 30 or 60 Hz, each frame is driven for about
33 msec. For this reason, a recording period assigned
to each line is about 33 µsec per frame. The recording
period of 33 µsec for applying a recording voltage every
nth line is divided into four intervals (i.e., each interval
is about 8 µsec or less). For example, these four inter-
vals consist of an interval for applying the VR pulse for
resetting a line pixel applied with the recording voltage
(VW) six lines after the current line (= S3), a recording
pulse interval for applying the voltage VW to the pixel of
the nth line, a ground signal interval for applying the
ground voltage VE to a line pixel having been applied
with the voltage VW six lines before the current line (=
S2), and an interval for applying the auxiliary voltage sig-
nal VSX to a line pixel having been applied with the VW
12 lines before the current line (= S1). A total time for
applying the respective voltages becomes about 198
µsec (= about 33 µsec x 6). A satisfactory image display
could be obtained by the material used by the present

inventor at maximum VR and VW voltages of about 7 V.
In addition, the DC component was superposed on the
auxiliary voltage VSX by a voltage equal to or less than
the threshold value Vth corresponding to the gradation
level to stabilize the gradation display state.
[0054] The driving method shown in Fig. 12 will be de-
scribed in more detail with reference to Fig. 13.
[0055] The pulse peak value of the auxiliary voltage.
signal VSX can be determined as follows.
[0056] Assume that the peak value VR of the reset
voltage Vr in the ideal voltage waveform during the reset
signal interval a is -V0, and that the peak value VW of
the recording voltage VW during the recording signal in-
terval b is +V0. If the times for applying these voltages
are equal to each other, a peak value VS0 of the auxiliary
voltage signal VSX during the auxiliary voltage signal in-
terval d is set at 0.5 V if Ps to 5 nC/cm2 and Ci to 20 nF/
cm2, in accordance with calculation (interval
401).
[0057] On the other hand, when gradation levels are
assigned to the recording signal as indicated by inter-
vals 402, 403, and 404, peak values VS1, VS2, and VS3
are defined as follows if the reset voltage is sufficiently
high, the number of scanning lines is 1,000, and a
24-line period is provided as the frame interval (blanking
period) as follows. If the reset interval, the recording in-
terval, and the ground interval are defined as S2, S3, and
(S4 - S3), respectively, and if condition S2 = S3 = (S4 -
S3) = S is established, the following equations can be
approximated:

When the DC components by the voltages Vr and VW
are set to zero, and a voltage value corresponding to

is added to each zero DC component
value, so that the peak values of the auxiliary voltage
signals are defined with respect to gradation values
(based on transmittances at the end of ground voltage
application period) ∆a1, ∆a2, and ∆a3 as follows:

2PS(∆a=1)

Ci

VS1' =
(V0 - V1) 3 S

1024 - (3S + 1)
------------------------------------------

VS2' =
(V0 - V2) 3 S

1024 - (3S + 1)
----------------------------------------

VS3' =
(V0 - V3) 3 S

1024 - (3S + 1)
----------------------------------------

2PS∆a (0<∆a<1)

Ci

VS1 = VS1' +
2PS∆a1

Ci
------------------------

VS2 = VS2' +
2PS∆a2

Ci
----------------------
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(0 < ∆a1,∆a2,∆a3 < 1)
[0058] If the intervals S2, S3, and (S4 - S3) are different
from each other, the voltage VS1' can be rewritten as
follows:

[0059] For example, assume that the spontaneous
polarization PS of the FLC used equals 5 nm/cm2, the
capacitance Ci is 20 nF/cm2, the voltage VW is -7 V, and
a 60% transmittance is obtained at V1 of 5.5 V. If the S2
= S3 = (S4 - S3) = 6, then the following equation is ob-
tained:

and therefore,

[0060] The auxiliary voltage signal VSX may be calcu-
lated in accordance with the analog recording signal
voltage VW on the spot, or may be automatically output
from a prestored table T (VW and VSX) if the recording
signal VW is a digital signal.
[0061] The above described driving method can be
easily realized by arranging a frame memory or a line
memory of at least S4 lines in principle.
[0062] That is, since a delay time of S4 = 12 lines is
present between generation of the recording signal and
generation of the auxiliary signal, information of S4 = 12
lines must be stored for generation of recording signals
for other lines during this period.
[0063] Fig. 15 shows a simple block diagram of a driv-
er circuit. All signal tuning operations are performed in
response to a clock (shown in Fig. 15). Gate signal out-
put timings of the lines, reset signals for the source elec-
trodes, and recording and auxiliary signal output timings
are controlled by this clock.
[0064] It is readily understood that a good effect can
be obtained by a combination of a liquid crystal having
spontaneous polarization and an active matrix element
in order to apply the auxiliary voltage.
[0065] In the above description, the ionic localization
state is stabilized when the FCL state is the full "black"
state. However, this localization may be stabilized when
the FCL state is a full "white" state.
[0066] In this case, ionic localization in the initial
"white" state is caused to occur to start the operation.
According to this method, a waveform in Fig. 16(d) is

VS3 = VS3' +
2PS∆a3

Ci
----------------------

VS1' =
(V0 3 S2) - (V1 3 S3)

1024 - {S2 + S3 + (S4 - S3) + 1}
----------------------------------------------------------------------------------------

VS1' = 7 3 6 - 5.5 3 6
1024 - 19

----------------------------------------- = 9
1005
------------- . 9 mV

VS1 = 9 (mV) + 0.5 (V) x 0.6 = 0.309 (V)

continuously applied. The DC component source for
maintaining the ionic localization in the "black" state is

, and this component is applied as the auxiliary
signal. If the "white" domain ratio is given as ∆a, in order
to maintain the ionic localization amount in the "white"
state with respect to the remaining black domain ratio
(1 - ∆a), an auxiliary voltage having the following DC
component superposing amount is applied (Figs. 16(a)
to 16(d)):

That is, when the present invention is applied to the ac-
tive matrix driving, the auxiliary voltage signals are given
as follows, as shown in Fig. 21:

In this case, the correspondence between the recording
voltage values V1, V2, and V3 (Fig. 13) and the gradation
values ∆a1, ∆a2, and ∆a3 is different from the case
wherein the ionic localization is stabilized in the "black"
state. A lower voltage is selected as the voltage VW to
obtain good gradation display as in the above embodi-
ment.
[0067] When the stabilized gradation display is
achieved, the DC component value is al-
ways smaller than Vth.
[0068] According to the optical modulation element,
as has been described above, there is provided a good
liquid crystal apparatus. A high-precision direct viewing
flat display or a projection display can be arranged. As
a matter of course, by arranging a color filter on each
pixel, or by using a plurality of liquid crystal elements of
the above described driving method so as to perform
color light projection, a transmission or reflection type
high-definition flat color television or projection color tel-
evision can be arranged.

Claims

1. A liquid crystal apparatus comprising a liquid crystal

2PS∆a

Ci

- 2PS(1 - ∆a)

Ci
-------------------------------------

VS0 = 0

VS1 = VS1' -
2PS(1 - ∆a1)

Ci
-----------------------------------

VS2 = VS2' -
2PS(1 - ∆a2)

Ci
-----------------------------------

VS3 = VS3' -
2PS(1 - ∆a3)

Ci
-----------------------------------

- 2PS(1 - ∆a)

Ci
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element comprising a liquid crystal exhibiting spon-
taneous polarization, a pair of electrode substrates
for sandwiching said liquid crystal therebetween,
wherein insulating layers are formed between said
electrode substrates and said liquid crystal, and
wherein the spontaneous polarization Ps value of
said liquid crystal, the interelectrode composite ca-
pacitance Ci of said insulation layers, and the volt-
age threshold value Vth of optical response of said
liquid crystal in said liquid crystal element satisfy the
following condition:

characterized by
first means for applying a gradation voltage

signal corresponding to gradation information to
said pair of electrodes, and

second means for applying a DC component
serving as a reverse bias of an internal electric field
generated upon application of the gradation voltage
signal to said liquid crystal during one vertical scan-
ning period.

2. An apparatus according to claim 1,
characterized in that
said liquid crystal essentially consists of a fer-

roelectric liquid crystal.

3. An apparatus according to any one of the preceding
claims,

characterized in that
said one vertical scanning period is one frame

scanning period.

4. An apparatus according to any one of the preceding
claims,

characterized in that
the value of the DC component is within a

range of 1/50 to 1/5 of the gradation voltage signal.

5. An apparatus according to any one of the preceding
claims,

characterized in that
said liquid crystal element has
a plurality of pairs of electrodes, each pair

consisting of a pixel electrode and a counter elec-
trode,

switching elements arranged along a plurality
of rows and a plurality of columns,

first wiring lines commonly connecting first
terminals of said switching elements in units of
rows,

second wiring lines commonly connecting
second terminals of said switching elements in units
of columns,

2Ps

Ci
-----------< Vth

a plurality of pixel electrodes connected in
units of third terminals of said switching elements,

counter electrodes opposite to said pixel elec-
trodes,

an insulating member formed on at least one
of said pixel and counter electrodes, and

scanning means for applying scanning pulses
to said first wiring lines;

wherein said first means applies said grada-
tion voltage (VW) signal to said electrodes by apply-
ing to said second wiring lines a signal correspond-
ing to said gradation information, and

wherein said second means applies said DC
component (VSX) to said liquid crystal by applying
to said second wiring lines an auxiliary voltage sig-
nal.

6. An apparatus according to claim 5,
characterized in that
said first means is arranged to apply to said

second wiring lines said signal corresponding to
said gradation information after a reset voltage sig-
nal is applied.

7. An apparatus according to claim 6,
characterized by
means for applying, prior to application of the

reset voltage signal, a voltage signal given such that
a difference between an absolute value of the reset
voltage signal and an absolute value of the grada-
tion voltage signal becomes zero.

8. An apparatus according to claim 6,
characterized by
means for applying a zero voltage during a pe-

riod between the auxiliary voltage signal and the
gradation voltage signal.

Patentansprüche

1. Flüssigkristallvorrichtung mit einem Flüssigkristall-
element mit einem Flüssigkristall, das spontane Po-
larisation zeigt, einem Paar Elektrodensubstrate
zum Einschließen des Flüssigkristalls, wobei Iso-
lierschichten zwischen den Elektrodensubstraten
und dem Flüssigkristall gebildet sind, und wobei der
PS-Wert der spontanen Polarisation des Flüssigkri-
stalls, die zusammengesetzte Elektrodenkapazität
Ci der Isolationsschichten und der Spannungs-
schwellwert Vth optischen Ansprechens des Flüs-
sigkristalls im Flüssigkristallelemente der Bezie-
hung genügen:

2PS

Ci
------------- < Vth
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gekennzeichnet durch
ein erstes Mittel zum Anlegen eines Gradati-

onsspannungssignals gemäß der Gradationsinfor-
mation für das Elektrodenpaar, und

ein zweites Mittel zum Anlegen einer Gleich-
stromkomponente, die als Umkehrvorspannung ei-
nes internen elektrischen Feldes dient, das nach
Anlegen des Gradationsspannungssignals an den
Flüssigkristall während einer Vertikalabtastperiode
entsteht.

2. Vorrichtung nach Anspruch 1,
dadurch gekennzeichnet, daß
der Flüssigkristall im wesentlichen aus einem

ferroelektrischen Flüssigkristall besteht.

3. Vorrichtung nach einem der vorstehenden Ansprü-
che,

dadurch gekennzeichnet, daß
die Vertikalabtastperiode eine Vollbildabtast-

periode ist.

4. Vorrichtung nach einem der vorstehenden Ansprü-
che,

dadurch gekennzeichnet, daß
der Wert der Gleichstromkomponente inner-

halb eines Bereichs von 1/50 bis 1/5 des Gradati-
onsspannungssignals liegt.

5. Vorrichtung nach einem der vorstehenden Ansprü-
che,
dadurch gekennzeichnet, daß

das Flüssigkristallelement ausgestattet ist
mit:

einer Vielzahl von Elektrodenpaaren, wobei je-
des Paar aus einer Pixelelektrode und einer
Gegenelektrode besteht, Schaltelementen, die
entlang einer Vielzahl von Zeilen und einer Viel-
zahl von Spalten angeordnet sind,
ersten Verdrahtungsleitungen, die gemeinsam
verbunden sind mit ersten Anschlüssen der
Schaltelemente in Einheiten von Zeilen,
zweiten Verdrahtungsleitungen, die gemein-
sam mit zweiten Anschlüssen der Schaltele-
mente in Einheiten von Spalten verbunden
sind,
einer Vielzahl von Pixelelektroden, die in Ein-
heiten von dritten Anschlüssen der Schaltele-
mente verbunden sind,
Gegenelektroden, die gegenüber den Pixel-
elektroden angeordnet sind,
einem Isolationsglied, das auf wenigstens ei-
nem der Pixelund Gegenelektroden gebildet
ist, und mit
einem Abtastmittel zum Abtasten von Abta-
stimpulsen für die ersten Verdrahtungsleitun-
gen;

wobei das erste Mittel das Gradationsspan-
nungssignal (VW-Signal) an die Elektroden anlegt
durch Anlegen eines Signals gemäß der Gradati-
onsinformation an die zweiten Verdrahtungsleitun-
gen und

wobei das zweite Mittel die Gleichstromkom-
ponente (VSX) an den Flüssigkristall anlegt durch
Anlegen eines Zusatzspannungssignals an die
zweiten Verdrahtungsleitungen.

6. Vorrichtung nach Anspruch 5,
dadurch gekennzeichnet, daß
das erste Mittel eingerichtet ist zum Anlegen

des Signals gemäß der Gradationsinformation an
die zweiten Verdrahtungsleitungen, nachdem ein
Rücksetzspannungssignal angelegt ist.

7. Vorrichtung nach Anspruch 6,
gekennzeichnet durch
ein Mittel zum Anlegen eines Spannungssi-

gnals vor Anlegen eines Rücksetzspannungssi-
gnals, wobei das Spannungssignal so gestaltet ist,
daß eine Spannungsdifferenz zwischen einem Ab-
solutwert des Rücksetzspannungssignals und ei-
nem Absolutwert des Gradationsspannungssignals
zu Null wird.

8. Vorrichtung nach Anspruch 6,
gekennzeichnet durch
ein Mittel zum Anlegen einer Null-Spannung

während einer Periode zwischen dem Zusatzspan-
nungssignal und dem Gradationsspannungssignal.

Revendications

1. Dispositif à cristaux liquides comprenant un élé-
ment à cristaux liquides comprenant des cristaux
liquides émettant une polarisation spontanée, une
paire de substrats d'électrodes destinés à maintenir
en sandwich entre eux lesdits cristaux liquides,
dans lequel des couches isolantes sont formées en-
tre lesdits substrats d'électrodes et lesdits cristaux
liquides, et dans lequel la valeur de polarisation PS
desdits cristaux liquides, la capacitance composite
inter-électrodes Ci desdites couches isolantes et la
valeur du seuil de tension Vth de la réponse optique
desdits cristaux liquide dans ledit élément à cristaux
liquides satisfont aux conditions suivantes:

caractérisé par un premier dispositif pour appli-
quer un signal de tension échelonné correspondant
à une information échelonnée pour ladite paire
d'électrodes, et un deuxième dispositif pour appli-

2PS

Ci
------------ < Vth
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quer un composant de courant continu utilisé com-
me une polarisation inversée d'un champ électrique
interne généré par l'application d'un signal de ten-
sion échelonné audits cristaux liquides pendant une
période de balayage vertical.

2. Dispositif selon la revendication 1, caractérisé en
ce que lesdits cristaux liquides consistent essen-
tiellement en un cristal liquide ferro-électrique.

3. Dispositif selon l'une quelconque des revendica-
tions précédentes, caractérisé en ce qu'une pério-
de de balayage vertical est une période de balaya-
ge en bloc.

4. Dispositif selon l'une quelconque des revendica-
tions précédentes, caractérisé en ce que la valeur
du composant de courant continu se situe dans une
gamme de 1/50 à 1/5 du signal de tension échelon-
né.

5. Dispositif selon l'une quelconque des revendica-
tions précédentes, caractérisé en ce que ledit élé-
ment à cristaux liquides comprend une pluralité de
paires d'électrodes, chacune des paires consistant
en une électrode à pixels et une électrode à courant
inversé, assurant la commutation des éléments dis-
posés le long d'une pluralité de lignes et d'une plu-
ralité de colonnes, les premières lignes de câblage
reliant habituellement les premiers terminaux des-
dits éléments de commutation dans des unités de
lignes, les deuxièmes lignes de câblage reliant ha-
bituellement les deuxièmes terminaux desdits élé-
ments de commutation dans des unités de
colonnes ; une pluralité d'électrodes à pixels reliés
en unités de troisièmes terminaux desdits éléments
de commutation, des électrodes à courant inversé
opposées auxdites électrodes à pixels, un élément
d'isolation formé d'au moins l'une desdites électro-
des à pixels et électrodes à courant inversé, et un
dispositif de balayage pour appliquer des pulsa-
tions de balayage auxdites premières lignes de
câblage ; dans lequel le premier dispositif applique
ledit signal de tension échelonnée (Vw) auxdites
électrodes en appliquant auxdites deuxièmes li-
gnes de câblage un signal correspondant pour la-
dite information échelonnée, et dans lequel le
deuxième dispositif applique ledit composant de
courant continu (VSX) audits cristaux liquides en ap-
pliquant auxdites deuxièmes lignes de câblage un
signal de tension auxiliaire.

6. Dispositif selon la revendication 5, caractérisé en
ce que le premier dispositif est disposé pour appli-
quer aux deuxièmes lignes de câblage ledit signal
correspondant à ladite information échelonnée
après qu'un signal de tension réinitialisé a été ap-
pliqué.

7. Dispositif selon la revendication 6, caractérisé par
un dispositif pour appliquer, avant l'application du
signal de tension réinitialisé, un signal de tension
donné de telle sorte qu'une différence entre une va-
leur absolue du signal de tension réinitialisé et une
valeur absolue du signal de tension échelonné soit
égale à zéro.

8. Dispositif selon la revendication 6, caractérisé par
un dispositif d'application d'une tension zéro pen-
dant une période entre le signal de tension auxiliaire
et le signal de tension échelonné.
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