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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

The present application is related to and claims pri-
ority from Japanese Patent Applications No. Hei-9-
163093, filed on June 19, 1997 and No. Hei-9-192927,
filed on July 17, 1997, the contents of which are incor-
porated herein by reference.

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention generally relates to a liquid
crystal display device, and more particularly to a liquid
crystal display device which has a matrix electrode
structure to drive n x m pixels.

2. Description of Related Art

JP-A-7-43676 discloses a liquid crystal display with
a simple matrix electrode structure which is able to dis-
play images of intermediate brightness in addition to
bright and dark images. As the liquid crystal for the dis-
play, an anti-ferroelectric material is used. The anti-fer-
roelectric liquid crystal of this kind has at least one anti-
ferroelectric state (the first stable state) and two ferroe-
lectric states (the second and third stable states), and
each of these states can be attained stably.

According to the disclosure of the above-mentioned
publication, voltages applied to the liquid crystal panel
are reversed periodically so that a direct current compo-
nent is not applied to the panel. A transparent state of
the panel is realized by using two ferroelectric states
alternately, and a non-transparent state is realized by
using the anti-ferroelectric state of the anti-ferroelectric
liquid crystal. To display images of intermediate bright-
ness, an eliminating period in which pixels are tempo-
rarily turned to a dark state (anti-ferroelectric state) is
provided before each selecting period.

The anti-ferroelectric liquid crystal panel shows dif-
ferent refractive anisotropies (An) between the two fer-
roelectric states when it is seen from slanting directions.
Therefore, the display will flicker when the switching fre-
quency between the two ferroelectric states becomes
lower than, e.g., 30 Hz. The flicker of this kind is referred
to as the slanting direction flicker. In addition, since the
dark state appears temporarily in the eliminating period
even when the bright state continues before and after
the eliminating period, this dark state also causes the
flicker. In order to eliminate the flicker, it is conceivable
to choose a switching frequency which is higher than 30
Hz.

However, there is a certain limit in increasing the
switching frequency in consideration of a response
speed of the anti-ferroelectric liquid crystal, especially
when a higher number of scanning electrodes is
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required to attain high definition of the display.

Proposals to prevent the flicker have been made,
for example, in JP-A-4-311920. It proposes to switch the
polarity of the applied voltage at a frequency which does
not show the flicker during a holding period. However,
since the holding voltage is switched or reversed at a
same value, a brightness of the panel after the switching
does not maintain the brightness before the switching.
This is because the anti-ferroelectric liquid crystal does
not respond as quickly as the polarity changes. There-
fore, the brightness of the panel changes every time the
polarity is switched, and the flicker on the panel caused
by the frequency rewriting pictures on the panel cannot
be avoided. This problem is more notable when the
images of intermediate brightness are displayed.

Also, JP-A-7-20441 proposes to prevent the flicker
by not providing the eliminating period and partially
rewriting the pixels, thereby decreasing the brightness
change from the bright state to the dark state. However,
the intermediate brightness cannot be obtained
because the eliminating period is not provided. It is also
proposed in this publication to employ an interlaced
scanning (in which the scanning electrodes are not
scanned sequentially but scanned in a fashion jumping
one or more neighboring scanning electrodes). How-
ever, if the interlaced scanning is used together with the
eliminating period to obtain the intermediate brightness,
brightness change due to the eliminating period causes
a problem such as a scrolling stripe or a line flicker. The
scrolling stripe is such a phenomenon in which change
of brightness moving in the direction of scanning is
observed as a stripe, and the line flicker is a phenome-
non in which change of brightness is seen in parallel to
the scanning electrodes. Both phenomena are
observed as a substantially same phenomenon.

SUMMARY OF THE INVENTION

The present invention has been made in view of the
above-mentioned problems, and an object of the
present invention is to provide a liquid crystal display
device which does not show the flicker when it is driven
by an alternating voltage. Another object of the present
invention is to provided a liquid crystal display device in
which scrolling stripes and/or the line flicker are practi-
cally invisible.

The liquid crystal display device is substantially
composed of a display panel having a matrix electrode
structure and a liquid crystal such as an anti-ferroelec-
tric liquid crystal, a scanning electrode driving circuit
and a signal electrode driving circuit. One scanning field
is composed of a selecting period in which picture
images are written on the pixels, a holding period in
which the picture images are maintained, and an elimi-
nating period in which the picture images written on the
pixels are eliminated. Signals carrying picture images
are imposed on the signal electrodes in synchronism
with the scanning voltages. In the holding period, the
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holding voltage polarity is reversed.

According to the present invention, a refresh pulse
voltage is imposed every time the holding voltage polar-
ity is reversed in order to keep the brightness of the pic-
ture images constant before and after the reversal of the
holding voltage polarity. The level and duration of the
refresh pulse voltage are selected so that the anti-ferro-
electric state of the liquid crystal is not switched to the
ferroelectric states while positive and negative ferroe-
lectric states are switched to and from each other. Also,
the interlaced scanning in which one or more scanning
electrodes are jumped is employed to further reduce the
flicker. A proper number of jumping in the interlaced
scanning is selected so that the flicker including the line
flicker and the scrolling flicker becomes substantially
invisible.

The polarity of the voltage imposed in the selecting
period may be reversed every selecting period. How-
ever, it is preferable to keep it at the same polarity for a
certain period of time, for example, three hours, to avoid
the brightness change which may occur due to an
asymmetric characteristic of the anti-ferroelectric liquid
crystal. The polarity switchover of the selecting voltage
may be attained by a timer installed in the control circuit,
or at a time when power supply to the display device
newly commences or every time when a screen saver is
in operation.

Various tests have been conducted as to how the
anti-ferroelectric liquid crystal responds to the voltages
applied thereto. Generally, there are three types of the
response in the anti-ferroelectric liquid crystal: when it
changes from the anti-ferroelectric state to the ferroe-
lectric states, from one of the ferroelectric states to the
other ferroelectric state, and from the ferroelectric states
to the anti-ferroelectric state. To attain the object of the
present invention, it is necessary that the brightness of
the display panel does not change when the polarity of
the applied voltage is reversed during a holding period.
In other words, it is required to maintain the brightness
of the panel at the same level after the polarity of the
applied voltage is reversed during the holding period as
the level which is attained before the voltage is
reversed. If this is realized, the polarity of the applied
voltage can be reversed during the holding period with-
out causing the flicker.

A graph in FIG. 38 shows response time character-
istics of the anti-ferroelectric liquid crystal versus volt-
ages applied thereto. In this graph, a curve L1 shows
the response time (tr) of the anti-ferroelectric state to
the ferroelectric state at a temperature of 40°C, and a
curve L2 shows its response time (1) when it changes
from a positive ferroelectric state to a negative ferroe-
lectric state or vice versa at 40°C. According to this
graph, when 20 volts is applied, the response time (tr) is
250 p sec., and the response time (t) is 33.5 u sec. ltis
apparent that there is a big difference between the
response time (tr) and ().

This difference can be utilized to change the state
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of the liquid crystal, regions of which are in one ferroe-
lectric state, to another ferroelectric state, while keeping
regions which are in the anti-ferroelectric state in the
same state. This means that it is possible to switch the
polarity of the applied voltage during the holding period
without causing a visible flicker on the display. In other
words, when a refresh voltage (a recovery voltage) of 20
volts having a duration of 33.5 u sec. is applied at the
time of polarity change during the holding period, only
the change between the positive and negative ferroelec-
tric states occurs without causing the change from the
anti-ferroelectric state to the ferroelectric state. Thus,
the visible flicker can be suppressed.

As illustrated in FIG. 39, regions of a pixel which are
in one of the ferroelectric states can be changed to the
other ferroelectric state by applying such a refresh voli-
age, while keeping regions which are in the anti-ferroe-
lectric state unchanged. Thus, the brightness of the
display can be maintained at the same level before and
after the change of the polarity of the voltage applied
during the holding period. This can be attained irrespec-
tive of the level of brightness, i.e., bright, dark or inter-
mediate levels.

According to the graph of FIG. 38, when the refresh
pulse of 20 volts, which is to be applied during the hold-
ing period, having a pulse width or duration in a range
between the curve L1 and L2 is chosen, the brightness
of the panel can be kept at the same level or the bright-
ness change can be minimized before and after the
polarity of the holding voltage is reversed. By utilizing
the phenomenon mentioned above, the present inven-
tion can provide a liquid crystal display device with a
matrix electrode structure in which the flicker of the dis-
play is substantially invisible.

Further, a level of signal voltages applied to a group
of signal electrodes during the period in which the
refresh voltage is applied to scanning electrodes is cho-
sen at a base level of variations of the signal voltages.
Because of this, signal voltages representing a bright
display or a dark display are not affected by adding the
base level of the signal voltages. Accordingly, a bright-
ness of a pixel which is refreshed is not affected by sig-
nal voltages representing a brightness of other pixels on
the same scanning electrode as the pixel to be
refreshed.

Further, the polarity of the holding voltage of a
scanning electrode is opposite to that of a neighboring
scanning electrode during at least a half of a repeating
cycle of a selecting period. This makes the switching
frequency of the holding voltage polarity look faster than
that of a field reversing method, and, accordingly, the
flicker of the display due to the polarity switching is pre-
vented.

According to the present invention, the holding volt-
age polarity can be alternately reversed on each of the
scanning electrodes to prevent an image stick on the
display without causing the flicker thereon by adding the
refresh voltage to the holding voltage at every time
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when the holding voltage polarity is reversed.

Other objects and features of the present invention
will become more readily apparent from a better under-
standing of the preferred embodiments described below
with reference to the following drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a whole structural diagram showing a first
embodiment of a liquid crystal display device with a
matrix electrode structure according to the present
invention;

FIG. 2 is a cross-sectional view of a liquid crystal
display panel;

FIG. 3 is a drawing showing a model of pixels of the
display panel;

FIG. 4 is a diagram showing a scanning electrode
driving circuit;

FIG. 5 is a detailed diagram showing a decoder cir-
cuit;

FIG. 6 is a timing chart for explaining the operation
of the scanning electrode driving circuit;

FIG. 7 is a signal electrode driving circuit diagram;
FIG. 8 is a detailed circuit diagram of a decoder;
FIG. 9 is a timing chart for explaining the operation
of the signal electrodes driving circuit;

FIG. 10 is a timing chart for explaining an operation
of the liquid crystal display device;

FIG. 11 is a timing chart showing waveforms of volt-
ages applied to a pixel G(i,1) at its bright state;
FIG. 12 is a timing chart showing waveforms of volt-
ages applied to a pixel G(i,2) at its dark state;

FIG. 13 is a timing chart showing waveforms of volt-
ages applied to a pixel G(i,3) at its bright state;
FIG. 14 is a timing chart showing waveforms of volt-
ages applied to a pixel G(i,j) at its bright state in a
first field and transparent light intensities of an anti-
ferroelectric liquid crystal;

FIG. 15 is a timing chart showing waveforms of volt-
ages applied to a pixel G(i,j) at its dark state in a
first field and transparent light intensities of an anti-
ferroelectric liquid crystal;

FIG. 16 is a timing chart showing the scanning volt-
ages supplied from the scanning electrode driving
circuit, when the selecting voltage of a same polar-
ity is imposed on the scanning electrodes for more
than one field and the holding voltage polarity is
switched one time in a field;

FIG. 17 is a timing chart continued from FIG. 16;
FIG. 18 is a timing chart showing the scanning volt-
age, the signal voltage and the brightness of the
display when the holding voltage polarity is
switched one time in a field;

FIG. 19 is a timing chart showing waveforms of volt-
ages applied to a pixel G(i,1) at its bright state;
FIG. 20 is a timing chart showing waveforms of volt-
ages applied to a pixel G(i,2) at its dark state;

FIG. 21 is a timing chart showing waveformes of
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voltages applied to a pixel G(i,3) at its bright state;
FIG. 22 is a timing chart showing waveforms of volt-
ages applied to a pixel G(i,j) at its bright state and
transparent light intensity of the anti-ferroelectric
liquid crystal;

FIG. 23 is a timing chart showing waveforms of volt-
ages applied to a pixel G(i,j) at its dark state and
transparent light intensity of the anti-ferroelectric
liquid crystal;

FIG. 24 is a timing chart showing the scanning volt-
ages supplied from the scanning electrode driving
circuit, when the selecting voltage of a same polar-
ity is imposed on the scanning electrodes for more
than one field and the holding voltage polarity is
switched three times in a field;

FIG. 25 is a timing chart showing the scanning volt-
age, the signal voltage and the brightness of the
display when the holding voltage polarity is
switched three times in a field;

FIG. 26 is a whole structural diagram showing a
third embodiment of a liquid crystal display device
with a matrix electrode structure according to the
present invention;

FIG. 27 is a diagram showing a scanning electrode
driving circuit;

FIG. 28 is a diagram showing a 2-bit register shown
in FIG. 27;

FIG. 29 is a timing chart for explaining the operation
of the scanning electrode driving circuit;

FIG. 30 is a timing chart showing scanning voltages
and scanning patterns;

FIG. 31 is a timing chart showing the scanning volt-
age and signal voltage;

FIG. 32 is a timing chart showing waveforms of volt-
ages applied to a pixel G(i,j) at its bright state and
transparency of anti-ferroelectric liquid crystal;

FIG. 33 is a timing chart showing waveforms of volt-
ages applied to a pixel G(i,j) at its bright state shift-
ing to its intermediate state and transparency of
anti-ferroelectric liquid crystal;

FIG. 34 is a timing chart showing waveforms of volt-
ages applied to a pixel G(i,j) at its bright state shift-
ing to its dark state and transparency of anti-
ferroelectric liquid crystal;

FIG. 35A is a chart showing brightness of each row
and an average brightness under sequential scan-
ning;

FIG. 35B is a chart showing brightness of each row
and an average brightness under interlaced scan-
ning;

FIG. 36 is a chart showing the flicker and scrolling
stripe which are observed under sequential and
interlaced scanning (the number of scanning elec-
trodes jumped: 1, 2, 3 and 4);

FIGS. 37A, 37B and 37C are charts for explaining
the scrolling stripe;

FIG. 38 is a graph showing the response time of
anti-ferroelectric liquid crystal versus the holding
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voltage; and

FIG. 39 is a model showing the change of states in
anti-ferroelectric liquid crystal when a refresh volt-
age is applied.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

(First Embodiment)

A first embodiment according to the present inven-
tion will be described with reference to FIGS. 1 to 15.

FIG. 1 shows a whole structure of a liquid crystal
display device with a matrix electrode arrangement. The
device includes a liquid crystal display panel 10, as
shown in FIG. 1 and FIG. 2. The display panel is com-
posed of electrode plates 10a and 10b, an anti-ferroe-
lectric liquid crystal 10c filling the space between the
two plates, and two polarizer layers 10d and 10e each of
which is attached to the surface of the respective elec-
trode plates 10a and 10b.

As shown in FIG. 2, the electrode plate 10a is com-
posed of: a glass substrate 11; a color filter layer 12
having m stripes of R (red), G (green) and B (blue),
which is disposed on the bottom surface of the glass
substrate 11; a transparent electrode layer 13 having m
stripes disposed underneath the color filter layer 12;
and an orientation film 14 disposed underneath the
transparent electrode layer 13.

The electrode plate 10b is composed of: a glass
substrate 15; a transparent electrode layer 16 having n
stripes disposed on the glass substrate 15; and an ori-
entation film 17 disposed on the transparent electrode
layer 16.

The m stripes of the transparent electrode layer 13
and the n stripes of the transparent electrode layer 16
constitute an (m x n) matrix of pixels together with the
anti-ferroelectric liquid crystal 10c, as shown in FIG. 3.
The pixels, G(1,1), G(1,2).....G(m,n) are arranged as
shown in FIG. 3. The m stripes of the transparent elec-
trodes 13 correspond to signal electrodes, X1, X2...Xm,
in FIG. 1 and the n stripes of the transparent electrodes
16 correspond to scanning electrodes, Y1, Y2..Yn, in
FIG. 1.

The polarizer plates 10d and 10e are disposed in a
cross nicol relation. Due to this arrangement, the anti-
ferroelectric liquid crystal becomes non-transparent in
its anti-ferroelectric state. The two electrode plates 10a
and 10b are kept at a uniform distance of, e.g., 2 um by
a number of spacers not shown in the drawing.

As the anti-ferroelectric liquid crystal material 10c,
a material such as, for example, 4-(1-trifluoromethyl-
heptoxycarbonylphenyl)-4'-octyloxycarbonylphenyl-4-
carboxylate shown in JP-A-5-119746 can be used.
Some other materials such as a mixture of several kinds
of anti-ferroelectric liquid crystal or a mixture of liquid
crystal materials including one kind of anti-ferroelectric
liquid crystal may be used.
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As shown in FIG. 1, the display device includes a
control circuit 20, a power source circuit 30, another
power source circuit 40, a scanning electrode driving
circuit 50 and a signal electrode driving circuit 60. The
control circuit 20 delivers output signals, two DPs, DR,
8101, Sl02, SCC, LCK, STD, and SIC, while receiving a
vertical synchronizing signal VSYC and a horizontal
synchronizing signal HSYC from outside circuits. One of
the DP signals (a first DP), DR signal, SI01 signal, Si02
signal and SCC signal are fed to the scanning electrode
driving circuit 50. The other DP (a second DP), LCK,
STD, and SIC signals are fed to the signal electrode
driving circuit 60.

The SI01 and SI02 signals are the signals to decide
a condition of the scanning electrodes, Y1, Y2...Yn. In
this embodiment, a condition where the SI01 signal is L
(low) and SI02 signal is also L corresponds to an elimi-
nating period of the scanning electrode. Similarly, when
SI01 is H (high) and SI02 is L, the scanning electrode is
in a selecting period; when SI01 is H and SI02 is H, the
scanning electrode is in a holding period; and when
SI01 is L and SI02 is H, the scanning electrode is in a
refreshing period.

The power source circuit 30 delivers seven output
signals, VWP VRP, VHP, VE, VHN, VRN and VWN
(FIGS. 1 and 6), while the other power source circuit 40
outputs nine voltages for displaying eight levels of
brightness, V1, V2, V3, V4, V5, V6, V7, V8 and VG
(FIGS. 1 and 9).

The scanning electrode driving circuit 50 supplies
eight voltage levels sequentially to the scanning elec-
trodes, Y1... Yn, which correspond to the eliminating,
selecting, holding and refreshing periods, based on the
signals, the first DP, DR, SI01, SI02 and SCC from the
control circuit 20. The driving circuit 50 also switches
the polarity of the applied voltages at every selecting
period for driving the scanning electrodes by alternating
voltages (refer to FIG. 10).

Referring to FIG. 10, operation of the scanning
electrode driving circuit 50 will be explained, taking a
scanning electrode Y1 as an example. During an elimi-
nating period (E in FIG. 10), displays on all of the pixels
located on the scanning electrode Y1 are eliminated by
applying the voltage VE to the scanning electrode Y1.
The selecting period (S in FIG. 10) is divided into three
periods. During a positive selecting period, the voltage
VE which is the same as the voltage applied during the
eliminating period is applied in the first period, a nega-
tive selecting voltage VWN in the second period, and a
positive selecting voltage VWP in the third period, as
shown in FIG. 10. Picture image data coming from the
signal electrodes are imposed on the pixels on the
scanning electrode Y1 during the selecting period. In a
positive holding period (H+ in FIG. 10), a positive hold-
ing voltage VHP is applied to the scanning electrode Y1
and the picture image data is maintained.

A negative refreshing period (R in FIG. 10) is
divided into two periods, a first and a second period. A
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negative refreshing voltage VRN is applied to the scan-
ning electrode in the first period. The first period corre-
sponds to a period during which a voltage VG is
delivered from the signal electrode driving circuit 60 as
described later, and the polarity of the holding voltage is
reversed in this period while maintaining the image data
as before. A negative holding voltage VHN is applied in
the second period of the negative refreshing period.
Then, a negative holding period (H- in FIG. 10) follows.
During the negative holding period, the negative holding
voltage VHN is applied and the image data are kept as
before. Then, a positive refreshing period (R in FIG. 10)
and the next positive holding period follow. The eliminat-
ing period comes again after the positive holding period.

Then, the next selecting period follows. This select-
ing period is a negative one as opposed to the foregoing
positive selecting period. In the first period of the nega-
tive selecting period, the voltage VE is applied, and the
positive selecting voltage VWP is applied in the second
period. Then, in the third period the negative selecting
voltage VWN is applied to the scanning electrode. The
image data coming from the signal electrodes are
imposed on the pixels on the scanning electrode Y1
during the selecting period. Then, the negative holding
voltage VHN is applied in the negative holding period
and the image data are maintained. Then, the positive
refreshing period, the positive holding period, the nega-
tive refreshing period, and the negative holding period
follow. These sequences are repeated thereafter.

The operation described for the scanning electrode
Y1 is applied in the same manner to other scanning
electrodes, Y2....Yn. The scanning from the electrode
Y1 through the electrode Yn is done sequentially with a
phase difference of the duration of the selecting period
as shown in FIG. 10. In order to prevent the flicker on
the display, the polarity of neighboring scanning elec-
trodes is alternately selected, in such a way that, for
example, Y1 is positive, Y2 is negative, Y3 is positive,
and so forth.

The operation of the scanning electrode driving cir-
cuit 50 will be explained referring to FIG. 4.

The scanning electrode driving circuit 50 includes n
2-bit registers (RY1, RY2...RYn), n decoder circuits
(DY1, DY2...DYn), n level shifters (SY1, SY2...8Yn), and
n analog switch circuits (WY1, WY2...WYn). Each of the
analog switch circuits includes seven analog switches.
The scanning electrode driving circuit 50 performs the
function mentioned above based on five kinds of signals
received from the control circuit 20.

The 2-bit registers (RY1, RY2...RYn) sequentially
receive SI01 and SI02 signals from the control circuit 20
in synchronism with the rising of a SCC signal, and out-
put 2-bit data (bit-1 and bit-2) to the decoder circuits
(DY1, DY2..DYn). The decoder circuits (DY1,
DY2...DYn) produce signals of seven kinds which per-
form switching operations on the analog switch circuits
(WY1, WY2...WYn), based on the 2-bit data from the 2-
bit registers (RY1, RY2...RYn) and the first DP signal
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and the DR signal from the control circuit 20.

Each of the decoder circuits (DY1, DY2...DYn) is
composed as shown in FIG. 5, and has six logic circuits
51 through 56. The operation of the decoder circuit will
be explained taking DY1 as an example.

The logic circuit 51 composed of four inverters and
four AND gates, as shown in FIG. 5, decodes the 2-bit
data (bit-1 and bit-2) received from the 2-bit register
RY1, and converts them into signals, DDE, DDW, DDR
and DDH which perform a switching function. During the
eliminating period (SI01 is L and SI02 is L), only the
DDE signal becomes H (high) and other signals
become L (low). During the selecting period (SI01 is H
and SI02 is L), only the DDW signal becomes H and
other signals become L. During the refreshing period
(8101 is L and SI02 is H), only the DDR signal becomes
H and other signals become L. During the holding
period (SI01 is H and SI02 is H), only the DDH signal
becomes H and other signals become L.

The logic circuit 52 composed of four AND gates,
an inverter and two OR gates, as shown in FIG. 5, con-
trols switching signals from the logic circuit 51 based on
the DR signal, and outputs the signals of DEE, DWW,
DRR and DHH. When the DDE signal is H, only the
DEE signal becomes H. When the DDW signal is H,
only the DEE signal becomes high during the time when
the DR signal is H, and only the DWW signal becomes
H during the time when the DR signal is L. When the
DDR signal is H, only the DRR signal becomes H during
the time when the DR signal is H, and only the DHH sig-
nal becomes H during the time when the DR signal is L.
When the DDH signal is H, only the DHH signal
becomes H.

The logic circuit 53 is composed of elements shown
in FIG. 5. In the logic circuit 53, clocked inverters 53¢
and 53f are operated by an inverted output from an
inverter 53a, and clocked inverters 53d and 53e are
operated by a cascade output from the inverters 53a
and 53b. According to the operation of the clocked
inverters and other logic gates, the logic circuit 53 is
reset when the DDW signal is H and reverses an output
of an OR gate 53¢g in synchronism with rising of the
DDR signal.

The logic circuit 54 is composed of elements shown
in FIG. 5 and performs a function of latching data. In the
logic circuit 54, a clocked inverter 54¢ is operated by an
inverted output from an inverter 54a which inverts the
DDW signal, and a clocked inverter 54d is operated by
a cascade output from the inverters 54a and 54b.
According to the operation of the clocked inverters and
other logic gates, the logic circuit 54 outputs the first DP
signal as it is when the DDW signal is H, and latches the
first DP signal when the DDW signal is L.

The logic circuit 55 is composed of an exclusive OR
gate and outputs an exclusive logical sum of the outputs
from the logic circuits 53 and 54 as a DPP signal to the
logic circuit 56. During the time when the DDW signal is
H, the DPP signal corresponds to the first DP signal and
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its voltage polarity is controlled by the first DP signal,
because the logic circuit 53 is reset and its output
becomes L and the logic circuit 54 outputs the same
output as the output of the logic circuit 53. When the
DDW signal becomes L, the DPP signal becomes inde-
pendent from the first DP signal because the logic cir-
cuit 54 performs the latch function. Since the logic
output from the logic circuit 53 is reversed in synchro-
nism with the rising of the DDR signal, the DPP signal is
reversed every time the DDR signal rises and the volt-
age polarity is reversed at every refreshing period.

The logic circuit 56 composed of six AND gates as
shown in FIG. 5 switches the voltage polarity according
to the signals from the logic circuit 52 and the DPP sig-
nal from the logic circuit 55. When the DWW and DPP
signals are H, the DWP signal becomes H. When the
DWW signal is H and the DPP signal is L, the DWN sig-
nal becomes H. When the DRR and DPP signals are H,
the DRP signal becomes H. When the DRR signal is H
and the DPP signal is L, the DRN signal becomes H.
When the DHH and DPP signals are H, the DHP signal
becomes H. When the DHH signal is H and the DPP
signal is L, the DHN signal becomes H. The seven con-
trol signals DEE, DWP, DWN, DRP, DRN, DHP, and
DHN are thus synthesized.

The DEE signal controls the analog switch (refer to
FIG. 4) connected to a VE terminal of the power source
circuit 30 through the level shifter. The DWP signal con-
trols the analog switch connected to a VWP terminal of
the power source circuit 30 through the level shifter. The
DWN signal controls the analog switch connected to a
VWN terminal of the power source circuit 30 through the
level shifter. The DRP signal controls the analog switch
connected to the VRP terminal of the power source cir-
cuit 30 through the level shifter. The DRN signal controls
the analog switch connected to the VRN terminal of the
power source circuit 30 through the level shifter. The
DHP signal controls the analog switch connected to the
VHP terminal of the power source circuit 30 through the
level shifter. The DHN signal controls the analog switch
connected to the VHN terminal of the power source cir-
cuit 30 through the level shifter. When a control signal is
H, a corresponding analog switch becomes closed (ON)
and a corresponding voltage is supplied from the power
source circuit 30 to the scanning electrode. This applies
to each one of the control signals (DEE, DWP, DWN,
DRP, DRN, DHP and DHN).

Thus, voltages having a predetermined waveform
as shown in FIG. 6 are supplied to each scanning elec-
trode (Y1, Y2...Yn) according to the signals SCC, SI01,
8102 and first DP.

The signal electrode driving circuit 60, as shown in
FIGS. 1 and 7, is composed of m 3-bit registers (RX1,
RX2...RXm), m decoder circuits (DX1, DX2...DXm), m
level shifters (SX1, SX2...8Xm) and m analog switches
(WX1, WX2...WXm). The signal electrode driving circuit
60 supplies signal voltages of nine levels from the power
source circuit 40 to the signal electrodes (X1, X2...Xm)
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according to the picture image signal DAP from the out-
side and the signals, second DP, LCK, STD and SIC
from the control circuit 20. The DAP signal is a 3-bit sig-
nal because the liquid crystal panel displays images
having eight brightness steps.

The operation of the signal electrode driving circuit
60 will be explained referring to the timing chart shown
in FIG. 9. The picture image signals DAP having 3-bit
data are sent from the outside to the signal electrode
driving circuit 60 as a series of data for all of the signal
electrodes (X1, X2,...Xm). The picture image data are
sent from the outside to the signal electrode driving cir-
cuit 60 sequentially, i.e., the data for the pixels on the
scanning electrode Y1 come first and the data for the
pixels on the scanning electrode Y2 come next, and the
data come continuously in this way till the scanning
electrode Yn. In FIG. 9, D(1,i) denotes a series of pic-
ture image data for pixels on the scanning electrode Y1,
and D(1,1), D(1,2)....D(1,m), each denotes the picture
image datum for the respective signal electrode, X1,
X2...Xm. When the STD signal is H, the picture image
signal corresponding to the signal electrode X1 is fed to
the 3-bit register in synchronism with the rising of the
SIC signal. Similarly, the picture image signals corre-
sponding to the signal electrodes, X2, X3..Xm are
sequentially fed to the 3-bit registers in synchronism
with the rising of the SIC signal. Thus, the picture image
data for the pixels on the one scanning electrode are
stored in the 3-bit registers, RX1, RX2...RXm. The data
stored in the 3-bit registers are fed to the decoder cir-
cuits.

As shown in FIG. 8, each of the decoders, DX1,
DX2...DXm, has five logic circuits 61, 62, 63, 64 and 65.
The operation of the decoders will be explained with ref-
erence to FIG. 8, taking DX1 as an example.

The logic circuit 61 composed of three D-type flip-
flops latches the 3-bit picture image data in synchro-
nism with a rising of the LCK signal from the control cir-
cuit 20. The logic circuit 62 composed of three exclusive
OR gates reverses the picture image signals latched by
the logic circuit 61 when the second DP signal from the
control circuit 20 is H. The logic circuit 63 is composed
of three pairs of inverters and eight AND gates, and
constitutes a decoder. The logic circuit 63 decodes the
3-bit picture image data signals from the logic circuit 62
and converts them to eight line outputs. The logic circuit
64 composed of an inverter reverses the LCK signal
from the control circuit 20. The logic circuit 65 having
eight AND gates receives signals from the logic circuit
63 and outputs control signals, D1, D2... D8, which
switch the eight analog switches of the analog switch
circuit WX1, according to the outputs from the logic cir-
cuit 64. Also, the decoder circuit DX1 outputs the LCK
signal as a control signal DG.

The decoder circuit DX1 constituted as mentioned
above makes its respective outputs, D1 through D8,
high (H) when the 3-bit data latched by the logic circuit
61 are respectively (L,L,L), (L,LH), ... (H,H,L), (H,H,H),
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under the condition that the second DP signal is L and
the LCK signal is L. Under the condition that the second
DP signal is H and the LCK signal is L, the decoder cir-
cuit DX1 makes its respective outputs, D8 through D1,
high (H) in this order when 3-bit data latched by the logic
circuit 61 are respectively (L,L,L), (LLH), ... (HH,L),
(H,H,H). Under the condition that the LCK signal is H,
the outputs D1 through D8 become L irrespective of the
3-bit data, and only the output DG becomes H.

The outputs D1 through D8 and the output DG from
the decoder control the analog switches connected to
the voltages V1 through V8 and VG of the power source
circuit 40, respectively, through the level shifter (refer to
FIG. 7). When the outputs D1 through D8 and the output
DG are H, corresponding analog switches become ON
and the output voltages from the power source circuit 40
are supplied to the signal electrode.

After the picture image data for pixels on a scanning
electrode are latched by the logic circuit 61 in synchro-
nism with the rising of the LCK signal, the 3-bit registers
(RX1 through RX2) begin to input the picture image
data for the pixels on a next scanning electrode. Accord-
ingly, as seen from the timing chart shown in FIG. 9,
voltage outputs having prescribed waveforms are sup-
plied to the signal electrodes X1 through Xm in
response to the signals SIC, STD, LCK and second DP
and picture image data DAP.

The output voltage VE from the power source circuit
30 and the output voltage VG from the power source cir-
cuit 40 are set at a common level. The signals, SCC,
first DP and LCK, are synchronized with the signals,
LCK and second DP, all signals being fed from the con-
troller circuit 20. The picture image data for the pixels on
a scanning electrode which is in the selecting period are
input in advance by one selecting period. Thus, the
waveforms shown in FIG. 10 are realized.

The operation of an example of the liquid crystal
display device constructed according to the present
invention, in which a one-frame display frequency is 5
Hz (a display period of one-frame is 200 ms), number of
rows is 220, number of columns is 960, a scanning duty
is 1/N (N=1000) and an eliminating period is E (E=100),
will be explained below.

To the pixels, G(i,1), G(i,2), and G(i,3), the positions
of which are shown in FIG. 3 as a model, driving volt-
ages having waveforms shown in FIGS. 11, 12 and 13
are supplied. As shown in those drawings, the driving
voltages imposed on the pixels are composed of volt-
ages of the selecting, holding and eliminating periods.
The driving voltages imposed during the holding period
consist of a refresh pulse voltage and a holding voltage,
and the polarity thereof is reversed at a frequency more
than 30 Hz. Every time the polarity is reversed, the
refresh pulse is imposed. One frame of the display con-
sists of a first field and a second field. Referring to FIGS.
11, 12 and 13, the operation of the first frame will be
explained below.

First, the sequence of the driving voltage imposed
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to the pixels will be explained. During a selecting period,
a voltage VE having a pulse width t1 (11 = 33.3 ps), a
voltage VWN having a pulse width {2 (2 = 33.3 us) and
a voltage VWP having a pulse width 12 are sequentially
imposed. During a holding period which follows the
selecting period, a holding voltage VHP is imposed.
Aifter 10 ms counting from the beginning of the selecting
period, a refresh voltage VRN having a pulse width t1 is
imposed, and then a holding voltage VHN is imposed
until 10 ms lapses counting from the beginning of the
refresh voltage. Then, a refresh voltage VRP having a
pulse width t1 is imposed. After that, a holding voltage
VHP is imposed until 10 ms lapses counting from the
beginning of the refresh voltage VRP.

Thereafter, the cycle having the refresh pulse volt-
age and the holding voltage is repeated every 10 ms,
changing the polarity thereof. This continues until the
end of the Pth holding period (P = 9 in this example).
The total time from the beginning of the selection period
to the end of the Pth holding period is
(N-E) « (t1+i2 - t2) . Then, the voltage VE is imposed for
the eliminating period, i.e., E « (1142 « 12) .

The second field is constituted by the same select-
ing, holding and eliminating periods as in the first field,
but the polarity of all the voltages imposed is just
reversed.

Next, the sequence of signal voltages imposed at
the pixels will be explained. Signal voltages for the
selecting period consist of three pulse voltages having a
pulse width, t1, t2 and {2, respectively, in accordance
with the driving voltage waveform imposed on the scan-
ning electrodes. To display a bright image in the first
field, the voltage VG with a pulse width t1 is imposed,
and then the voltage V8 with a pulse width 2 and the
voltage V1 with a pulse width 2 follow. To display a dark
image in the first field, the voltage VG with a pulse width
11 is imposed, and then the voltage V1 with a pulse
width 12 and the voltage V8 with a pulse width {2 follow.
To display a bright image in the second field, the voltage
VG with a pulse width t1 is imposed, and then the volt-
age V1 with a pulse width 12 and the voltage V8 with a
pulse width 12 follow. To display a dark image in the sec-
ond field, the voltage VG with a pulse width t1 is
imposed, and then the voltage V8 with a pulse width {2
and the voltage V1 with a pulse width t2 follow. The
image signals mentioned above determine the display
condition of the pixels in combination with the waveform
of the scanning voltages.

The refresh pulse voltage imposed at the beginning
of the holding period to the scanning electrodes is syn-
chronized with the signal voltage VG. That is, the
refresh pulse is imposed during the period when the sig-
nal voltage is VG. Thus, it is possible to always impose
the refresh voltage VRP or VRN with a pulse width t1,
irrespective of any combination with image signal wave-
forms which display a bright image or a dark image.
Accordingly, a pixel which has been refreshed can dis-
play a image with the same brightness as before without
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being influenced by image signal waveforms for other
pixels on the same signal electrode, only the polarity of
the holding voltage being reversed. The voltage
imposed during the refreshing period is not necessarily
limited to the voltage VG, but it may be a voltage corre-
sponding to a base level voltage of signal voltage varia-
tion. When the base level voltage is used in stead of VG,
substantially the same result can be obtained.

In order to improve angular visibility characteristics
of the display, the polarity of neighboring scanning elec-
trodes is reversed one by one, or group by group.

In the manner mentioned above, the voltages hav-
ing the waveforms as shown in FIGS. 11, 12 and 13 are
imposed on the pixels G(i,1), G(i,2) and G(i,3), respec-
tively. The waveforms shown in the drawings corre-
spond to the conditions where G(i,1) displays a bright
image, G(i,2) a dark image and G(i,3) a bright image.
The voltage imposed on each of those pixels is shifted
in its phase by a period of (t1+2 « 12 ). In other words, a
series of voltages imposed on the pixel G(i,2) during the
selecting, holding and eliminating periods is delayed in
its phase by the period (t1+2 +12), compared with a
series of voltages imposed on the pixel G(i,1). Similarly,
the phase of the voltages imposed on following pixels
are shifted by the same period.

Next, the state of a pixel G(i,j) where it is in a condi-
tion to display a bright image will be explained referring
to FIG. 14 which shows the voltages imposed thereon
and transparent light intensities of an anti-ferroelectric
liquid crystal. The driving voltage having the waveform
as shown in FIG. 14 is imposed. In the selecting period
of the first field, the anti-ferroelectric liquid crystal is in a
second stable state (a positive ferroelectric state shown
by F+ in FIG. 14), and this state continues during the
first holding period which follows the selecting period.
The state of the liquid crystal is switched to a third stable
state (a negative ferroelectric state shown by F- in FIG.
14) from the second stable state by a refresh pulse volt-
age VRN with a pulse width t1 which is imposed at the
beginning of the second holding period, and this state is
maintained during the second holding period by the
holding voltage. Then, the state of the liquid crystal is
again switched to the second stable state from the third
stable state by a refresh pulse voltage VRP with a pulse
width t1 which is imposed at the beginning of the third
holding period, and this state is maintained during the
third holding period by the holding voltage. Thereafter,
the switching between the second stable state and the
third stable state, which is performed every time the
refresh pulse voltage is imposed, is repeated. The
switching frequency is chosen so that flicker of the dis-
play is not visible, for example, 50 Hz. At the end of all
holding periods, the state of the liquid crystal is switched
to a first stable state (an anti-ferroelectric state).

In the second field, the anti-ferroelectric liquid crys-
tal is in the third stable state during the selecting period,
and this state is maintained during the first holding
period which follows the selecting period. The state of
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the liquid crystal is switched to the second stable state
from the third stable state by the refresh pulse voltage
VRP with a pulse width t1 which is imposed at the
beginning of the second holding period, and this state is
maintained during the second holding period by the
holding voltage imposed after the refresh pulse voltage.
Then, the state of the liquid crystal is switched from the
second stable state to the third stable state by the
refresh pulse voltage VRN with a pulse width t1 which is
imposed at the beginning of the third holding period,
and this state is maintained during the third holding
period by the holding voltage imposed after the refresh
pulse voltage. Thereafter, the switching between the
second stable state and the third stable state, which is
performed every time the refresh pulse voltage is
imposed, is repeated. The switching frequency is cho-
sen so that flicker of the display is not visible, for exam-
ple, 50 Hz. At the end of all holding periods, the state of
the liquid crystal is switched to a first stable state (an
anti-ferroelectric state).

Next, the state of a pixel G(i,j) where it is in a condi-
tion to display a dark image will be explained referring to
FIG. 15 which shows the voltages imposed thereon and
transparent light intensity of an anti-ferroelectric liquid
crystal. The driving voltage having the waveform as
shown in FIG. 15 is imposed. In the selecting period of
the first field, the anti-ferroelectric liquid crystal is in a
first stable state (an anti-ferroelectric state shown by AF
in FIG. 15), and this state continues during the first hold-
ing period which follows the selecting period. The state
of the liquid crystal is not switched from the first stable
state to the third stable state by the refresh pulse volt-
age VRN with a pulse width t1 which is applied at the
beginning of the second holding period, and the first
stable state is maintained during the second holding
period by the holding voltage. Similarly, the state of the
liquid crystal is not switched from the first stable state to
the second stable state by the refresh pulse voltage
VRP with a pulse width t1 which is applied at the begin-
ning of the third holding period, and the first stable state
is maintained during the third holding period by the
holding voltage. Thereafter, the first stable state is simi-
larly maintained without being affected by the polarity
change which occurs every time the refresh pulse voli-
age is imposed. Also, the liquid crystal is kept in its first
stable state in the eliminating period

In the second field, the anti-ferroelectric liquid crys-
tal is in the first stable state during the selecting period,
and this state is maintained during the first holding
period. The state of the liquid crystal is not switched
from the first stable state to the second stable state by
the refresh pulse voltage VRP with a pulse width t1
which is imposed at the beginning of the second holding
period, and this state is maintained during the second
holding period by the holding voltage imposed after the
refresh pulse voltage. Similarly, the state of the liquid
crystal is not switched from the first stable state to the
third stable state by the refresh pulse voltage VRN with
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a pulse width t1 which is imposed at the beginning of the
third holding period, and this state is maintained during
the third holding period by the holding voltage imposed
after the refresh pulse voltage. Thereafter, the first sta-
ble state is maintained without being affected by the
polarity switching which is performed every time the
refresh pulse voltage is imposed. During the eliminating
period, the first stable state of the anti-ferroelectric liquid
crystal is kept unchanged.

As explained above, the switching between the pos-
itive and negative ferroelectric states of the anti-ferroe-
lectric liquid crystal is performed without changing the
state of pixels which are in the anti-ferroelectric state.
Therefore, the display brightness does not change and
is maintained in the same level before and after the
polarity change of the holding voltage. Accordingly,
flicker on the display is not visible and good picture
images can be attained. Also, an image contrast higher
than 40 was achieved at 40° C in the embodiment
according to the present invention.

The number of refresh pulse voltage impositions in
one field is not necessarily limited to 8 times and can be
modified to an appropriate number. The polarity of the
refresh voltages imposed on a scanning electrode is
chosen so that it alternates in neighboring holding peri-
ods. In this way, the anti-ferroelectric electric liquid crys-
tal is driven by the alternating voltage, thereby
preventing image stick or imprinting on the pixels.

In the embodiment disclosed herein, the polarity of
the holding voltages is chosen so that neighboring
scanning electrodes have an opposite polarity from
each other during most of their holding periods. How-
ever, this may be modified so that neighboring scanning
electrodes have an opposite polarity from each other
during a period more than a half of a repeating period of
the selecting period. The period during which the neigh-
boring scanning electrodes have an opposite holding
voltage polarity from each other can be decided accord-
ing to the number of the refresh pulse impositions.

According to the present invention, the polarity
switching frequency of the holding voltage looks higher
for viewers, compared with a field reversing method.
Accordingly, while attaining the advantage resulting
from the imposition of the refresh pulse voltage, the
flicker on the display caused by the switching of the
holding voltage polarity can be prevented at the same
time.

The structure of the logic circuits in the embodiment
mentioned above may be replaced by programmed rou-
tines of a microprocessor.

(Second Embodiment)

A second embodiment according to the present
invention will be described, referring to FIGS. 16 to 25.
In the second embodiment, the polarity of the selecting
voltage is not reversed every time after the eliminating
period, as opposed to the first embodiment described
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above in which it is reversed every time after the elimi-
nating period.

As described above, the anti-ferroelectric liquid
crystal has three states, the anti-ferroelectric state (AF),
a positive ferroelectric state (F+) and a negative ferroe-
lectric state (F-). The images on the panel are displayed
by switching the states of the anti-ferroelectric liquid
crystal. The switchover characteristic between AF and
F+ and that between AF and F- are not always the
same. Namely, those characteristics may be asymmet-
ric. If the characteristics are asymmetric, and the select-
ing voltage is reversed every time after the eliminating
period, the flicker may occur in the display. To avoid this
problem, the selecting voltage polarity in the second
embodiment is not reversed for a longer time, for exam-
ple, three hours or one day, using a timer installed in the
control circuit 20. Other structures and operation of the
second embodiment are the same as those of the first
embodiment. Therefore, only the differences from the
first embodiment will be described below.

FIGS. 16 and 17 (the timing chart of FIG. 16 contin-
ues to FIG. 17) show the scanning voltage applied to
the scanning electrodes Y1, Y2 and Y3, based on the
signals (SCC, SI01, SI02, first DP and DR) from the
control circuit 20. In the timing chart, E is the eliminating
period, S is the selecting period, H+ is the positive hold-
ing period, R is refreshing period, and H- is the negative
holding period, all being the same as in the first embod-
iment. In this timing chart, the same polarity of the
selecting voltage is imposed in the first four selecting
periods, and its polarity is reversed in the fifth selecting
period. This is only for illustrating purpose, and the
same polarity of the selecting voltage is kept for a much
longer time as mentioned above.

FIG. 18 shows the scanning voltage imposed on
the scanning electrodes Y1, Y2 and Y3, the signal volt-
age on the signal electrode Xi and the brightness of the
pixel G(i,1), in the same manner as in FIG. 10 of the first
embodiment.

FIG. 19 shows waveforms of the voltage applied to
a pixel G(i,1) at its bright state. FIG. 20 shows wave-
forms of the voltage applied to a pixel G(i,2) at its dark
state. FIG. 21 shows waveforms of the voltage applied
to a pixel G(i,3) at its bright state. These waveforms are
similar to those in FIGS. 10, 11 and 12 of the first
embodiment. However, in the second embodiment, the
polarity of the selecting voltage imposed at the begin-
ning of the second field is the same as that imposed at
the beginning of the first field.

FIGS. 22 and 23 show waveforms of the voltage
applied to a pixel G(i,j) at its bright state and dark state,
respectively, in the same manner as in FIGS. 14 and 15
of the first embodiment. In FIG. 22, a selecting voltage
is imposed at the beginning of the first field, and then
the anti-ferroelectric liquid crystal takes the state F+
(the second stable state or the positive ferroelectric
state) in the first holding period of the first field. Then, a
negative refreshing voltage is imposed, thereby switch-
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ing the holding voltage polarity, and the anti-ferroelectric
liquid crystal takes the state F- (the third stable state or
the negative state) in the second holding period of the
first field. Then, the third, fourth, fifth .... holding periods
follow, alternating its polarity and switching the anti-fer-
roelectric liquid crystal states between F+ and F-, and
then the eliminating period E follows. At the beginning of
the second field, a selecting voltage having the same
polarity as that of the first field is imposed, and the same
process as in the first field is repeated. In the dark state
shown in FIG. 23, the anti-ferroelectric liquid crystal
takes the state AF (anti-ferroelectric state or the first
stable state) from the beginning of the first field. The
state AF is not switched to F+ or F- by imposing the
refresh pulse voltage as described above, and accord-
ingly the state AF is kept through the first and second
fields as shown in FIG. 23.

FIGS. 24 and 25 show timing charts similar to
FIGS. 16 and 18. However, in FIGS. 24 and 25, the
holding voltage is reversed three times in one field, as
opposed to the charts in FIGS. 16 and 18 where the
holding voltage is reversed just one time in one field.
The number of holding voltage reversals in one field
may be selected arbitrarily, as long as it is an odd
number. As shown in FIGS. 24 and 25, the selecting
voltage with the same polarity is imposed at the begin-
ning of each field, and the holding voltage polarity of the
first holding period in each field remains the same, for a
predetermined period. The reversal of the selecting volt-
age polarity may be made by various ways other than
the timer installed in the control circuit 20. For example,
it can be made at a time when power supply to the
device starts or when a screen saver for the display
panel 10 is operated.

Since the anti-ferroelectric state of the anti-ferroe-
lectric liquid crystal is switched to the same polarity of
ferroelectric state for a predetermined long period in the
second embodiment, the flicker on the display is further
reduced and becomes invisible even when the anti-fer-
roelectric liquid crystal has an asymmetric switchover
characteristic.

(Third Embodiment)

Referring to FIGS. 26 to 37, a third embodiment
according to the present invention will be described. In
the third embodiment, interlaced scanning is employed
in which the scanning electrodes are scanned by jump-
ing one or more neighboring scanning electrodes) in
addition to the features of the first and/or second
embodiment. Since the most structures and operation
of the third embodiment are similar to those of the first
or second embodiment, only the specific features of the
third embodiment will be described below.

FIG. 26 shows a whole structure of a liquid crystal
display device, in which a control circuit 20A and a scan-
ning electrode driving circuit 50A are used in place of
the control circuit 20 and the scanning electrode driving
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circuit 50 of the first embodiment. The control circuit
20A delivers output signals: the first and second DPs,
DR, SCC, LCK, STD and SIC (same as output signals
of the control circuit 20); SI01a and Sl02a (in place of
SI01 and 8102 of the control circuit 20); and ACK (an
additional signal). The signals Sl01a and Sl02a decide
the condition of the scanning electrodes in the same
manner as in the first embodiment, though the wave-
forms of Sl01a and SI02b are different from those of
SI01 and SI02. That is, a period when both SI01a and
SlI02a are L (low) corresponds to the eliminating period
(E); a period when Sl01a is H (high) and Sl02a is L cor-
responds to the selecting period (8); a period when both
SI01a and Sl02a are H corresponds to the holding
period (H); and a period when SI01ais L and Sl02a is H
corresponds to the refreshing period (R).

The scanning electrode driving circuit 50A imposes
voltages on the scanning electrodes Y1, Y2, Y3 ... in the
interlaced fashion by selecting the seven voltages from
the power source circuit 30. In this particular embodi-
ment, the interlaced scanning is performed by jumping
two scanning electrodes.

The operation of the scanning electrode driving cir-
cuit 50A will be described, taking the scanning elec-
trode Y1 as an example. FIG. 29 shows scanning
voltages imposed on the scanning electrodes together
with the input signals to the scanning electrode driving
circuit 50A in the similar manner as in FIG. 6. In FIG. 29
and following drawings, the selecting period is shown by
S+ (positive) or S- (negative), the holding period by H+
or H-, the refreshing period by R+ or R-, the eliminating
period by RS+ or RS-. The selecting period is divided
into three periods, the first, second and third periods. In
the positive selecting period (S+), voltage VE is
imposed in the first period, voltage VHP in the second
period, and voltage VWP in the third period. In the neg-
ative selecting period (S-), voltage VE is imposed in the
first period, voltage VHN in the second period and volt-
age VWN in the third period. In the positive eliminating
period (RS+), voltage VWP is imposed at the beginning
and then voltage VE follows. In the negative eliminating
period (RS-), voltage VWN is imposed at the beginning
and then voltage VE follows. The scanning electrode
driving circuit 50A operates in the substantially same
manner as in scanning electrode driving circuit 50
except for the points mentioned above.

FIG. 30 shows the scanning voltages imposed on
each scanning electrode, Y1, Y2, Y3, Y4, Y5 .... and so
forth. Since the interlaced scanning which jumps two
neighboring electrodes is employed in this embodiment,
the scanning electrode Y1 is first scanned, and then Y4,
Y7, Y10 ... are scanned in this order in a staggered
manner by delaying one selecting period for each elec-
trode scanned. Also, selecting voltage polarity is
reversed for each electrode scanned. After a first series
of scanning is completed to the bottom, a second series
of scanning starts from the electrode Y2, and then Y5,
Y8, Y11 ... are scanned in this order. Then, the third
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series of scanning starts from the scanning electrode
Y3, and then Y6, Y9, Y12 ... are scanned in this order.
One picture frame is completed when all the scanning
electrodes are thus scanned. Then, scanning for the
next picture frame is repeated from the scanning elec-
trode Y1 with a reversed polarity.

Referring to FIGS. 27 and 28, the structure of the
scanning electrode driving circuit 50A, which is similar
to that of the scanning electrode driving circuit 50 shown
in FIG. 4, will be described. The 2-bit registers RY1,
RY2 ... RYn in FIG. 4 are replaced by 2-bit registers
RY'1, RY'2 ... RY'n; signals SI01, SI02 are replaced by
signals Sl01a, SI02a; and signal ACK is added in this
embodiment, as shown in FIG. 27. The 2-bit registers
RY'1 to RY'n sequentially receive the signals SI01a,
Sl02a from the control circuit 20A in synchronism with
the rising edge of the ACK signal and output 2-bit data
(bit-1 and bit-2) to the decoders DY1 to DYn in synchro-
nism with the rising edge of the SCC signal.

Details of the 2-bit registers RY'1 to RY'n are shown
in FIG. 28. The structure of the 2-bit registers will be
described, taking the 2-bit registers RY'1 and RY'2 as
examples. The 2-bit register RY'1 is composed of a pair
of D-type flip-flops Fa, Fb constituting an 1-bit and a pair
of D-type flip-flops Fc, Fd constituting another 1-bit. The
flip-flops Fb, Fd receive the signals Sl01a, Sl02a,
respectively, in synchronism with the rising of the ACK
signal, and deliver their outputs from respective Q termi-
nals to the flip-flops Fa, Fc, respectively. The flip-flops
Fa, Fc receive the outputs from the flip-flops Fb, Fd,
respectively, in synchronism with the rising of the SCC
signal, and deliver their outputs to the decoder DY1 as
the 2-bit data (bit-1 and bit-2). Similarly, the 2-bit regis-
ter RY'2 is composed of a pair of D-type flip-flops Fa, Fb
and another pair of D-type flip-flops Fc, Fd. The flip-
flops Fb, Fd of RY'2 receive the outputs from respective
Q terminals of the flip-flops Fb, Fd of RY'1, respectively,
in synchronism with the rising of the ACK signal, and
deliver their outputs from respective Q terminals to the
flip-flops Fa, Fc of RY'2, respectively. The flip-flops Fa,
Fc of RY'2 receive the outputs from the flip-flops Fb, Fd
of RY'2, respectively, in synchronism with the rising of
the SCC signal, and deliver their outputs to the decoder
DY2 as 2-bit data (bit-1 and bit-2). Other 2-bit registers
RY'3 to RY'n operate in the same manner and deliver
their outputs as the 2-bit data to DY3 to DYn, respec-
tively. The decoders DY1 to DYn generate seven signals
for operating the analog switches WY1 to WYn, based
on the 2-bit data from the 2-bit registers RY'1 to RY'n,
the first DP signal from the control circuit 20A and the
DR signal from the control circuit 20A in the similar man-
ner as in the first embodiment.

The structure of the decoders DY1 to DYn used in
the third embodiment is the same as that of the first
embodiment (shown in FIG. 5). The decoders DY1 to
DYn operate in the same manner as in the first embodi-
ment, except that the signals SI01, SI02 of the first
embodiment are replaced by the signals Sl01a and
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SI02a. Thus, the scanning voltages shown in FIG. 29
and described above are supplied to the scanning elec-
trodes from the scanning electrode driving circuit S0A.
Since one clock of the ACC signal corresponds to three
clocks of the ACK signal in the third embodiment, the
interlaced scanning is performed by jumping two scan-
ning electrodes according to the signals Sl01a and
8I02a, as shown in FIG. 30.

The signal electrode driving circuit 60 operates in
the same manner as in the first embodiment, because it
operates based on the second DP, LCK, STD and SIC
signals fed from the control circuit 20A, all of which are
identical to those of the first embodiment. Therefore, the
signal voltages are imposed on the signal electrodes
with timing shown in FIG. 31, in which the signal volt-
ages imposed on the signal electrode X1 are shown as
an example.

An example of the operation of the liquid crystal dis-
play device according to the third embodiment will be
described below, referring to FIGS. 32, 33 and 34. In
this particular example, the frame display frequency is
20 Hz (the display period of one-frame is 50 ms), the
number of the row electrodes (scanning electrodes) is
1024, the number of the column electrodes (signal elec-
trodes) is 3840, scanning duty is 1/N (N = 512), and the
eliminating period E (E = 12). FIG. 32 shows voltages
imposed on a pixel G(i,j) and the light transparency
(transparent light intensity) of the same pixel, when the
pixel in the bright state maintains the same bright state
after the eliminating period. FIG. 33 shows the same
when the pixel in the bright state changes its state to the
intermediate state after the eliminating period. FIG. 34
shows the same when the pixel in the bright state
changes its state to the dark state after the eliminating
period. The holding voltage polarity is reversed at a fre-
quency higher than 30 Hz.

In the positive selecting period (S+), voltage VE
having width t1 (11 = 32.6 pus) is imposed first, and then
voltage VHP having pulse width t2 ({2 = 32.6 us ) and
voltage VWP having pulse width 12 are sequentially
imposed as the selecting voltage. The pulse width t1, {2
corresponds to that of the first embodiment shown in
FIG. 11 but is a little shorter than that. Then, the holding
voltage VHP is imposed during the holding period (H+).
In the refreshing period (R-) which starts after 9.7 ms
counting from the beginning of the selecting period
(S+), refresh voltage VRN having pulse width t1 is
imposed. Then holding voltage VHN is imposed during
the holding period (H-) which ends after a lapse of 9.7
ms counting from the beginning of the refreshing period
(R-). In the following refreshing period (R+), refreshing
voltage VRP having pulse width t1 is imposed, and then
holding voltage VHP is imposed during the holding
period (H+) which is 9.7 ms counting from the beginning
of the refreshing period (R+). Thereafter, the same
process is repeated up to the end of the Pth holding
period (P = 5 in this particular example). The length of
the first field from the beginning of the selecting period
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(S+) to the end of the 5th holding period is
(N-E) - (t1+2 - 12) . At the end of the 5th holding period,
voltage VWN having pulse width t1 is imposed and then
voltage VE is imposed for a period of E « (11+2 ¢ 12)-t1

for eliminating the images written on the pixel G(i,j).

In the following selecting period (S-), voltages VE,
VHN and VWN, are sequentially imposed in this order
on the scanning electrode, thereby starting the second
field. Thereafter, the same process described in the first
field is repeated.

To display a bright image in the first field, voltage
VG of pulse width t1, voltage V8 of pulse width t2 and
voltage V1 of pulse width {2 are sequentially imposed
on the signal electrode in the selecting period. To dis-
play a dark image in the first field, voltage VG of pulse
width 11, voltage V1 of pulse width t2 and voltage V8 of
pulse width 12 are sequentially imposed on the signal
electrode in the selecting period. Conversely, to display
a bright image in the second field, voltage VG of pulse
width 11, voltage V1 of pulse width t2 and voltage V8 of
pulse width 12 are imposed in this order. To display a
dark image in the second field, voltage VG of pulse
width 11, voltage V8 of pulse width t2 and voltage V1 of
pulse width 12 are imposed in this order. To display an
intermediate brightness, intermediate voltages V2 to V7
are selected. The refreshing voltage is imposed on the
scanning electrode in synchronism with voltage VG on
the signal electrode. Therefore, the level of the refresh-
ing pulse, VRP or VRN, is not affected by the level of the
signal voltage, and the brightness before and after the
holding voltage polarity is reversed is kept unchanged,
in the same manner as in the first embodiment.

In the eliminating period, the bright image or the
intermediate image is eliminated, namely, the pixel is
brought to the dark state. The brightness change
caused by the elimination is about 2% of the average
brightness of one field. This change may be observed
as a flicker having a frequency of the frame display fre-
quency (20 Hz in the example described above) when
the sequential scanning is employed. When the inter-
laced scanning is employed as in the third embodiment,
the flicker frequency is increased (three times of the
frame display frequency in the example described
above, that is, 60 Hz). Therefore, the flicker can be
made invisible. This will be further explained with refer-
ence to FIGS. 35A and 35B.

FIG. 35A shows the sequential scanning in which
the scanning electrodes are scanned from the top to the
bottom without jumping any electrode. The average
brightness changes with the same frequency as the
frame frequency of 20 Hz, as shown in the right graph,
which can be observed by a viewer. FIG. 35B shows the
interlaced scanning in which the scanning electrodes
are scanned by jumping two electrodes (n = 2) as in the
third embodiment described above. In this case, the
average brightness changes with a frequency three
times higher than the frame frequency, that is, 60 Hz
which is not observed as the flicker. The display contrast
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of the third embodiment is about 40 at a temperature of
40 °C, and no flicker is observed. Relation between the
number (n) of electrodes jumped under the interlaced
scanning and the flicker is shown in FIG. 36. The scroll-
ing flicker is also shown in the chart. The flicker and the
scrolling flicker are checked by taking the average
brightness change as a parameter. The flicker under the
sequential scanning is also checked for comparison
purpose. It is seen from the chart that the flicker is visi-
ble when the average brightness change is higher than
2% under the sequential scanning. Under the interlaced
scanning (n = 1), the flicker is observed when the aver-
age brightness change is higher than 5%. Under the
interlaced scanning (n = 2), the flicker is not visible but
the scrolling stripe (this will be explained below using
separate drawings) is observed when the average
brightness change is 10%. Under the interlaced scan-
ning (n = 3), the scrolling stripe is observed when the
average brightness is higher than 5%. Under the inter-
laced scanning (n = 4) the scrolling stripe is observed
when the average brightness change is higher than 2%.
It is concluded from the above that the optimum number
(n) is 2. However, the results shown in the chart are
obtained by viewing the panel at a distance of 5 cm from
the panel, and the scrolling flicker becomes more invisi-
ble when the panel is viewed at a farther distance.
Therefore, the number n can be higher than 2 in practi-
cal use.

Referring to FIGS. 37A, 37B and 37C, details of the
scrolling stripe will be explained. A stripe having width
Ls appears on the upper portion of the panel at time T1
as shown in FIG. 37A and moves downward. It is seen
at the position shown in FIG. 37B at time T2 and further
moves down, and is seen at the position shown in FIG.
37C at time T3. The scrolling stripe does not always
move downward, but it may move upward, depending
on the viewer's position or the direction of eye move-
ment. As the width Ls becomes narrower, the stripe
becomes difficult to be observed. Also, it becomes more
invisible as the distance from a viewer to the panel
becomes larger. When the width Ls is narrower than 5
mm, and the distance from a viewer to the panel is in a
range from 20 ¢cm to 60 cm (a normal distance), the
scrolling stripe is usually invisible.

The features of each embodiment described above
(the first, second or third embodiment) may be used
alone or in combination with the features of other
embodiments. Though the anti-ferroelectric liquid crys-
tal is used in the embodiments, other liquid crystals
such as smectic liquid crystal having characteristics
similar to the anti-ferroelectric liquid crystal may be
used.

While the present invention has been shown and
described with reference to the foregoing preferred
embodiments, it will be apparent to those skilled in the
art that changes in form and detail may be made therein
without departing from the scope of the invention as
defined in the appended claims.



25 EP 0 886 257 A1 26

Claims

1.

A liquid crystal display device comprising:

a liquid crystal display panel (10) having nxm
pixels constituted by a matrix electrode struc-
ture having n stripes of scanning electrodes
(Y1 to Yn) and m stripes of signal electrodes
(X1 to Xm), and a liquid crystal (10c) inter-
posed between the scanning electrodes and
the signal electrodes;

scanning electrode driving means (20, 20A, 30,
50, 50A) for imposing scanning voltages on the
scanning electrodes, the means providing a
selecting period (S) in which a selecting volt-
age is imposed and picture images are written
on the pixels, a holding period (H) in which the
picture images are maintained by a holding
voltage, a polarity of which is reversed at least
one time, and an eliminating period (E, RS) in
which the picture images on the pixels are elim-
inated, the selecting, holding and eliminating
periods constituting one scanning filed; and
signal electrode driving means (20, 20A, 40,
60) for imposing signal voltages representing
the picture images sequentially on the signal
electrodes in synchronism with the scanning
voltages, thereby displaying picture images on
the display panel; wherein:

a refresh pulse voltage is imposed on the scan-
ning electrodes at the time the polarity of the
holding voltage is reversed; and

the scanning voltages are imposed on the
scanning electrodes in an interlaced fashion by
jumping at least one neighboring scanning
electrode.

2. The liquid crystal display device as in claim 1,

wherein:

the liquid crystal (10c) is an anti-ferroelectric
liquid crystal which exhibits an anti-ferroelectric
state (AF), a positive ferroelectric state (F+)
and a negative ferroelectric state (F-) accord-
ing to voltages imposed thereon; and

the refresh pulse voltage imposed on the scan-
ning electrodes has such a level and a duration
that the refresh pulse voltage causes transition
between the positive (F+) and negative (F-) fer-
roelectric states but does not cause transition
from the anti-ferroelectric state (AF) to either of
the ferroelectric states (F+, F-).

3. The liquid crystal display device as in claim 1 or 2,

wherein:

the interlaced scanning is performed by jump-
ing such number of neighboring scanning elec-
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10.

11.

trodes that makes flicker on the display
practically invisible in relation to a frequency of
the scanning.

The liquid crystal display device as in claim 3,
wherein:

the number of scanning electrodes jumped in
the interlaced scanning is in a range from 2 to
4.

The liquid crystal display device as in claim 1 or 2,
wherein:

the eliminating period (E, RS) is shorter than
10% of a duration of the one scanning field.

The liquid crystal display device as in claim 1 or 2,
wherein:

a distance of the scanning electrodes which
are jumped in the interlaced scanning is
selected so that scrolling stripes on the display
are practically invisible.

The liquid crystal display device as in claim 6,
wherein:

the distance of the scanning electrodes which
are jumped in the interlaced scanning is less
than 5 mm.

The liquid crystal display device as in claim 1 or 2,
wherein:

the polarities of the holding voltages imposed
on neighboring scanning electrodes are oppo-
site to each other during a period more than a
half of the one scanning field.

The liquid crystal display device as in claim 1 or 2,
wherein:

the refresh pulse voltage is imposed on the
scanning electrodes at the time the signal volt-
age imposed on the signal electrodes is at a
base level (VG).

The liquid crystal display device as in claim 1 or 2,
wherein:

the polarity of the selecting voltage imposed on
the scanning electrodes in the selecting period
is reversed every field.

The liquid crystal display device as in claim 1 or 2,
wherein:
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the polarity of the selecting voltage imposed on
the scanning electrodes in the selecting period
is reversed every plurality of fields.

12. The liquid crystal display device as in claim 1 or 2,
wherein:

the polarity of the selecting voltage imposed on
the scanning electrodes in the selecting period
is reversed every time power supply to the dis-
play device newly commences.

13. The liquid crystal display device as in claim 1 or 2,
wherein:

the polarity of the selecting voltage imposed on
the scanning electrodes in the selecting period
is reversed every time a screen saver becomes
in operation.

14. The liquid crystal display device as in claim 1 or 2,
wherein:

the polarity of the holding voltage is reversed
odd number of times in the one scanning field.
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FIG. 28
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