LI QUI D CRYSTAL DI SPLAY DEVI CE HAVI NG TWO METASTABLE STATES ) LTS DRI VI NG
METHOD Field of the Invention This invention relates to a |i gl

~display-device that uses a chiral nematic liquid crystal, and nore part'icu
Jarly it

r

relates to a liquid crystal dishlay device driven by a sinple

matrix driving by utilizing bistable switching and its driving nethod.

Description of the Prior Art Currently, the liquid crystal display devices

bei ng used as display devices for office equipnment, etc., use a tw sted
nematic (TN) liquid crystal or a supertw sted nenmatic (STN) liquid crystal.

For exanpl e,

Hel frich in Appl. Poys. ukehbraBBr(s8itkslRipOtrSYpRIVENG SEPPR6ST and J.
Nehring in Appl. Phys. Lett. 45 (1984) 1021, do not have a nenory effect,

and therefore they are driven by a S|rrple matri x driving method using

vol tage averaging or an active matrix driving nmethod in which a transistor

or

ot her

active elenent is provided at each picture el enent.

Field of the Invention

This invention relates to a 1liquid crystal display device
that uses a chiral nematic liquid crystal, and more particu-
larly it relates to a liquid crystal display device driven by
a simple matrix driving by utilizing bistable switching and
its driving method.

Description of the Prior Art

Ccurrently, the liquid crystal display devices being used as
display devices for office equipment, etc., use a twisted
nematic (TN) liquid crystal or a supertwisted nematic (STN)
liguid crystal. For example, these display systems, which
are described by M. Schadt and W. Helfrich in Appl. Phys.
Lett. 18 (1971) 127 or by T. J. Scheffer and J. Nehring in
Appl. Phys. Lett. 45 (1984) 1021, do not have a memory
effect, and therefore they are driven by a simple matrix

. driving method using voltage averaging or an active matrix

driving method in which a transistor or other active element
is provided at each picture element.

Other systems are being researched in addition to these,
though they have not reached the application stage. For

- example, high speed technologies for voltage averaging are

disclosed in JP-A-59-219720 and JP-A-60-196728, and systems
that utilize bistable switching are disclosed in JP-B-1-
51818, JP-B-3-26368 and JP-A-59-58420.
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& her systenms are being researched in addition to these, though they have
not reached the application stage. For exanpl e, high speed technol ogi es
f.or- vol t age .averagi ng are disclosed in JP-A-59-219720 and JP- A- 60- 196728,
and systens-that utilize bistable switchfng are disclosed in JP-B-1- 51818,
JP- B- 3-26368 and JP- A-59-58420. 2 Problens the Invention is to Sol ve
However, the above prior art technol ogies have the foll ow ng problens. Wen

a tw sted pesplefis! tHe dnfentlion 1is €ol welvly voltage averaging, the ratio
of the voltage VON for selecting the ON condition to the voltage VOFF for
selecting the OFF condition is given by the follow ng equati on where the
nunber of Howeweng ltheesabove\ piidf VEFE techhbeoglies have\ e ] follpylingr]

As can be mtw{‘%eu |4 [ VON/OEFR ap s: 1 as.N becones
| ar ge, theﬁggﬁ%%{ggf rati o aIqit‘%slg‘ﬂ:ec%or{r%(sitl?"icf:elrgl\l/nlgl(a:"ﬁd’j1 é}_ff&?al"h‘? is dFiven ﬁy
voltage averaging, the ratio of the voltage Von for selecting
. the ON condition to the voltage Vorr for selecting the OFF
condition is given by the following equation where the number

of scanning lines is N.
VoN/VoFF = ((Nl/2 + 1)/(N1/2 - 1))1/2

As can be seen from this equai:ion, since Von/Vorr approaches 1
as N becomes large, the contrast ratio falls. Considering
the eleétrooptical characteristics ‘, : | of
current liquid crystai devices, N is limited to approximately
500. Therefore, it is impossible to use this system to
realize display devices for workstations, etc., requiring
high precision displays. Also, the display characteristic is
greatly dependent on the viewing angle, and the switching
time - " -is long.

The technology disclosed in the aforementioned JP-A-60-196728
is aimed at shortening the above switching time. By this

— means, the switching from ON to OFF can be speeded up by
giving the pretilt angle 6; on the lower substrate (angle
formed between the director vector in contact with the liquid
crystal alignment layer on the substrate and the substrate
surface) and the pretilt angle 82 on the upper substrateL{/“:f
opposite signs. Also, the technology disclosed in the afore-
mentioned JP-A-59-219720 is aimed at stabilizing the opera-
ting condition by adding a chiral substance to the liquid
crystal material. However, since the devices of the above
mentioned documents do not have bistability and operate by a
voltage averaging method, they are not suited to high preci-
sion display devices.



the electrooptical characteristics of current
liquid crystal devices, Nis limted to approxi mately 500. Therefore, it
is inpossible to use this systemto realize display devices for

wor kstations, etc., requiring high précision displays. A so, the display
characteristic is greatly dependent on the view ng angle, and the sw tching
tinme Is long. The technol ogy disclosed in the aforenenti oned

JP- A-60- 196728 is_aimed _at shortening witching. ti By this
means, thérdft chAf grnfiFXPﬁcaﬁ t%a%%gcaéfgtégggie/%d%d ‘%fg b")}gﬁllvslr%.ﬁl?he pretilt
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and the s e surface t an on t he upper
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nent i oned j32 A0 isthoteht HrajdleaAt stabilizing the opera- ting condition
by adding a chiral substance to the liquid crystal material. However ,
since the devices of the above nmentioned docunents do not have bistability
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prect - A-4,239,345) has bistability, information that has been writ-
ten can be retained for a 1long period even without using
active elements. However, since switching between the two
stable states is basically performed by rapid cut off of the
applied voltage and its gradual decline over approximately
one second, this technology is not suited to simple matrix
driving and its writing speed is extremely slow. Actually,
JP-B-1-51818 (US-A-4,239,345) only describes the switching
principle and does not disclose a method for simple matrix
driving.

The technology disclosed in JP-A-59-58420 can select whether
to write or not by controlling the applied voltage, but in
order to clear the display, the liquid crystal layer must be
heated until it takes on an isotropic phase. An extremely

high voltage is required for writing.

Also, in these liquid cxiystal__ai-spig?ging bistability or plural
stabilities, the stable state used for display is often not
sufficiently stable - N ; and therefore the
orientation state of the liquid crystal in a condition in
which the power to the device is cut off changes to the
orientation state of the lowest energy. Particularly in
cases in which the initial state such as that used in this
invention and the orientation state used in display are
* different, when write scanning is performed on the initial
orientation state at the time of power up, three orientation
states exist together, though only for a short period, and
degrade display quality.



si on di splay devi ces. 3 Prior art devices having bistability or
multi-stable states are suited to high definition display using nmany scan-
ning |lines when swtching between the netastabes states can be perfornmed
selectively with a suitable voltage wave¥ orm but each has its own inherent
probl ens. For exanple, since the device disclosed in JP-B-1-51818 (US-

A- 4,239, 345) has bistability, information that has been wit- ten can be
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driving and 1ts wiling speed is extrenely slow Actual ly, JP-

(US- A- 4, 238 Y YilEscribes the switching principle and does not
di scl ose a nethod for sinple matrix

Means for Solving the Problems

This object is achieved with a liquid crystal display device
and its driving method as claimed.

Multiplex driving can be performed by using the voltage
applied during the period the selected metastable state is
maintained as a pulse lower than the threshold value in the
two metastable states.

Assuming the directions of rubbing on the pair of transparent
electrode substrates form an angle ®,., the spiral pitch of
the chiral nematic 1liquid crystal is adjusted by adding
chifal material so that the twist angle in the initial state
before voltage is applied is roughly 9®...

Assuming the angles formed by the director vector in contact
with the liquid crystal alignment layer on the substrates and
the substrate surfaces are ©; and ©,, respectively, in the
initial state, ©, and €, preferably have mutually opposite
signs as shown in FIG. 1. That is, if the twist angle of the
initial state of the chiral nematic 1liquid crystal is 180
degrees, then the above two director vectors are roughly

A chiral nematic liquid crystal having two metastable states
different from its initial state as relaxation states means
that assuming, for example, it has a twisted structure with a
twist angle of 180 degrees in its initial state, it has a
structure wherein one twist angle is 0 degree (uniform state)
and the other twist angle is 360 degrees in its metastable
states. Relaxation to one of the metastable states after



driving. The technol ogy disclosed in JP-A-59-58420 can sel ect whether to
wite or not by controlling the applied voltage, but in order to clear the
di splay, the liquid crystal |ayer nust be heated until it takes on an
tsotropic phase. . An extrenely high voldage is required for witing.- Al so,
in these liquid crystal displays having bistability or plural
stabilities, the stable state used for display is often not sufficiently
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performed on the initial orientation state at the tinme of power up, three

orientati Ofhst Bl st exhglel @aM&¥ne tIRIETaDNEYatOr 13 8bRr 1 iRAReRD tSNT80
degrade display quality. .

degrees and can be set to any desired angle. For example, a

liquid crystal display device with a twist angle of 90

degrees in the initial state has a twisted structure wherein

the twist angles in the metastable states are -90 degrees and

270 degrees, respectively, and it has been confirmed experi-

. mentally that switching between those metastable states is

possible.

When the invention is applied to a liquid crystal display
device that performs multiplex driving, the drive voltages
are divided up into the voltage applied in the first period
. to generate Frederick's transition in the liquid crystal, the
voltage applied in the following second period to select one
of the two metastable states and the voltage applied in the
third period, and all are voltage pulses. In the first
period, a voltage pulse with a sufficiently large absolute
value to bring about Frederick's transition can be applied,
and the polarity of the voltage pulse can be changed in the
first period. The voltage applied in the second period is
selected using the critical value that generates one of the
metastable states as a reference, namely the desired
metastable state can be selected by a voltage pulse with a
voltage exceeding the critical value and a voltage pulse not
exceeding the critical value, respectively. When a voltage
pulse whose absolute value is zero, i.e., no voltage, is
applied to the 1liquid crystal element in the second period
following the voltage pulse applied in the first period, one
of the metastable states is formed, and if the absolute value
of the applied voltage pulse exceeds zero but does not exceed
the critical wvalue, the same state is set. However, if a
voltage pulse is applied in the second period whose absolute



4 The invention is intended to solve the above problens, and its purpose is
to offer a high definition, high precision liquid crystal display device
that can be driven by sinple matrix driving. Means for Sol ving the Probl ens
This object is achieved with a liquid croystal display device and its
driving nethod as clainmed. Miultiplex driving can be perforned by using the
vol tage applied during the period the selected netastable state is
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el ectrode mji&staebm state ais afegrederr], the spi raI pitch of the chiral
nematic liquid crystal is adjusted by adding chiral material so that the

twist angle in the initial state before voltage is applied is roughly
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the |iqui g,/ dugiidl agbd 9N BWolXge pl1kBews¥RShhahBSodl#e value greater
than both the threshold value in the initial state and those
in the two metastable states is applied. In the second
period, which follows the first period, a voltage pulse is
applied for selecting one or the other arrangements of the
two metastable states for the liquid crystal molecule arran-
gement. A voltage pulse with the opposite polarity or same
polarity as the polarity of the voltage pulse applied imme-
diately before the second period, i.e., at the end of the
first period, or with an absolute value of zero is selected

‘for this voltage pulse.

When the twist angle of the liquid crystal molecules in the
initial state is ®, the twist angles in the two metastable
states generated as relaxation states after applying a pulse
voltage group in the initial state are roughly ($-180
degrees) and ($+180 degrees), and by applying a voltage
. pulse, whose absolute value exceeds the critical value gnd
whose_polarity is opposité:that of the pulse applied at the
end of the first period, immediately after establishing the
first period in which the voltage pulse group that generates
a Frederick's transition in the -initial state and two
, metastable states is applied, an orientation state whose
twist angle is roughly ($-180 degrees) is selected, while
applying a voltage pulse whose absolute value does not exceed
the critical value ; fﬁ. . .. . or whose
absolute value is zero makes it possible to select an orien-
tation state whose twist angle is roughly ($+180 degrees).

The third period is established immediately after the second
period. The absoclute value of the voltage pulse applied in
the third period has a value lower than the threshold value



t he substrate surfaces are [err] and [err], respectively, in the initial
state, [err] and [err] preferably have nutually opposite signs as shown in
FIG 1. That is, if the twist angle of the initial state of the chiral
nematic liquid crystal is 180 degrees, 7then the above two director vectors
are roughly A chiral nematic liquid crystal having two netastable states
different fromits initial state as rel axation states neans that assum ng,

for exanple, it ha tw st structure w a ,S1 e e es
inits i nE¥EE1Gat %“Y?e%aggﬁ Réf"f’u&e&rag\@ﬁ%’gfei%t\gﬁlees %tmgéﬁﬂg%g %Ih%
degree (useflectest aleasttabldestattear twi st angle is 360 degrees in its
met ast abl e states. Rel axation to one of the netastable states after 5
Frederick's transition depends on the waveform of the applied pul se
vol t age, actilomt h netastable states have the property of spontaneously
relaxing to the initial state. The twist angle [err] in the initial state

Is not limted to 180 ) . \
Below is an explanation of the relationship between

. Frederick's transition and the metastable state selected fol-
lowing it. FIG. 29 (a) shows an example of the waveform of
the voltage pulse applied. in the first period T; and the
second period T,. In the figure, the voltage of the voltage
pulse applied in T, is V, and the voltage of voltage pulse
applied in T, is V,. Their relationship is shown in (a) of
the same figure, where |V,| is the vertical axis and V, is
the horizontal axis and the metastable states of a chiral
nematic liquid crystal, which has a 180-degree twisted struc-
ture in its initial state, are shown in areas a,, a,, which

; show a metastable state of a twist angle of 0 degree, and in
areas by, by, bj (hatched areas), which show a metastable
state of a twist angle of 360 degrees. Notice that
metastable states also exist in areas by, by. V, is the vol-
tage (reset voltage) required to bring about Frederick's

* transition, and Vipqr Vips indicate the critical values for

- the state in aj, a, and the state in b,-bs, respectively.
When
Vel > Vg and |Vipq| < |[Vg] < | Vena |
in (b) of the same figure, then the metastable states of a,,

- a, are selected, and when

(v > Vo, and |Vw| < ]Vthll

e

or

Vel > Vg and [V, > |Vipol



degrees and can be set to any desired angle. For exanple, a liquid crystal
di splay device with a twist angle of 90 degrees in the initial state has a
tw sted structure wherein the twist angles in the netastable states are -90
degrees:.and 270 degrees, respectively, ahd it has been confirnmed experi-
mental ly that switching between those netastable states is possible. Wen
the invention is applied to a liquid crystal display device that perforns

mul ti pl ex Lvin t.he drive v ge r L V] pJ t vpl tage .
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the netastabéeestit esmiosd tnéwt erance salattled t he delér esither metastable
state. Fig. 29 illustrates a case in which two critical
values exist, but the existence of three or more critical

values is possible.

In this invention, either metastable state can be created by
selecting the effective voltage for the voltage pulse applied
in the second period using the respective critical values of
Vihir Vipy above as a reference. Therefore, a case can be
considered in which either area a; (a,) or b, is selected
using the above critical value |[Vi,,| as a reference. Also,
a case can be considered in which either area a; (a,) or by
(b;) is selected using |Vi,,| as a reference. That is, it is
possible to select one of the metastable states in the second
period by applying either a voltage that is higher than the
critical value or a voltage that is lower than the critical
value using the critical values that generate the two
- metastable states as a reference.

The switching principle of the liquid crystal display device
of the invention is explained below. The bistable 1liquid
crystal device disclosed in the aforementioned US-A-4,239,345
(D. W. Berreman) does not perform matrix driving, but it does
explain the bistable state as follows. If a voltage suffi-
ciently large enough to bring about Frederick's transition is

.. applied, the liquid crystal molecules in the middle part of
the liquid crystal layer (distance from lower substrate sur-
face = liquid crystal layer thickness/2) stand at an angle of
abaout 920 degrees with respect to the substrate surface (this
state is referred to as the reset state). If the applied

. voltage is gradually lowered over about one second following

.



nmet astabl e state can be selected by a voltage pulse with a voltage
exceeding the critical value and a voltage pul se not exceeding the critical
val ue, respectively. Wien a vol tage pul se whose absol ute value is zero,
i.e., no voltage, is.applied to the liq® d crystal elenent in the second
period follow ng the voltage pulse applied in the first period, one of the
netastable states is forned, and if the absolute value of the applied
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in the twyuRlast apketfkalfphiedPRiieihe is!But NEFECEUMienly, however,
the liquid crystal molecules in the middle move in a direc-
tion opposite that when the voltage is gradually lowered due
to the flow effect of the 1ligquid crystal. D. W. Berreman
referred to this phenomenon as backflow. Since the 1liquid
. crystal molecules in the middle continue to move in the oppo-
site direction and lay down in a direction opposite that of
the liquid crystal molecules near the substrate surface, they
relax in a 360-degree twisted state. The selection of two
bistable states is performed by this principle, but since the
" voltage must be lowered gradually over about one second to
achieve relaxation in the uniform state, this technology had
no practical application. That is, it was theoretically
impossible to apply it to high speed switching by performing
multiplex driving in a liquid crystal display device.

' However, research by the present inventors revealed the fol-
lowing. That is, by applying a suitable voltage after reset-
ting, backflow occurs and the liquid crystal molecules begin
to relax to a 360-degree twisted state, but then the direc-
tion orientation change reverses and they begin to return to

" the original uniform state. If that voltage is larger than
a certain value, then they continue to relax to the uniform
state, but if it is smaller than a certain value, then their
direction of orientation change reverses again and they relax
to the 360-degree twisted state. The inventors discovered
that this value exists as a critical value. This was confir-
med by simulations as well as experimentally. The inventors
arrived at the invention by taking advantage of this newly
discovered phenomenon.

A liquid crystal electrooptical element of the invention ope-
rates as follows. After resetting, a pulse voltage is super-

&



period, which follows the first period, a voltage pulse is applied for
sel ecting one or the other arrangenents of the two netastable states for
the liquid crystal nolecule arran- genent. A voltage pulse with the
-opposite polarity or sane polarity as tB@ polarity of the voltage pul se

applied ime- diately before the second period, i.e., at the end of the
first period or mﬁth an absolute value of zero is selected for this
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whi | e liquid crystal molecules relax to a 360-degree twisted state

according to the process described above. Since switching

can be performed by adjusting the magnitude of the pulse vol-

tage in this manner, extremely fast switching becomes possi-

ble, thus facilitating application to high precision dis-

plays. Of course, the liquid crystal electrooptical element

of this invention and the liquid crystal electrooptical ele-

* . ment disclosed by D. W. Berreman are completely different.

The difference between the two is summed up in the operating
principle described above.

The spectral ‘' characteristic of the invention is explained
using the 1liquid crystal display device disclosed in the

. eighth embodiment described below. FIG. 30 shows the
spectral characteristic when an ON condition is selected by
switching. The wavelength is plotted on the horizontal axis
while the transmittance is plotted on the vertical axis. The
plot indicated by A in Fig. 30 is for the element used in

. this embodiment with a cell gap of 1.8 um. A flat characte-
ristic is obtained in a broad wavelength range of visible
light, thus indicating good white display. The plot indica-
ted by B in the same figure is the spectral characteristic
when a cell gap of 20 um is used and is provided for the sake
of comparison. The presence of plural peaks indicates that
display is colored. Therefore, the element used in this
embodiment of the invention is superior with respect to the
purity of display color.

Next, the dependency of transmittance on the viewing angle in
the display element of the invention is shown in FIGS. 31 and



.applying a vol tage pul se whose absol ute val ue does not exceed the critical
val ue or whose absolute value is zero nakes it possible to select an
orien- tation state whose twist angle is roughly ([err]+180 degrees). The
-third period is established i mediatel yldfter the second peri od. The~
absol ute val ue of the voltage pulse applied in the third period has a val ue
| ower than the threshold val ue 7 existing between the two netastable

states and .nain ns c é%ﬁg c
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line. FIG. 32 shows similar plots when the viewing angle is
changed in a direction perpendicular to that in FIG. 31. The
change in transmittance when ON is small in the axial direc-
tion of the 1liquid crystal molecules and in the direction
perpendicular to it (E in figure), and there is no inversion
of display in a range of %50 degrees. F in the figure indi-
cates transmittance when OFF. The above viewing angle
characteristic was obtained in this embodiment with a pretilt
angle of about 5 degrees at the substrate interface, but for
the sake of comparison, the characteristic for a pretilt
angle of 45 degrees at the substrate interface is shown in
FIGS. 33 and 34. 1In the figure, the plots indicated by G
and I are when ON and the plots indicated by H and J are when
OFF. The contrast ratio becomes 1 in a direction approxi-
mately 30 degrees from the substrate normal line in the axial
direction of the 1liquid crystal molecules (FIG. 33). In a
direction perpendicular to this, inversion of the display
occurs at a position at approximately *40 degrees (FIG. 34).
Therefore, the effectiveness of the display element used in
an embodiment of the invention can also be seen from the
standpoint of the dependency of transmittance on the viewing

angle.

Preferred embodiments of the invention will be explained in
further detail below with reference to the drawings.

Brief Description of the Drawings

FIG. 1 is a cross section showing the structure of the liquid
crystal display device of an embodiment.

FIG. 2 is a diagram showing the optical response correspon-
ding to the driving waveforms of an embodiment.



applied in T[err] is V[err]. Their relationship is shown in (a) of the
sanme figure, where |V[err]| is the vertical axis and V[err] is the

hori zontal axis and the nmetastable states of a chiral nematic liquid
trystal, which has a 180-degree twisted Bruc- ture inits initial state,
are shown in areas a[err], a2, which show a netastable state of a tw st
angle of O degree, and in areas bl, b2, b3 (hatched areas), which show a

metast abl epgLat g g{ adﬂé e SHW £h%3@8VfQ§Sr nsé*%éffé%%gﬁl

netastable s ate so eX| I'n areas

(reset voltage) re@]mqewtbhgrdhgvmwaw%@msc«f f£n r%lh‘%?@l-wtand Vt hi,
Vth2 indicate the critical values for the state in al, a2 and the state in
bl-b3, respectively. Wen |Ve| > V[err] and | Vthl] AVM¢ < |vth2|.in (b)
of the sanBl®i gdrelSt Rerfidgramt 85t M §%§F%étoff°§l EViRg feccliguidng

when | Ve| > V[err]c@apetd VWhispldy hdévise |o€|arr efisddimene. | VW > | VEh2|

FIG. 5 is a diagram of the driving waveforms of an embodi-

ment.

FIG. 6 is a diagram of the driving waveforms of an embodi-
ment.

FIG. 7 is a diagram of the driving waveforms and the optical
response of an embodiment.

FIG. 8 is an explanatory diagram of the timing of the applied
voltage waveforms.

FIG. 9 is a diagram of the driving waveforms of an embodi-

ment.

FIG. 10 is a diagram of the driving waveforms of an embodi-
ment.

FIG. 11 is a diagram of the driving waveforms and the optical
response of an embodiment.

FIG. 12 is an explanatory diagram of the timing of the
applied voltage waveforms.

FIG. 13 is a diagram of the driving waveforms of an embodi-

ment.

FIG. 14 is a diagram of the driving waveforms of an embodi-
ment.



.8 then it indicates that the netastable state of bl-b3 is selected.

In the embodi nents descri bed below, the state of al in the first to the
sixth enbodi ments and the states of al and a2 in the seventh to the ]
el eventh enbodi ments are selec- ted as drfe netastabl e state, while the
state of b2 in the first to the tenth enbodi nents and the state of b3 in
the el eventh enbodi nent are selected as the other netastable state. Fig.

29 illustr@ies fschgeai Bivhirah O thel Wridlingakeerorns! andlitideoppdisdEnce
of three or nore critical values is possible. In this invention, either
met ast abl e state EAFPRRNKS L AP KR INEM g the effective voltage for the
vol tage pul se applied in the second period using the respective critical

val ues of VMthl, VWth2 aboye as _a referencg., . Therefore case_can ,be,.
consi der eF%%r whf cASeid HetaEr 2% 8? %é?) ‘%Avbl?g‘l NENS OC)%% 05 RY (HPSove
critical value | Vineljt.as a reference. Al so, a case can be considered in
which either area aferr] (a2) or b[err]

FIG. 17 is a diagram of the driving waveforms of an embodi-

ment.

FIG. 18 is a diagram of the driving waveforms and the optical

response of an embodiment.

FIG. 19 is an explanatory diagram of the timing of the
applied voltage waveforms.

FIG. 20 is a diagram of the driving waveforms of an embodi-
ment.

FIG. 21 is a diagram of the driving waveforms and the optical

response of an embodiment.

FIG. 22 is an explanatory diagram of the timing of the
applied voltage waveforns.

FIG. 23 is a diagram showing the temporal configuration of an
embodiment.

FIG. 24 is a diagram of the driving waveforms of an embodi-
ment.

FIG. 25 is an explanatory diagram -of the timing of the
applied voltage waveforms.

FIG. 26 is a diagram of the driving waveforms of an embodi-

ment.



.(b3) is selected using |Vth2| as a reference. That is, it is possible to
sel ect one of the netastable states in the second perlod by applying either
a voltage that is higher than the critical value or a voltage that is |ower
-than the critic¢al value using the critid# values that generate the two
nmet ast abl e states as a reference. The switching principle of the liquid
crystal display device of the invention is explained bel ow The bistabl e

liquid crystal gdevige d'éﬂ%&? LP the afrmgsg aQ%?BxH% Psé, 3R e diR W

Berr eman) “do€s not per orm rix driving, es explain the bistable
state as follows. mentf. a3 voltage suffi- ciently |arge enough to bring about
Frederick's transition is applied, the liquid crystal nolecules in the
m ddl e part of the liquid, crystal |ayer (distance fr n1|o { substrate sur-
face = |i G c2Ysisl 3 JERIFARCRAGYING) ey RieqtrgfiengPR b‘ﬁuﬁﬁglﬁ?n%’
degrees with respagt dibddigesithstrate surface (this state is referred to as
the reset state). If the applied voltage is gradually | owered over about
one second foll ow ng

FIG. 29 is a diagram showing the selection areas of the

metastable states of the invention.

FIG. 30 is a graph showing the optical characteristic of an

embodiment.

FIG. 31 is a graph showing the optical characteristic of an

embodiment.

FIG. 32 is a graph showing the optical characteristic of an

embodiment.

FIG. 33 is a graph showing the optical characteristic of an

embodiment.

FIG. 34 is a graph showing the optical characteristic of an
embodiment.

The invention is explained in detail below through specific
embodiments. FIG. 1 is a cross section of the liquid crystal
display device. In the figure, 1 are liquid crystal molecu-
les, 2 is an alignment layer, 3 is an insulating film, 4 are
transparent electrodes, 5 are glass substrates, 6 is a flat-
tening layer, 7 are polarizing plates, 8 is a masking layer
between picture elements, and 6; and 6, are the pretilt
angles of the liquid crystal molecules at the interface. A
cell fabricated by forming ITO transparent electrode patterns
4 and applying polyimide alignment layers 2 on glass sub-
strates 5, rubbing the surface, and disposing the substrates

%



9 this, then the liquid crystal nolecules in the mddle reverse the process
of orientation change when the voltage was applied and relax to a state
parallel with the substrate. The orientation state obtained in this manner
is the uniformstate. If the applied vol®age is cut off suddenly, however,
the liquid crystal nolecules in the mddle nove in a direc- tion opposite
that when the voltage is gradually |owered due to the flow effect of the

liquid cryspgbsite Deadh Behe® e thekel %stiQ'eHhig%gowm &6 Qﬁft‘féﬂ)g&ev-

Since the liquid crystal nolecules in the mddl e Ccontiinue to nove I1nt
oppo- sit SRATYES | RS an8efay down in a direction opposite that of the
liquid crystal nolecul es near the substrate surface, they relax in a

360- degr ee_ i wi st]§m s(%ate. The selection of two bistable states is
per f or rrede%Jyr?%' PAHReBFe, but since the vol tage nust be | owered
gradual |y over about one second to achieve relaxation in the uniformstate,

DL, LR OB 19, BASVE Lm0 Feron BhrbBren' 28hant crot o
added to the liquid crystal material (Rodic K.K., Ppn = 0.1),
which demonstrates a nematic phase at room temperature, to
adjust it to a helical pitch p of 3.2 um. The cell comprised
polyimide alignment layers rubbed in opposing parallel direc-
tions (180 degrees) on the upper and lower substrates separa-
ted by a gap d of 2.0 um. When the above 1liquid crystal
material was infused, the interface pretilt angles near the
upper and lower substrates were approximately 4 degrees with
opposite signs, and since p/4 < d < 3p/4, the orientation of
the 1liquid crystal molecules took on a 180-degree twisted
state with a helical axis in the normal direction of the
substrate. The structure of a similar liquid crystal display
element is outlined in FIG. 1. We sandwiched the sample
obtained in this manner between two polarizing plates whose
polarizations were roughly perpendicular to each other,

- applied the driving waveforms of the invention on the
electrodes and evaluated the optical characteristic.

The driving waveforms of this embodiment are shown in FIG. 2.
In the figure, 201 is the scanning electrode waveform, 202 is
the signal electrode waveform, 203 is a composite waveform of
» 201 and 202, and 204 is the optical response when 203 is
applied to the 1liquid crystal display element. Also, t,
indicates the frame (scanning time for one screen) when OFF
(i.e., dark state) is selected and t; and t;' indicate the
frames when ON (i.e., bright state) is selected. tp1 and t,4
* correspond to selection periods, while toar to3 and t,,, t,,
correspond to nonselection periods. At the end of the non-
selection period, a period is established in which a voltage
pulse such as £(Vy + V,) in to3 and v, in t;5 and t,3' whose
absolute value is greater than the threshold value of the



fultiplex driving in a liquid crystal display device. However, research by
the present inventors revealed the fol- lowing. That is, by applying a
suitabl e voltage after reset- ting, backflow occurs and the liquid crystal
ol ecul es begin to relax to a 360-degreel&wi sted state, but then the direc-
tion orientation change reverses and they begin to return to the original

uni form st at e. If that wvoltage is |arger than a certain value, then they
continue 10 &l 3‘1 té‘e HRET QrRale, vRMe ! ffoE:I 4 SreERkEEEKI AN dﬁ&{.]la' n
val ue, then their dir

ection of orientation reverses agaln an
rel ax to twomboigeqrrlied stedbyiage abOUMeFF?Fg%ﬁ@F s dF§éB§éFéGnt- hatIn h| s

val ue exi sggr aéeﬁeéthbhcﬁﬂrdﬁﬂ Ue. , Tﬂfﬁei‘\’a%héonf('vr PYOﬁ" e atv@ma
wel | as ex er|nenta ly.. The jnve tors arrived at *t he %ventlonlb taqug

advant age PH1$%i isn&RRLiGd Hradia tiiehhekrre ?@%?ﬁﬁ}ﬁncpﬁgﬁaﬁ t01 an
el ect rooptme@deﬁ@}ere@t tQ%ntsH.‘tiiohveirﬁiBﬁo@@Et adbat,ax fphloeswhbkeervol-

resetti ng’tagé) ﬁsoi{ aggl{lg i%pﬁr is applied and the dark state selec-
ted in selection period tg,;. In nonselection period toyr @
pulse whose voltage absolute value is lower than the thres-
hold value of the element is applied, thus maintaining the
dark state. In ON s‘election frame tl, a pulse ("VZ) with a
polarity opposite that of the pulse applied immediately
before it is applied in selection period t;, and the bright
state (metastable state different from that in the case of
ty) is selected. Since a pulse whose voltage absolute value
is lower than the threshold value of the element is applied
in nonselection period t,,, the bright state is maintained.
When the element was operated at 30°C and with Vqy = 34.0 V,
Vo = 1.7 V and pulse width P, = 700 pus, the transmittance of
the bright state was 44 percent (here and in the following
the percentage of the transmittance is based on a transmit-
tance of 100 percent when the two polarizing plates are dis-
posed on the same optical system with their polarization axes
parallel) and the contrast ratio between the two states was

- 65.

Second Embodiment

The driving waveforms applied to the liquid crystal display
device in the second embodiment are shown in FIG. 3. In the
figure, 301 is the scanning electrode waveform, 302 is the
signal electrode waveform, 303 is a composite waveform of 301
and 302, and 304 is the optical response when 303 is applied
to the liquid crystal display element. t; and t,' indicate
frames (scanning time for one screen) when OFF (i.e., dark
state) is selected, and t; and t;' indicate frames when ON
(i.e., bright state) is selected. 1In t; and t,, tgy; and t,,
correspond to selection periods and toas toy and t;,, t4,

%



-10 posed on the applied bias voltage. Though backfl ow defini- tely occurs
after resetting, if the peak value or duration of the pulse voltage is
greater than a certain value, then the direction of orientation change
-reverses and the original process is follZlowed so that the liquid crystal

nol ecules relax to the uniformstate. If the peak value or duration of the
pul se voltage is |lower than a certain value, however, the liquid crysta

I I I t 360: tgat
Gescr | bed SgPonds g nEREpEReRbR, B ToREY T 0h gt%gﬁdgﬁsﬁ%n‘%f therd

gnltudeaﬁ tme pudsefvdhethﬂSQIEQﬂanrn#ﬂkgdse&ﬁrﬁhép veditagh Mg
becones p hyls fag |Ii£a£|ngaﬁPvacaL|9n ta nghdﬂaggsaggbrugg
pl ays. cour se, e 1| ect?oopt cal ment = of

uid crysPal
i nvent i on V&idletsneareqmr@ag?%rst thae| & depreshnledl ¥2lhentoki SRPoSIPIRND.

W Berrempi.ar 25691104 e Yol hdeadout Tﬂ.@edhrfifcﬁ{@CErbﬁEMQant he fwo OFF
summed up 1 n the operating prlncbgie degcrlbedégbove

¥ ! ﬁ ggectral s 0
char act er is&ligetdon HFang ehot of gRplarfgavVasrag tﬁg PiY @ﬁ%ﬁ
di spl ay dey cgpgiseliospd iseldetion period tj,, and the dark state is

selected after a voltage pulse (-Vy in FIG. 3) whose absolute
value is greater than the threshold value of the element is
applied immediately before selection period t,; to bring
about Frederick's transition. In nonselection period tg,, a
pulse whose voltage absolute value is lower than the thres-
hold value of the element is applied, thus maintaining the
dark state. During ON selection frame t,, a pulse (-V,)

. whose polarity is opposite that of the pulse applied immedia-
tely before it is applied in selection period t,; and the
bright state is selected. In nonselection period t,,, a
pulse whose voltage absolute value is lower than the thres-
hold value of the element is applied thus maintaining the
bright state. When an element same as in the first embodi-
ment was operated at 30°C and with Vv, = 36.0 V, V, = 1.8 V
and pulse width P, = 1.0 ms, the transmittance of the bright
state was 44 percent and the contrast ratio between the two
states was 68. Also, the polarity of the applied waveform is
inverted in two temporally adjacent frames in this embodi-
ment, thereby avoiding an excessive DC component to be
applied to the element.

Third Embodiment

An optically active compound (E. Merck, Darmstadt, S811) was
added to the 1liquid crystal material (E. Merck, Darmstadt,
ZLI-1557), which demonstrates a nematic phase at room tempe-
rature, to adjust it to a helical pitch p of 3.5 pum. The
cell comprised polyimide alignment layers disposed on a scan-
ning electrode group and signal electrode group formed from
" ITO and rubbed in opposing parallel directions (180 degrees)



.eighth enbodi nent described below FIG 30 shows the spectral
characteristic when an ON condition is selected by swtching. The

wavel ength is plotted on the horizontal axis while the transmttance is .
-plotted an the vertical axis. The plot #Bdicated by Ain Fig. 30 is for the
el ement used in this enbodinent with a cell gap of 1.8 [err]m A flat

char acte- ri stic is obtained in a broad wavel ength range of visible |ight,

thus indig 't'i'x% %"’“éﬁ & 9bwot aYupd \A?;E’égt séﬁQf&@edtS?' QYg§p| B e sa®

flgurels espe aracteristic en a cel [err]mis used

and is prgwi.dedVhien the adleveofl ignrigargmaystal %‘ée]fﬁ%%eﬂéﬁ éPfHFGFiaI theaks
i ndi cat es httl%trf%' né% et $1€0hAEEEs nedber@Onfppert NEnel e6RBE @B tratdy S

enbodi nment ntion is superior wth respe to the purity af
di spl ay c¥ese mxoxmeta&mﬁd&ﬁgf%ﬁs tYHHR Qﬁ&% CorPtHE i BMFNF TS e
in the di %9'461)& d e/ Of the brventation Soshthe LhqRi@Scrystaidmoled-

FlG 31s %sts tto%?c torriinsm gEaQegree ng\kég s{'}a{:' gurg}l a helical axis in
the normal direction of the substrate. The structure of the
liquid crystal display element is the same as that outlined
in FIG. 1. The element of this configuration generates two

. metastable states with roughly a O0O-degree twisted (uniforin)
state and roughly a 360-degree twisted state depending on the
applied driving waveforms. We sandwiched the 1liquid crystal
panel obtained in this manner between two polarizing plates
and fabricated a liquid crystal display device using the cir-

. cuit configuration shown in FIG. 4 to confirm the effective-
ness of the invention. In the figure, 11 is the liquid cry-
stal panel, 12 is a backlight used as the illumination means,
13 is the drive circuit (shift registers, logic circuit) for
applying voltage to the scanning electrode group of liquid
crystal panel 11, 14 is the drive circuit (shift registers,
latches, logic circuit) for applying voltage to the signal
electrode group, 15 is a reference signal generation circuit,
and 16 is a 1line-sequential scanning circuit (ROM, control-

ler).

The driving waveforms of this embodiment are shown in FIG. 5.
In the figure, 201 is the scanning electrode waveform, 202 is
the signal electrode waveform, and 203 is a composite wave-
form of 201 and 202. t,; and t, indicate frames (scanning
time for one screen) in which a 360-degree twisted state
. (i;e., OFF) and a uniform state (i.e., ON) are selected,
respectively. tg, and t,,; correspond to selection periods,
while tg,, to3 and t,,, t;3 correspond to nonselection
periods. At the end of the nonselection periods, a period is
established in which a voltage pulse such as *(V; - V3) in
to; and *(V; + V;) in t,,; whose absolute value is greater
than the threshold value of the element is applied to bring



.and the transmttance when OFF (D in figure) when the viewing angle is
inclined in the axial direction of the liquid cry- stal nolecules at the

interface fromthe substrate normal line. FIG. 32 shows sinilar plots when
-the viewing angle is changed i'n a directPon perpendicular to that in FIG
31. The change in transmttance when ONis small in the axial direc- tion

of the liquid crystal nol ecul es and in the direction perpendicular to it (E

in figure and e f displ f
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this, |n\L/)ers|8n t?éth% db& Isgywhgase voltage absolute wvalue is lower
than the threshold value of the element is applied, thus
maintaining the same state. In ON selection frame t,, ‘a
pulse (-V, - Vj3) with a polarity opposite that of the pulse
applied immediately before it is applied in selection period
i1 and the ON state is selected. Since a pulse whose vol-
tage absolute value is lower than the threshold value of the

. element is applied in nonselection period t,,, the same state
is maintained. When the element was operated at 30°C and
with v, = 30.0 V, V, = 1.0 V, V53 = 1.5V, pulse width P, =
250 pus, and a duty ratio of 1/400 (ty; = t;; = 500 us, ty =
t, = 400 x 500 us), selective switching of the element des-
cribed above was possible.

Fourth Embodiment

Other driving waveforms applied in the liquid crystal display
device of the third embodiment are shown in FIG. 6. In the
figure, 301 is the scanning electrode waveform, 302 is the
- signal electrode waveform and 303 is a composite waveform of
301 and 302. ty and t, indicate frames (scanning time for
one screen) in which a 360-degree twisted state (i.e., OFF)
and the uniform state (i.e., ON) are selected, respectively.
tyq and t;,; correspond to selection periods, and ty,, ty3 and
- tyar t43 correspond to nonselection periods. At the end of
the nonselection periods, a period is established in which a
voltage pulse such as *(V; - V;) in tg; and £(V; £ Vy) in t4,
whose absolute value is greater than the threshold wvalue of
the element is applied to bring about Frederick's transition.
In OFF selection frame t,;, after a voltage pulse (not shown)



occurs at a position at approximately 40 degrees (FIG 34). Therefore, the
ef fecti veness of the display elenent used in an enbodi nent of the invention
can al so be seen fromthe standpoint of the dependency of transm ttance on
the viewi ng angle. Preferred enbodi nent 2bf the invention will be explained
in further detail below wth reference to the drawi ngs. Brief Description
of the Drawings FIG 1 is a cross section show ng the structure of the

U e phle CLRRL ke £R,0" 180 ANV U BripoRodendr gy N

the optic F'eSponse “correspon- I'Vi ng wave
enbodi nentthe eﬂ@mrt; isi samplii%ryramgﬁéwtﬁéﬁ H@eﬁgm célele@§p@mseperlod

correspon-¢ di n&’naOFI:'Qae?ﬁ'c\k' 39 t}ﬁ%\‘x%fﬂ&% qk ¥pourdiaBpit, | Gurlséd Swith

di agr am of e clrcuit_ftor driving t iquid crystal displa devi ce of an

enbodi nentthe same polarity and whose voltage absolute value is 0 is
. applied and the OFF state selected in selection period to1-
In nonselection period toar 2 pulse whose voltage absolute
value is lower than the threshold value of the element is
applied, thus maintaining the same state. In ON selection
frame t;, a pulse (-V,) with a polarity opposite that of the
pulse applied immediately before it is applied in selection
period t;, and the ON state is selected. Since a pulse whose
voltage absolute value is lower than the threshold wvalue of
the element is applied in nonselection period t,5, the same
state is maintained. The driving waveforms of this embodi-
ment are equivalent to those in the third embodiment where V,
= V3. When the element was operated at 30°C and with vV, =
30.0 V, V, = 1.0 V, V3 = 1.0 V, pulse width P, = 250 us, and
a duty ratio of 1/400 (tgy = t17 = 500 ps, ty = t; = 400 x
500 us), selective switching of the element described above
was possible. The optical response corresponding to the
driving waveforms when operated with polarizing plates, where
a 360-degree twisted state is the dark state and the uniform
state is the bright (light transmission) state, is shown in
FIG. 7. In the figure, F, and F, indicate OFF selection
frames, F, and F; indicate ON selection frames, and T;, T,,
T, and T, are each selection periods. The light transmit-
tance in the bright state with this optical arrangement was
72 percent, and the contrast ratio between the two states was

68.

* FIG. 8 shows the timing of waveforms applied to selected
adjacent scanning electrodes when the driving waveforms of
the third embodiment and this embodiment are applied to a
matrix comprising plural electrodes and line-sequential scan-

ning is performed.



.FIG 5 is a diagramof the driving waveforns of an enbodi- nment. FIG 6 is
a diagramof the driving waveforns of an enbodi- nent. FIG 7 is a diagram
of the driving wavefornms and the optical_ response of an enbodinent. FIG 8
-is an explanatory di agramof the timi ng’&f t he applied voltage wavef orns.
FIG 9 is a diagramof the driving waveforns of an enbodi- nment. FIG 10 is
a diagramof the driving waveforns of an enbodi- nent. FIG 11 is a diagram
of the dripjfg, VBNSEQiAEnaNd the optical response of an enbodinent. FIG 12
is an explanatory diagramof the timng of the applied voltage wavef orns.
FIG 13 is a diagramof the driving waveforns of an enbodi- nent. FIG 14

i s a di agr@re of ot shols votBeva \@fiaritky ovaveferbediappided. in the liquid

crystal display device of the third embodiment. In the
figure, 601 is the scanning electrode waveform, 602 is the
signal electrode waveform and 603 is a composite waveform of
601 and 602. ty, and t4 indicate frames (scanning time for
one screen) in which a uniform state (i.e., ON) and a 360-
degree twisted state (i.e., OFF) are selected, respectively.
tgy and t;, correspond to selection periods, and tg,, tg; and
RITY ti3 correspond to nonselection periods. At the end of
the nonselection period, a period is established in which a
voltage pulse such as *(V; + Vj) in ty3 and *(Vy - V3) in i3
whose absolute wvalue is greater than the threshold wvalue of
the element is applied to bring about Frederick's transition.
In ON selection frame ty, after a voltage pulse (not shown)
whose absolute value is greater than the threshold wvalue of
the element is applied immediately before selection period
tgp and Frederick's transition is brought about, a pulse with
opposite polarity and whose voltage absolute value is |V, +
V2| is applied and the ON state selected in selection period
tgy1- In nonselection period t,,, a pulse whose voltage abso-
lute value is lower than the threshold value of the element
" is applied, thus maintaining the same state. In OFF selec-
tion frame t;, a pulse (-V; + V,) with the same polarity as
that of the pulse applied immediately before it is applied in
selection period t,; and the OFF state is selected. Since a
pulse whose voltage absolute value is lower than the thres-
hold value of the element is applied in nonselection period
t,,, the same state is maintained. When the element was ope-
- rated at 30°C and with Vv, = 30.0 V, V, = 1.0 V, V3 = 1.5 V,
pulse width P, = 400 us, and a duty ratio of 1/400 (tgy = tq,
= 400 us, ty.= t; = 400 x 400 us), selective switching of the
element described above was possible. Also, the polarity of
the applied waveform is inverted in two temporally adjacent
" frames in this embodiment, thereby avoiding an excessive DC
component to be applied to the element.



-13 FIG 15 is a diagramof the driving waveforns and the optical response
of an enbodinent. FIG 16 is a diagramof the driving waveforns of an
enbodi - nent. FIG 17 is a diagramof the driving wavefornms of an enbodi -
-ment. FIG 18.is a diagram of ‘the drivi R§ waveforms and the opti cal
response of an enbodinent. FIG 19 is an explanatory diagramof the timng
of the applied voltage waveforns. FIG 20 is a diagramof the driving
mavefornssq&tﬁPE%gQEQMeﬁgwn. FIG 21 is a diagramof the driving waveformns
and the optical response of an enbodinment. FIG 22 is an explanatory

di agram of the timng of the applied voltage wavef orns.

FIG. 10 shows other driving waveforms applied in the liquid
crystal display device of the third embodiment. In the
figure, 701 is the scanning electrode waveform, 702 is the
signal electrode waveform and 703 is a composite waveform of
701 and 702. ty and t4 indicate frames (scanning time for
one screen) in which a uniform state (i.e., ON) and a 360-
degree twisted state (i.e., OFF) are selected, respectively.
ty; and t,; correspond to selection periods, and tg,, tg; and
t1or ti3 correspond to nonselection periods. At the end of
the nonselection periods, a period is established in which a

voltage pulse such as *(V, + V,) in tg5 and *(Vy - V,) in tq,

whose absolute value is greater than the threshold value of

the element is applied to bring about Frederick's transition.

In ON selection frame t,, after a voltage pulse (not shown)

whose absolute value is greater than the threshold value of

the element is applied immediately before selection period

ty1; and Frederick's transition is brought about, a voltage

pulse (=-2V,) with a polarity opposite that of the pulse

: applied immediately before it is applied and the ON state
selected in selection period ty;. In nonselection period

tgyyr @ pulse whose voltage absolute value is lower than the

- threshold value of the element is applied, thus maintaining
the same state. In OFF selection frame t,, a pulse whose

. voltage absolute value is 0 is applied in selection period

t;; and the ON state is selected. Since a pulse whose

voltage absolute value is lower than the threshold wvalue of

the element is applied in nonselection period t,,, the same

state is maintained. The driving waveforms of this embodi-

- ment are equivalent to those in the third embodiment where V,

= Vj. When the element was operated at 30°C and with vV, =

30.0 V, V, = 1.0 V, pulse width P, = 400 us, and a duty ratio

of 1/400 (tgq = t;; = 400 us, ty, = t, = 400 x 400 us), selec-

tive switching of the element described above was possible.

The optical response corresponding to the driving waveforms

when operated with polarizing plates, where a 360-degree



-FIG 23 is a diagramshow ng the tenporal configuration of an enbodi nent.
FIG 24 is a diagramof the driving waveforns of an enbodi- nent. FIG 25

i s an explanatory diagramof the tim.ng of the applied voltage wavef orns.
-FIG 26 is a diagram of the driving waveddrns of an enbodi- nent. 14
FIG 27 is a diagramof the driving waveforns of an enbodi- nent. FIG 28

I s a diagram showi ng the el ectrode configuration of an enbodinment. FIG 29
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enbodi nentbright (light transmission) state, is shown in FIG. 11. 1In
the figure, F; and F, indicate OFF selection frames, F, and
Fj indicate ON selection frames, and Ty, T, T3 and T, are
each selection periods. The 1light transmittance in the
bright state with this optical arrangement was 75 percent,
and the contrast ratio between the two states was 66. FIG.
12 shows the timing of waveforms applied to selected adjacent
scanning electrodes when the driving waveforms of the fifth
embodiment and this embodiment are applied to a matrix com-
prising plural electrodes and 1line-sequential scanning is
performed. Also, the polarity of the applied waveform is
inverted in two temporally adjacent frames in this embodi-
ment, thereby avoiding an excessive DC component to be
applied to the element.

Seventh Embodiment

An optically active compound (E. Merck, Darmstadt, S811) was
added to the 1liquid crystal material (E. Merck, Darmstadt,
'ZLI-1557), which demonstrates a nematic phase at room tempe-
rature, to adjust it to a helical pitch p of 3.5 um. The
cell comprised polyimide alignment layers disposed on a scan-
ning electrpdé group and signal electrode group formed from
ITO and rubbed in opposing parallel directions (180 degrees)
on the upper and lower substrates separated by a gap d of 1.8
" um. When the above liquid crystal material was infused, the
interface pretilt angles near the upper and lower substrates
were approximately 5 degrees with opposite signs, and since
p/4 < d < 3p/4, the orientation of the liquid crystal molecu-
les took on a 180-degree twisted state with a helical axis in
the normal direction of the substrate. The structure of the
liquid crystal display element is similar to that outlined in
FIG. 1. The element of this configuration generates two
metastable states with roughly a O-degree twisted (uniform)
state and roughly a 360-degree twisted state depending on the
" applied driving waveforms. We sandwiched the liquid crystal

%



-FIG 31 is a graph show ng the optical characteristic of an enbodi nent.
FIG 32 is a graph showing the optical characteristic of an enbodi nent.
FIG 33 is a .graph showing the optical characteristic of an enbodi nment.
-FIG 34 is a graph showing the optical @éharacteristic of an enbodi nent. The
i nvention is explained in detail below through specific enbodinents. FIG 1
IS a cross section of the quuid crystal display device. 1In the figure, 1
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the initial state (180-degree twist), approximately O-degree
twisted (uniform) state and approximately 360-degree twisted
state are indicated by Vi,(180), Vi,(0) and Vg4, (360),
respectively, and these are collectively referred to as V.
Also, the voltage critical value when selecting one of the
two metastable states according to the magnitude of the root-
mean-square value of the voltage pulse group applied imme-
diately after bringing about Frederick's transition is indi-
cated by V..

The driving waveforms of this embodiment are shown in FIG.
13. In the figure, 201 is the scanning electrode waveform,
202 is the signal electrode waveform, and 203 is a composite
waveform of 201 and 202. t0 and t1 indicate frames (scanning
time for one screen) in which a 360-degree twisted state
(i.e., OFF) and uniform state (i.e., ON) are selected,
respectively. ty; and t,, correspond to selection periods,
while tgar tgz and ty5+ t43 correspond to nonselection
— periods. At the end of the nonselection period, a period is
established in which a voltage pulse such as #(V, + V3) in
s tgg and X(V,; - Vj3) in t,3; whose absolute value is greater
than Vi, is applied to bring about Frederick's transition.
In OFF selection frame ty, after a voltage pulse (not shown)
whose absolute value is greater than Vi, is applied immedia-
tely before selection period t;; and Frederick's transition
is brought about, a pulse +(V, - V3) whose voltage absolute
value is less than V, is applied and the OFF state selected
in selection period ty;. In nonselection period tg,, a pulse
tV; whose voltage absolute value is less than Vi, (0) and
Ven (360) is applied, thus maintaining the same state. In ON

" selection frame t,, a pulse f(V, - V3) whose absolute value
is greater than V_ is applied in selection period t;; and the



-15 opposite each other with the desired gap by nmeans of suitable spacers
was used. First Enbodi nent An optically active conmpound (E. Merck,

Dar nst adt, S811) was added to the liquid crystal material (Rodic K K
‘[err] 0:1), which denonstrates a nenati&ﬁﬂwwe at roomtenperature, to
adjust it to a helical pitch p of 3.2 [err]m The cell conprised polyimde
alignnent | ayers rubbed in opposing parallel direc- tions (180 degrees) on
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tive switching of the element described above was possible.

Eighth Embodiment

Other driving waveforms applied in the liquid crystal display
device of the seventh embodiment are shown in FIG. 14. In
the figure, 301 is the scanning electrode waveform, 302 is
the signal electrode waveform and 303 is a composite waveform
of 301 and 302. t, and t, indicate frames (scanning time for
one screen) in which a 360-degree twisted state (i.e., OFF)
and uniform state (i.e., ON) are selected, respectively. tg,
and t,, correspond to selection periods, and tg,, tg3 and
ty,, t;3 correspond to nonselection periods. At the end of
the nonselection periods, a period is established in which a
voltage pulse such as *(V; % V,) in ty3 and t;5; whose abso-
lute value is greater than Vi, is applied to bring about
Frederick's transition. In OFF selection frame t,, after a
voltage pulse (not shown) whose absolute value is greater
than V,;, is applied immediately before selection period tg,
and Frederick's transition is brought about, a pulse whose
voltage absolute value is 0 (< V,) is applied and the OFF
state selected in selection period tg ;. In nonselection
period toar @ pulse 1V, whose voltage absolute value is less
than V.,(0) and Vi, (360) is applied, thus maintaining the
same state. In ON selection frame t;, a pulse 12V, with an
absolute value greater than V, is applied in selection period
t,; and the ON state is selected. Since a pulse iV, whose
voltage absolute value is less than Vi, (0) and Vi (360) is
applied in nonselection period t;,, the same state is main-
tained. The driving waveforms of this embodiment are equi-
valent to those in the seventh embodiment where V, = V,.



-obtained in this manner between two pol arizing pl ates whose pol ari zations
wer e roughly perpendicular to each other, applied the driving waveforns of
the invention on the el ectrodes and eval uated the optical characteristic.
-The driving waveforns of thi s enbodi rer#®are shown in FIG 2. In the
figure, 201 is the scanning el ectrode waveform 202 is the signal electrode
mavgfornl 203 is a conposipe mavefornlof 201 and 202, and 204 is the
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the thresBBTava
state is the dark state and the uniform state is the bright
(l1ight transmission) state, is shown in FIG. 15. In the

figure, F, and F, indicate OFF selection frames, F, and Fj,
indicate ON selection frames, and T,, T,, T3 and T, are each
selection periods. The 1light transmittance in the bright
state with this optical arrangement was 72 percent, and the
contrast ratio between the two states was 88.

FIG. 8 shows the tiﬁing of waveforms applied to selected
adjacent scanning electrodes when the driving waveforms of
the seventh embodiment and this embodiment are applied to a
matrix comprising plural electrodes and line-sequential scan-

ning is performed.
Ninth Embodiment

FIG. 16 shows other driving waveforms applied in the liquid
crystal display device of the seventh embodiment. In the
figure, 601 is the scanning electrode waveform, 602 is the
signal electrode waveform and 603 is a composite waveform of
601 and 602. t, and t, indicate frames (scanning time for
one screen) in which a uniform state (i.e., ON) and a 360~
degree twisted state (i.e., OFF) are selected, respectively.
ty, and t,; correspond to selection periods, and tg,, tg3 and
ti5r t43 correspond to nonselection periods. At the end of

the nonselection period, a period is established in which a
. voltage pulse such as 1V, in tg5; and ¥(V; - V,) in t;; whose

absolute value is greater than the threshold value of the

element is applied to bring about Frederick's transition. 1In

ON selection frame t;, after a voltage pulse (not shown)

whose absolute value is greater than V., is applied immedia-



-16 elenment (i.e. the critical value for a Frederick's transi- tion) is
applied to bring about Frederick's transition. In OFF sel ection frane
tferr], after the (V1 + V2) or -V[err] voltage pulse is applied i mediately
-before selection period t[err] and Frede471ck's transition is brought about,
a pul se whose vol - tage absolute value is O is applied and the dark state
selec- ted in selection period t[err]. In nonselection period t[err], a
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is applied in selection period t,; and the OFF state is
selected. Since a pulse %V, or 0 whose voltage absolute
- value is less than V., (0) and Vi, (360) is applied in non-
selection period t;,, the same state is maintained. When the
element was operated at 30°C and with Vv, = 30.0 V, V, = 2.0
V, pulse width P, = 200 us, and a duty ratio of 1/400 (t,, =
ty1 = 400 ps, tg = t; = 400 x 400 us), selective switching of
the element described above was possible.

Tenth Embodiment

FIG. 17 shows other driving waveforms applied in the 1liquid
crystal display device of the seventh embodiment. In the
figure, 701 is the scanning electrode waveform, 702 is the
- signal electrode waveform and 703 is a composite waveform of
701 and 702. t, and t; indicate frames (scanning time for
one screen) in which a uniform state (i.e., ON) and a 360-
degree twisted state (i.e., OFF) are selected, respectively.
ty, and t,, correspond to selection periods, and tg,,, tgy3 and
- t45+ tq5 correspond to nonselection periods. At the end of
the nonselection period, a period is established in which a
voltage pulse such as *(V; - V,) in ty; and (V; - Vj) in tq,
whose absolute value is greater than V., is applied to bring
about Frederick's transition. In ON selection frame t,,
- after a voltage pulse (not shown) whose absolute value is
greater than V., is applied immediately before selection
period t;; and Frederick's transition is brought about, a
voltage pulse 1V, whose absolute value is greater than Vg is
applied and the ON state selected in selection period tg .
" In nonselection period tg,, a pulse iV, or +V, whose voltage



-the percentage of the transmttance is based on a transmt- tance of 100
percent when the two polarizing plates are dis- posed on the sane optical
system-wi th their polarization axes parallel) and the contrast ratio
-between the two states was 65. Second EModi ment The driving wavef orms
applied to the liquid crystal display device in the second enbodi nent are
shown in FIG 3. In the figure, 301 is the scanning el ectrode waveform 302
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tlerr], t[tRa.] aptinté2 a tpilse AV, or iV, whose voltage absolute value
is lower than Vi, (0) and Vi, (360) is applied in nonselection
period t;,, the same state is maintained. When the element
was operated at 30°C and with V; = 30.0 V, V, = 2.0 V, V4
=0.5 V, pulse width P, = 200 us, and a duty ratio of 1/400
(togp = ty1 = 400 ps, ty = t; = 400 x 400 us), selective
switching of the element described above was possible. The
optical response corresponding to the driving waveforms when
operated with polarizing plates, where a 360-degree twisted
state is the dark state and the uniform state is the bright
(1ight transmission) —state, is shown in FIG. 18. In the
figure, F, and F, indicate OFF selection frames, F, and F,
indicate ON selection frames, and Ty, T,, T3 and T, are each
selection periods. The light transmittance in the bright
state with this optical arrangement was 75 percent, and the
contrast ratio between the two states was 66.

FIG. 19 shows the timing of waveforms applied to selected
adjacent scanning electrodes when the driving waveforms of
the ninth embodiment and this embodiment are applied to a
matrix comprising plural electrodes and line~sequential scan-
ning is performed.

Eleventh Embodiment

Where the voltage critical values are V,, and V_, when one or
the other of the two metastable states is selected depending
on the magnitude of the root-mean-square value of the voltage

" pulse group applied immediately after bringing about Frede-
rick's transition, then the metastable state generated is
roughly 360-degree twisted state when 0 < V. < Vg
roughly O-degree twisted (uniform) state when Vo1 S Vp < Vo
roughly 360-degree twisted state when V_, < V..



-correspond to nonsel ection periods. A period is established at the end of
t he nonsel ection periods in which voltage pul- ses such as V1 - V2 in tferr
and -V[err] + V2 in t[err] whose absolute values are greater than the

-t hreshol d val ue of-the el eient “are applid to bring about Frederick's
transition. In OFF selection franme t[err], a pul se whose vol tage absol ute
value is O is applied in selection period t[err] and t he dark state S
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correspond to nonselection periods. At the end of the non-
. selection period and in the first half of the selection
period, a period is established in which a voltage pulse
whose absolute value, which becomes *(V, * V3) depending on
the superposed signal waveform, is greater than Vi, is
applied to bring about Frederick's transition. In OFF selec-
tion frame o after a voltage pulse (-Vl - V3) whose abso-
lute value is greater than Vg, is applied in the first half
of selection period t,; and Frederick's transition is brought
about, a pulse (V, + Vj3) whose voltage absolute wvalue is
greater than V_, is applied and the OFF state selected in the
" last half of the period. 1In nonselection period t,,, a pulse
(i—V3) whose voltage absolute value is 1less than Vin(0) and
Vip(360) is applied, thus maintaining the same state. In ON
selection frame t,, a voltage pulse (-Vq, + V3) whose absolute
value is greater than V., is applied in the first half of
selection period t,; and Frederick's transition is brought
about, after which a pulse (V, - V3) whose absolute value is
greater than or equal to V,; and less than V_, is applied in
the last half of the period and the ON state is selected.
Since a pulse iV, whose voltage absolute value is less than
- Ven(0) and Vi, (360) is applied in nonselection period 1= PY,
the same state is maintained. When the element was operated
at 30°C and with v, = 30.0 V, V, = 12.0 V, V3 = 2.0 V, pulse
width P, = 250 us, and a duty ratio of 1/400 (ty; = t;5 = 500
ps, tg = t; = 400 x 500 ps), selective switching of the ele-
" ment described above was possible. The' optical response cor-
responding to the driving waveforms when operated with pola-
rizing plates, where a 360-degree twisted state is the dark



-ment was operated at 30[err]C and with V1 = 36.0 V, V2 = 1.8 V and pul se
wdth Pw= 1.0 ns, the transmttance of the bright state was 44 percent and
the contrast ratio between the two states was 68. Also, the polarity of the
‘applied waveformis inverted in two teﬁﬁorally adj acent franes in this
enbodi - nent, thereby avoiding an excessive DC conponent to be
applied to the elenent. Third Enbodi nent An optically active conpound (E

Mer ck, Daéﬁﬁtédtan<§83;hb V\@&l?&dﬁ?dst@téth iﬂﬂédbﬁﬁ)ﬁyh&ﬂ (ITﬁjh?tEi ghrahbmiMer ck,

Dar mstadt 15 §:57t2é whi ch dem)nstr e m tegp%-

rature, t85i88u 1018 RBPMBafMpi ﬁﬁb % gurePh reff

conpri sedlﬁdh¢aMedmmF| geleotibay ramdisspdse dancm Y scm&matag eNeseaede

group and_s naI ectrode .grqup forned,fra T ub in

paral | el BFP ctFSﬁbeFIBO gggr@éS) fa’lgr%nigk% uﬂpe%r;ndgsgh 588 %gges

separ at edpbyiadgap dThe 11Byht transmittance in the bright state with
this optical arrangement was 72 percent, and the contrast
ratio between the two states was 88.

FIG. 22 shows the timing of waveforms applied to selected
adjacent scanning electrodes when the driving waveforms of
this embodiment are applied to a matrix comprising plural
electrodes and line-sequential scanning is performed.

Twelfth Embodiment

An optically active compound (E. Merck, Darmstadt, S811) was
added to a liquid crystal material (E. Merck, Darmstadt,
.MJ90179) available on the market to adjust it to a helical
pitch p of 3.6 um. The cell comprised polyimide alignment
layers disposed on a scanning electrode group and signal
electrode group formed from ITO and rubbed in opposing paral-
lel directions (180 degrees) on the upper and lower sub-
" . strates separated by a gap d of 2.0 um. When the above
- liquid crystal material was infused, the interface pretilt
angles near the upper and lower substrates were approximately
4 degrees with opposite signs, and since p/4 < d < 3p/4, the
orientation of the iiquid crystal molecules tock on a 180-
degree twisted state with a helical axis in the normal direc-
tion of the substrate. The structure of the liquid crystal
display element is similar to that outlined in FIG. 1. The
element of this configuration generates two metastable states
with roughly a O-degree twisted (uniform) state and roughly a
360-degree twisted state depending on the applied driving
waveforms. We used the liquid crystal panel obtained in this
manner to fabricate a liquid crystal display device with the
circuit configuration shown in FIG. 4 in order to confirm the
effectiveness of the invention.



[err]m \Wen the above liquid crystal material was infused, the interface
pretilt angles near the upper and | ower substrates were approximately 4
degrees with opposite signs, and since p/4 < d < 3p/4, the orientation_of
‘the liquid crystal npol-ecu- |es-took on #1180-degree twisted state with a
helical axis in the normal direction of the substrate. The structure of
the liquid crystal display elenent is the sane as that outlined in FIG 1.
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metastable states, a configuration is employed with a reset
pulse period in which a voltage waveform for switching the
initial orientation state to one of the two metastable states
after powering ON 21 is applied and that begins actual write
scanning 23 by display data when the illumination means is
switched ON 24. If the liquid crystal display element is a
reflective type and does not require an illumination means,
the item regarding switching ON of the illumination means

may, of course, be omitted.

FIG. 24 shows an example of the driving waveforms applied to
the liquid crystal layer during reset pulse period 22. In
the figure, Ty is a period during which a pulse whose voltage
absolute value is greater than the threshold value is applied
to bring about Frederick's transition in the liquid crystal,
and T, is a period during which a pulse whose polarity is the
opposite (201) or the same (202) with respect to the last
. pulse of T; or whose absolute value is zero (203) is applied
for selecting one or the other of the metastable states. The
waveform of 201 generates a metastable state with a twist
angle of roughly (®$-180 degrees) with respect to the twist
angle ® of the initial state, and the waveforms of 202 and
203 generate a metastable state with a twist angle of roughly
($+180 degrees). When a voltage of #30 V was applied in T,
with a pulse duration of 500 us and was applied to the liquid
crystal display device described above, a uniform orientation
was obtained with the waveform of 201 which applied a voltage
of -1.5 V in T,, and an orientation with roughly a 360-degree



-el ectrode group, 15 is a reference signal generation circuit, and 16 is a

| i ne-sequential scanning circuit (ROM control- ler). The driving waveforns
of this enbodinent are shown in FIG 5. In the figure, 201 is the scanning
-el ectrode waveform 202 is the signal el¥dctrode waveform and 203 is-a.~ -
conposite wave- formof 201 and 202. t[err] and t[err] indicate franes
(scanning time for one screen) in which a 360-degree twisted state (i.e.,
OFF) and aupld ofBLsidhealhed: with i€ V%ﬁbs%@ﬁ, 3 Seﬁ?t'a«f‘a Y205[ G iciand
t[err] correspond to selection periods, iletlerr], tlerr] an t[erri,
t[err] corARRHRE a8 VbEage cf i bh. pe¥i basToAt the end of the nonsel ection
periods, a period is established in which a voltage pul se such as (V1 - V3)
intlerr] amjéégerr] + V3) in t[err] whose absolute value is greater than
the thresfHFLRaN Fmbodinertent is applied to bring 19 about
Frederick's transition. In OFF selection frame to,

Using the driving waveform of the twelfth embodiment, an
example is described that yields a similar effect by 1line-
sequential scanning. FIG. 25 shows the timing when a driving
waveform is applied to (2k + 1) adjacent scanning electrodes
whose center is the nth electrode by shifting the phase every
k number of scanning electrodes. In the figure, the phase
difference is equivalent to two pulses using the waveform of
203 in FIG. 24, but the waveform of 201 and 202 in FIG. 24
can be used, or the phase difference may be set as desired.
Assuming k = 1, then iine—sequential scanning is performed on
every other scanning electrode, and if k > 2, then scanning
is performed in blocks. As in the twelfth embodiment, the
waveform of 201 generates a metastable state with a twist
angle of roughly ($-180 degrees) with respect to the twist
angle ¢ of the initial state, and the waveform of 202 and 203
generates a metastable state with a twist angle of roughly
($+180 degrees). When the 1liquid crystal display device
described above was applied using the voltage and pulse dura-
- tion conditions of the twelfth embodiment and with k = 1, a
uniform orientation was obtained with the waveform of 201 and
a roughly 360-degree twisted orientation was obtained with
- the waveform of 202 and the waveform of 203.

Fourteenth Embodiment

FIG. 26 shows examples of driving waveforms in the twelfth
and thirteenth embodiments comprising a period in which the
driving waveform for generating one of the two metastable
states applies a voltage pulse with an absolute value greater
than the threshold value in the initial state and applies a
voltage pulse group whose absolute value for generating
Frederick's transition in the 1liquid crystal molecules is



-after a voltage pul se (not shown) whose absolute value is greater than the
threshol d value of the elenent is applied i medi ately before sel ection
period t[err] and Frederick's tran- sitiqgn is brought about, a pulse w.th
“the sane polarity and whose vol t age absolute value is | V3 - V2| is applied
and the OFF state selected in selection period t[err]. In nonselection
period t[err], a pul se whose vol tage absolute value is | ower than the

threshol d pedareePf thhg eheMiMrdshad!v£rhe tdrIstH@i 81 éh&hBJ ahl@e a5 3 Sddt e.
In ON selection frame t1, ﬁgul se (-\2 .- VB% Wlthfg @?‘I al‘lti oggosme t hat
of the puld® ¥RHSPedthRnetP LIS te Yalug,Qfed PR s¥PLERTSH BII$Rd
t11 and t hprddp st dse redueckdct efraduialdy a qul sin whpkeradl - stepe alas@ ute
value is |l ower t the tphresho valueg_of . th me [ lJ ed j
nonselecHW§$%ﬁ§$$iFt[§F? e tHéLgang s%gfgtisgﬁghgtap edidﬂahﬁg§t¢é}lso
el enent wakeqpees) edith I@spedtC tmdthet kbwvst=ad@le \@f VRhe liguid \&ry=- 1.5
V, pul se w Endd £.1-S, a;du eahkag0f 4 ét[fg%,b_. = therr]
= 500 [er\r%ésg,ft Pgrr %:Q'tr{ig‘{rﬁlszsg'%gexlgqg\épe?r.fs?, se neggtllve S 'tgﬁ.i r%{gf”of
t he el energorrespandsctio abbeePridofodaring. wvhaght Frefssdickd i transition
is generated in the liquid crystal molecules, and T,, corres-
ponds to the period during which the voltage absolute wvalue
is reduced. Also, 301 and 302 indicate the cases in which
the voltage is reduced continuously and in steps, respecti-
vely. By applying this to the aforementioned liquid crystal
display device, a metastable state with a uniform orientation

was obtained.

By means of the methods described in the twelfth to the four-
teenth embodiments, the liquid crystal display goes to a uni-
form orientation state when the backlight or other illumina-
tion means is switched ON or when operation begins and the
subsequent write scanning starts smoothly.

" Fifteenth Embodinent

- FIG. 27 shows the voltage waveforms applied to scanning elec-
trodes C¢; - C,, Cy,_q; and C,, when the scanning electrodes
are divided up into two blocks each comprising a number of n
odd-numbered rows and n even-numbered rows and each is line-

" sequentially scanned; i.e., they are scanned in the order Cy,
C3s Cgs ecer Con_1sr Car Cyr Cgr weer Copy in the time-shared
addressing of a display element comprising a total number of
2n (n is an integer) scanning electrodes (C;, C5, ..., Cyp)
as shown in FIG. 28 and their timing. 1In the figure, t, is

" the selection period for scanning electrode C;, and t,, is
the nonselection period. Immediately after t;, the selection
period for C; is set, immediately after which the selection
period for Cg (not shown) is set, and the selection and scan-
ning of the odd-numbered rows is finished in T ,. In the

%



-Q her driving waveforns applied in the liquid crystal display device of the

third enbodi nent are shown in FIG 6. |In the figure, 301 is the scanning
el ectrode waveform 302 is the signal electrode waveformand 303 is a
-conposi‘te waveformof 301 and 302. t[éfr] and t[err] indicate frames
(scanning tine for one screen) in which a 360-degree twisted state (i.e.,
OFF) and the uniformstate (i.e., ON) are selected, respectively. t[err]
and t[errkoQQbmwrpéﬁib&eéﬁor%%n R | edén-:%ﬁbéa[-éari—owé[ s&-&l s%‘h%%:&éf
tlerr] corr ?;%né onsel ec er.i.ods. At the end he nonse tion
periods, E°p&A-68 iAtsBEBPNE eﬁ‘ﬁ vﬁ?acth %n%ofsf%ﬁénplﬂgel’éGEﬁm%l?WI15 V2)
intlerr] wmdttébi[ @urimg\/ZD I@HT THOEE moép%wmbuehesmtaaaeaehhan

h h l,i ed t bout Frederick's
:rgnt& [legtr%gkgeﬁaﬂl'b T e PI 0 % r% t??%?ﬁ?lvﬁf % V Estaa FActe Phot
shown) abQYﬂho@Ebadsm_Emte,yathe | sppreatter sdamire Herdsdl d:o\aakiuebgf
the el emegholtedPRby eAne ™R AL ehnalef O &aif! §h! ' ALY %Que to screen

scanning could be reduced. Also, in this embodiment, we
showed an example in which scanning was performed by skipping
every other scanning electrode so that one screen of informa-

. tion was written by scanning the screen twice, but the num-
‘ber of scanning electrodes skipped and the number of blocks
they are divided up into can be set as desired. When a num-
ber of n scanning electrodes is divided up into blocks each
having k scanning electrodes and one screen is formed by
scanning n/k times, where the time (selection period)
required to select one row is Ts, then the following rela-
tionship should be satisfied

k/(Ts * n) > fc

fc: critical frequency (Hz) at which an observer becomes

aware of flicker
- Sixteenth Embodiment

Since the 1liquid crystal display element of the invention
uses two metastable states in display, a written display is
retained as a memory condition over a fixed period (Tm
below). Therefore, the continuous scanning of all scanning
electrodes is performed in cycles defined by

fref > 1/Tm (Hz)
and upon completion of one continuous scanning, the display

of an entire screen can be maintained by line-sequentially
applying a selection waveform in the period



‘t[err] and Frederick's transition is brought about, a pulse with the sane
polarity and whose voltage absolute value is O is applied and the OFF state

selected in selection period t[err]. In nonselection period t[err], a pulse
‘whose vol tage absolute value is |lower th#n the threshold value of the

el ement is applied, thus maintaining the sane state. In ON sel ection
frame t[err], a pulse (-V[err]) with a polarity opposite that of the pul se
appl i ed | elypbefope it is applied in/gel | de t he
ON state is se?%cted SI%CE a pul se whose v&ﬁfdggia ggva %géﬁédggge

than the threshold value of the element is applied in nonselectlon peri od

tlerr], thessgBySkake aﬁc%rﬁ‘?ir{bt rodt%ec%té(gﬁ‘ﬂ%agﬁéora%ao Ji{f it

enbodi - nment are”equivalent to t ose I n I rent wher

Verr]. VPRFORES é?@ﬁéﬁﬁr\l{ast%péﬁ‘d?éﬂeatth@o["elﬁﬂleYaan‘@\P?ﬂaV-loﬂ Jhen 2

= 1.0V, e=a HEQlHd RS Gapdvl hm&¥hed 2681hg rﬂ'éf and asﬂUkylba? ftHé 400
er

Gt £ ohi ng ST IRT GHBVETOTHE. OF bRl oTE. olvaeél {51 gmbb l?%e)capt.e%%éﬁve

swi t chi ng
response cpor espengenyotioduibéngr whiieh saaehdngs oftheheopeitaired smidmn was

pol ari zI ng%?rf‘cgfﬁed WS 8nd WULPURE Y 5 S6ARL & LRebBOWEREN it Ay AN

the unifor
cal fluctuations in areas where display information was not

rewritten, and in areas where it became necessary to rewrite
display information (scanning line number ns), display was
realized in which overall flicker was reduced because partial
scanning was performed at a frequency of - 1/(Ts.ns)

Effectiveness of the Invention

As described above, by means of the 1liquid crystal display
device of the invention, a high speed multiplex-driven liquid
crystal display device can be realized with a high contrast
ratio and wide effective viewing angle by using switching
between two metastable states which can be selected as
desired by the applied waveform. Also, since the selected
. state is retained as a memory state over a period (approxi-
- mately 10 - minutes') at least greater than the scanning time
for one screen, the invention can be applied to a high preci-
sion display with a large number of scanning lines and driven
by simple matrix driving. The invention is applicable to not
only direct-view liquid crystal display devices but also to
various types of light valves, spatial light modulators, the
print head of electronic photographic systems, etc.



state | e ht (light transm ssion) state, is shown in FIG 7. In
the fi gB m‘l‘ iﬁiM“ di cate OFF selection franes, F2 and F3 indicate ON
sel ecti T[err] T[err] and T[err] are each sel ection
‘peri ods. The |i"ghf tfansmit-’ tance||1%4mabr|ght state with this optical
arrangenment was 72 percent, and the contrast ratio between the two states
was 68. FIG 8 shows the timng of waveforns applied to sel ected adjacent
scanni ng el ectrodesypgn the driving waveforns of the third enbodi nent and
this enbodinment are applied to a matrix conprising plural electrodes and

| i ne-sequential scan- ning is perforned. 21 Fifth Enbodinent FIG 9
shows ot her driving waveforns applied in the liquid crystal display device
of the third enbodi nment. In the figure, 601 is the scanning el ectrode

waveform 602 is the

1. A liquid crystal display device having a chiral
nematic liquid crystal sandwiched between a pair of transpa-
rent electrode substrates (3, 4, 5) equipped with liquid cry-
stal alignment layers (2), where said chiral nematic liquid
crystal has a twisted structure of twist angle ¢ in its
initial state and has two metastable states different fronm
said initial state.as relaxation states after the voltage
that brings about a Frederick's transition in said initial
state is applied, wherein a voltage applied to bring about
the-¥}ederick's transition is a voltage pulse greater than
%ﬁhe threshold wvalue in the initial state (Vo) and the two
hetastable states (Vth,, Vth )_and a voltage applied after
that to select one of the two metastable states is a wvoltage
pulse selected using the critical value (Vth,, Vth,) that
generates one of the two metastable states as a reference.

2. A liquid crystal display device having a chiral

- . nematic liquid crystal sandwiched between a pair of transpa-
rent electrode substrates equipped with liquid crystal align-
ment layers, where said chiral nematic liquid crystal has a
twisted structure of twist angle & in its initial state and
has two metastable states different from said initial state

. as relaxation states after the voltage that brings about a
Frederick's transition in said initial state is applied,
wherein a voltage applied to bring about the Frederick's
transition is a voltage pulse greater than the threshold
value in the initial state and the two metastable states, a
voltage applied to select one of the two metastable states is
a voltage pulse selected using the critical value that gene-
rates one of the two metastable states as a reference, and a
voltage applied during a period the selected metastable state
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polarity as

4. The liquid crystal display device of claim 1, 2 or
3 wherein of the twist angles of the liquid crystal molecules
in the two metastable states, one is $-180 degrees and the

other is $+180 degrees.

5. The liquid crystal display device of claims 3 and 4
wherein the device has plural critical values and the
metastable state having a twist angle of &+180 degrees is
selected when the absolute value of the voltage pulse applied
to select one of the metastable states is below the critical

value of the lowest absolute value.

6. The liquid crystal display device of claims 3 and 4
wherein the device has plural critical values and the
metastable state having va twist . angle of &-180 degrees is
selected when the absolute value of the voltage pulse applied
to select one of the metastable states is a value between the
critical value of the lowest absolute value and the critical

» value of the next lowest absclute value.

7. The liquid crystal display device of any one of the
preceding claims 1 wherein a scanning electrode group and a
signal electrode group are disposed on the pair of transpa-
rent electrode substrates, respectively, and the picture ele-
ments comprising those respective groups are driven by time-

shared addressing.

trode wa

ﬂﬂgﬂlﬁ"l{'"ﬂlﬁate frames (scanmigng tine for one screen) in which a
g 1 a and a 360- degree twisted state (i.e.,. OFF) are

espectively. t[err] and t[err] correspond to sel ection periods,

At

so- lute value is [ower



-that o ed imedi ately before it is applied in selection
perlodjﬂﬂ "ﬁFL!nFF state is selected. Since a pul se whose voltage
absol ut e ue I8 1sO than the thres- hold value of the elenent is
‘applied in nonselection period t[err], ttte sane state i s mai ntai ned. Wen
the el enment was ope- rated at 30[err]C and with V1 30,0V, V2 =1.0V, V3
= 1.5V, pulse width Pw = 400 [err]s, and a duty ratio of 1/400 (t[err] =

t[err] = 400 [erg]s, Th{aelllihutdt trys400 widplafedeiire ofl ety \ohesWof Cthag
of the el enent %fscr ged ab Was ggssibhg. Al so thﬁfpg?prlt of .th e
appl i ed wREFSTMIL ¢ %’F‘Feﬂ F—ﬁei% EnpOraPPS RE1EEe ROYH
enbodinEntEredmrftw'avbrdnsgtaoneiseappléewCinoapddest perieodyptiiedvdb-t he
el enent . 10. s | M wa .
applied in ?%g Eﬂ quid Cr yg%éfégcﬁ spﬁay é@d)%v}%gl\eéBo&(gl Enetq{?s\e(?mr%o%ggeégs 18
t he figur eapgbiledsinhe sursdquendl ekrcantt perwidds nandOhes vialdage pulse

to maintain a selected one of the metastable states is

applied during a third period.

9. The liquid crystal display device of claim 8 where-
in the twist angle of the 1liquid crystal molecules in "a
metastable state is $+180 degrees when the absolute wvalue of
the voltage pulse in the second period is between zero and

the critical value.

10. The 1iquid-crystal display device of claims 7 and
8 wherein the selection period in time-shared addressing is
the first period and second period and the nonselection
period is the third period.

11. The 1liquid crystal display device of claims 7 and
8 wherein the selection period in time~shared addressing is
the second period and the nonselection period is the third
period and the first period.

12. The 1ligquid crystal device of claims 7 and 8
wherein all picture elements have a first period and a second
period before undergoing time-shared addressing.

13. The liquid crystal device of claim 12 wherein all

" picture elements have the same twist angle before undergoing

time-shared addressing, namely &-180 degrees or $+180
degrees. )

14. The 1liquid crystal device of claim 12 wherein all
picture elements have a first period and a second period
simultaneously.



-signal electrode waveformand 703 is a conposite waveform of 701 and 702.
t[erﬂmﬂ m" i cate franes (scanning tinme for one screen) i n which a
uni f H ﬂ ||4” ON) and a 360- degree twisted state (i.e., OFF) are

-sel ected, ﬂespectlve t[err] and t[erBP correspond to- selectlon peri ods,

and t[err], tferr] and t12 t13 correspond to nonsel ection periods. At the
end of the nonsel ection periods a period is established in which a voltage
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t hreshol d I's applied i medi atel y before sel ection
period t[err] and Frederick's transition is brought about, a voltage pul se
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the sane state. In OFF selection franme t[err], a pul se whose

17. The liquid crystal device of claim 7 and 8 wherein

in the scanning electrode group, an integer number n of
scanning electrodes is divided up into blocks each block
comprising an integer number k (k < n) of scanning electrodes
and each block is 1line-sequentially scanned such that each

screen is time-shared n/k times.

18. The liquid crystal device of claims 7 and 8 where-
in only the scanning electrodes including picture elements
that must be rewritten after the scanning electrodes are
scanned in one cycle are provided with a first period and a
second period and are driven by time-shared addressing.

19. Driving method for a liquid crystal display device
that sandwiches chiral nematic liquid crystal between a pair
- of transparent electrode substrates equipped with liquid cry-
stal alignment layers, where said chiral nematic liquid cry-
stal has a twisted structure in its initial state and has two
metastable states different from said initial state as rela-
xation states after the voltage that brings about a
Frederick's transition in said initial state is applied,
wherein after the Frederick's transition is brought about,
one of the metastable states is generated by applying the
voltage pulse whose absolute value is selected using the cri-
tical value that generates one of the metastable states as a
reference, after which the selected metastable state is main-
tained by applying the voltage pulse below the threshold
value in the two metastable states.



-vol tage absol ute valueis O is applied in selection period t[err] and the

ON st . Si nce a pul se whose vol tage absolute value is
| ower mm m ﬂ &Bﬂed value of the elenment is applied in nonsel ection
-peri od er State i s maintai4ted. The driving waveforns of

th| s enbodi - nent are equivalent to those in the third enbodi nent V\/nere V2

= V[err]. \Wen the el enent was operated at 30[err]C and with V1 = 30.0 V,

V2 =1.0 V | d f .1L40
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shared addressing.

21. The driving method for a 1liquid crystal display
device of claim 20 wherein Frederick's transition is brought
about and one of the metastable states is selected in the
selection period in time~shared addressing and the selected
metastable state is maintained in the nonselection period.

22. The driving method for a ligquid crystal display
device of claim 20 wherein one of the metastable states is
selected in the selection period in time-shared addressing
and the selected metastable state is maintained and Frede-
rick's transition is brought about in the nonselection
period.

23. The driving method for a liquid crystal display
device of claim 20 wherein Frederick's transition is brought
'~ about for all picture elements and one of the metastable
states is selected before time-shared addressing.



-each selection periods. The light transmttance in the bright state
with this optical arrangenent was 75 percent, and the contrast ratio
between the two states was 66. FIG 12 shows the tim ng of waveforns
~applied to selected adjacent scanning el®ttrodes when the drivifig wavef orns
of the fifth enbodi nent and this enbodinent are applied to a matrix com
prising plural electrodes and |ine-sequential scanning is perforned.

. Also, the RB§E£5E¥ of the appli-ed waveformis inverted in tw tenporally
adj acent f S In this enbodi- nment, thereby avoi ding an excessive DC

conponent to be applied to the el enent. Seventh Enbodi nent An optically
active conpound (E. Merck, Darnstadt, S811) was added to the |iquid crystal
material (E. Merck, Darnstadt, ZLI-1557% whi ch_denonstrates a nematic
phase at room tenpe- ral&RUID; GRYSTAL: DISPLAY DERICE HARING, b of 3.5
[err]m  The cell pRoPHEPRSTABLYE STATES| ASDNENS DRYCIRGOMEYROBd On a scan-
ning el ectrode group and signal electrode group forned fromITO and rubbed
in opposing parallel directions (180 degrees) on the upper and | ower
substrates separated by a gap d of 1.8

A liquid crystal display device containing chiral nematic a
liquid crystal having a twisted structure is provided with a
period during which a pulse voltage is applied that brings
about a Frederick's transition and a period during which a
voltage pulse, which 1is selected using the critical value
that generates one of the two metastable states as a refe-
rence, is applied, and it displays by switching between the
bistable states. Thereby a high speed multiplex-driven liquid
crystal display device capable of performimg high precision
display while maintaining high contrast and a wide viewing
angle is achieved.

Fig.29.



[err]m Wen the above liquid crystal material was infused, the interface
pretilt angles near the upper. and |ower substrates were approximtely 5
degrees with opposite signs, and since p/4 < d < 3p/4, the orientation of
‘the liquid crystal nolecu- |es tookﬂep a 180-degree tw sted state with a
helical axis in the normal directiorf /&5 the substrate. The structure of
the liquid crystal display elenent is simlar to that outlined in FIG 1
The el enment of this configuration generates two netastable states with
roughly a O-degree twisted (unifornm) state and roughly a 360-degree tw sted
state depending on the applied driving waveforns. W sandw ched the |iquid
crystal 24 panel obtained in this manner between two pol arizing plates
and fabricated a liquid crystal display device using the cir- cuit
configuration shown in FIG 4 to confirmthe effective- ness of the
invention. In the explanation below, the thres- hold voltages for bringing
about Frederick's transition in

FIG. 7



-the initial state (180-degree twi st), approximately O-degree tw sted
(uniform state and approximately 360-degree twi sted state are indicated
by WVth(180), Vth(O and WVth(360), respectively, and these are '
-collectively referred to as Vth. A szlg]he vol tage critical value when

sel ecting one of the two netastable es according to the magnitude of
the root- nean-square value of the voltage pul se group applied i mre-
diately after bringing about Frederick's transition is indi- cated by Vc.
The driving wavefornms of this enbodinent are shown in FIG 13. In the
figure, 201 is the scanning el ectrode waveform 202 is the signal electrode
waveform and 203 is a corrﬁjpsite wave mgf 201 and 202. t[err] and t[err]
i ndicate frames (sc ? { eny—Tn ch a

twisted state (i.e.}, OFF) and uniffepietatiy—ay cypetoe
respectively. t[err] and t[ j;-'e‘ue-lhrespoggfer fgﬁ'i'on peri o
t[err], tlerr] and jt[err], tt[" clor f espon 0 horjsepectj.on per
the end of the nonsiel ection riqd,| ajperiod is gstjablished in whi
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-than Vth is applied to bring about Frederick's transition.

frame tferr],

In OFF sel ection

after a voltage pul se (not shown) whose absolute value is

greater than Vth is applied imedia- tely before selection period t[err]

and Frederick's transition is brouggb@%$

vol tage absolute value is |less than

selected in selection period t[err].

out,

a pulse (V2 - V3) whose
s applied and the OFF state
In nonsel ection period t[err],

a pul se

[err]V[err] whose voltage absolute value is | ess than Vt h(O and Vt h(360)

is applied,

tlerr],

t hus mai ntaining the sanme state.
a pulse (V2 - V3) whose absolute value is greater than Vc is

applied in selection period t[err] and the

Since a pulse V3 whose vol tage abso-

Vt h(360) is applied<Smnins

nmai nt ai ned.
V, V[err]=1.5V, \

rati o

ute

tg .
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In ON selection frane
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of 1/400 (t[err] = t[err]

T,

tw sted state (i.e

respectively. t[errfand t[err] cor

t[err] and t12, t13
nonsel ecti on peri odg
as (V1 V2) in tferf]
applied to bring abp
after a voltage pul ¢
is applied i medatp
transition i s brougm
([err] Vc) is applied

OFF) and unlf?ln1sﬂ

spon

torrespond to nonselld
a period is establi
and t13 whose abso-
it Frederick's trangi
(not shown) whose4d
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ction periods,
ri ods. At the end of the

= 500 [err]s, t[err] =t[err] = 400 x 500
[err]s), selec- tive switching of the el enent descri bed above was possi bl e.

Ei ght h Enbodi nent O her driving wave
“di spl ay device of the seventh enbodi

applied in the liquid crystal
re shown tn FIG 14.
g el ectrode waveform 302 is the signa

figure, 301 is the scapmw
waveform and 303 is aéconp05|te wavef orm of 301 and 302.
indicate franes (scfilQLng LInE 0L _ONe _Jcreen

tgteer]i . e.
d tio
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Ifut
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|bdol

reater than Vth
qu %rederlck S
hs ol 1 value is O
4\ A

el ectrode
t[err] and t[err]
whi ch a 360- degree

ON) are sel ected,
and t[err],



-state selected in selection period t[err]. In nonsel ection period t[err],
a pul se V2 whose voltage absolute value is less than Vth(O and Vt h(360)
is applied, thus maintaining the same state. In ON selection frane
“‘t[err], a pulse 2V2 with an absolute value greater than Vc is applied in
selection period t[err] and the CNgZ& te is sel ected. Since a pul se V2
whose vol tage absolute value is les han Vth(O and Vth(360) is applied
in nonselection period t[err], the sanme state is nain- tained. The driving
waveforms of this enbodi nent are equi- valent to those in the seventh
enbodi nent where V2 = V3. 26 Wen the el enment was operated at 30[err]C
and with V1 = 30.0V, V2 =1.0V, pulse width Pw = 250 [err]s, and a duty
ratio of 1/400 (t[err] = t[err] = 500 [err]s, t[err] =t1 = 400 x 500
[er]s), selective switching of the el enent described above was possi bl e.
The optical response corresponding to the driving waveforns when operated
with polarizing plates, where a 360-degree tw sted
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"State is the dark state and the uniformstate is the bright (light

transm ssion) state,

is shown in FIG
F2 and F[er]

i ndi cate OFF sel ection franes,

‘and T1, T[err],

percent, and the cont

T3 and T4 are each

transmttance in the bright state
rati o between the two states was 88. FIG

rast

15.

V\’??Iection peri ods.
$this optical

I'n the figure,

Flerr] and F4

i ndicate ON sel ection franes,
The |i ght
arrangenment was 72

8

shows the timng of waveforns applied to sel ected adjacent scanning
el ectrodes when the driving waveforns of the seventh enbodi nent and this

enbodi nent are applied to a matrix conprising plural

| i ne-sequential scan-

sevent h enbodi ment .

el ectrodes and

ning is performed. N nth Enbodi mnent FIG 16 shows
ot her driving wavefornseapplied in the liquwd crystal display device of the

j-he figure,

601-p42

scanni ng el ectrode

h
waveform 602 is the |siighal el ectrode wavefformand 603 is a cgnposite
wavef orm of 601 and/qQ3. t[err] and t]er i ndicate frames [scanning tine
for one screen) in wijij¢hf a uniformstate (j.fe., O\N) and a 360}, degree
twisted state (i.e., H are selected, rgsgectively. :
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‘t[err] and t[err] correspond to selection periods, and t[err], t[err] and
t12, t13 correspond to nonsel ection peri ods. At the end of the

nonsel ection period, a period is established in which a voltage pul se such
as V1 in t[err and (V[err] - V2) in t[err] whose absolute value is greater
than the threshold val ue of the eleﬁyhg is applied to bring about
Frederick's transition. In ON selection frame to, after a voltage pul se
(not shown) whose absolute value is greater than Vth is applied i medi a-
27 tely before selection period t[err] and Frederick's transition is
brought about, a pul se V2 whose voltage absolute value is greater than Vc
is applied and the ON state selected in selection period t[err]. I n
nonsel ection period t[err], a pulse V[err] whose voltage absolute value is
| ess than Vth(O and Vth(360) is applied, thus maintaining the sane state.
In OFF selection franme t[err], a pul se whose absolute value is 0 (<Vc) is
applied in selection period t[err] and the OFF state is
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- sel ected. Since a pulse V2 or 0 whose voltage absolute value is |less than

Vth(O and Vth(360) is applied in non- selection period t12, the sane state

i s maintained. Wien the el enent was operated at 30[err]C and with V1 = 30.0

-V, V2 =2.0V, pulse wdth Pw = 200 [err]s, and a duty ratio of 1/400
(t[err] =t[err] = 400 [err]s, t[errggggil = 400 x 400 [err]s), selective

switching of the el enent described a was possi ble. Tenth Enbodi nent

FIG 17 shows other driving waveforns applied in the liquid crystal display

device of the seventh enbodi nent. In the figure, 701 is the scanning
el ectrode waveform 702 is the signal electrode waveformand 703 is a
conposite waveform of 701 and 702. t[err] and t[err] indicate franes

(scanning tinme for one screen) in which a uniformstate (i.e., ON) and a
360- degree twisted state (i.e., OFF) are selected, respectively. t[err]
and t[err] correspond to selection periods, and t[err], t[err] and tf[err],

t[err] correspond to nonsel ection peri ods. At the end of the nonsel ection
period, a period is estaplished i#,waich a waltage—pulpe—such—as (V1 - V2)
int[err] and (Merr] -_V3) in Uqgr] V\b_Qm;.@Js.oJ.JJLE. ¥l ue—ls—gdeater than
Vth is applied to bring [\, 02 ~1ss
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about Frederick's transition. In ON selection franme to, after a voltage
pul se (not shown) whose absolute value is greater than Vth is applied
imedi ately before selection period t[err] and Frederick's transition is
brought about, a voltage pul se V[err] whose absolute value is greater than
Vlerr] is applied and the ON state &tted in selection period t[err]. In

nonsel ection period t[err], a pulse V[err] or V[err] whose voltage 28
absolute value is lower than Vth(O and Vth(360) is applied, thus

mai ntai ning the sane state. In OFF selection franme t[err], a pul se whose
vol tage absolute value is less than Verr] is applied in selection period
t[err] and the OFF state is selec- ted. Since a pulse V2 or V[err] whose
vol tage absolute value is lower than Vth(O and Vth(360) is applied in
nonsel ection period t12, the sanme state is mmintained. When t he el enent

was operated at 30[err]C and with V1 = 30.0V, V2 =2.0V, V3 =0.5V, pulse
wdth Pw = 200 [err]s, and a duty ratio of 1/400
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-(tlerr] = t[err] = 400 [err]s, t[err] =t[err]
sel ective switching of the el enent described above was possi bl e. The
optical response corresponding to the driving waveforns when operated with

-polarizing plates, where a 360-degree twisted state is the dark state and
the uniformstate is the bright (liMigztransm ssion) state, is shown in
FIG 18. In the figure, F1 and F4 indicate OFF selection franes, F2 and
F3 indicate ON selection frames, and T1, T[err], T[err] and T[err] are each
sel ection peri ods. The light transmttance in the bright state with this
optical arrangenent was 75 percent, and the contrast ratio between the two
states was 66. FIG 19 shows the timng of waveforns applied to sel ected
adj acent scanni ng el ectrodes when the driving waveforns of the ninth
enbodi nent and this enbodi nent are applied to a matrix conprising plural
el ectrodes and |ine-seguential scan- ningy formed. El eventh Enbodi nent

= 400 x 400 [err]s),

Where the voltage critij¢al 'Values are V[ernq] a Vc2 when one or the other
of the two netastabl el gtlates is sel ected d¢pendi ng on the nagrjtude of the
root - mean-square vahpgfiof the vol tage [ ; '
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‘pul se group applied inredi ately after bringing about Frede- rick's
transition, then the netastable state generated is roughly 360-degree
twisted state when O [err] Vr < V[err] roughly O-degree twi sted (uniform
‘state when V[err] [err] Vr < Vc2 roughly 360-degree tw sted state when Vc2
[err] V[err]. 29 O her driving wave¥/®8ns applied in the liquid crystal

di spl ay device of the seventh enbodi nent are shown in FIG 20. In the
figure, 201 is the scanning el ectrode waveform 202 is the signal electrode
wavef orm and 203 is a conposite waveform of 201 and 202. t[err] and t[err]
indicate frames (scanning tinme for one screen) in which a 360-degree
twsted state (i.e., OFF) and the uniformstate (i.e., ON) are selected,
respectively. t[err] and t[err] correspond to selection periods, and t[err]
and t12 correspond to nonsel ection periods. At the end of the non-
selection period and in the first half of the selection period, a period is

established in which,a vql,t age pul se
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whose absol ute val ue, which becones (V1 V3) depending on the superposed
signal waveform is greater than Vth is applied to bring about Frederick's
transition. In OFF-selec- tion frame t[err], after a voltage pulse (-V1 -
V3) whose abso- lute value is greater than Vth is applied in the first half
of selection period t[err] and Frederi#dfzg transition is brought about, a
pul se (V2 + V3) whose voltage absolute value is greater than Vc2 is applied
and the OFF state selected in the last half of the period. In nonselection
period t[err], a pulse (V3) whose voltage absolute value is | ess than

Vt h(O and Vth(360) is applied, thus maintaining the sanme state. In ON
selection frane t[err], a voltage pulse (-V1 + V3) whose absolute value is
greater than Vth is applied in the first half of selection period t[err]
and Frederick's transition is brought about, after which a pulse (V2 - V3)
whose absolute value is greater than or equal to V[err] and |less than Vc2

is applied in the last half of the peri g%fnd the ON state is g:ected
Since a pulse V3 whose voltage bsolutez; ue is less than VWt ) and
Vth(360) is applled i MELS %he“@%ﬂﬂ?‘sr* .
mai nt ai ned. \Wen t h&>¢ m%"F”' 926ﬁ§?€ <? 12 4;L.4?
Vi
Vo
201 011 = ! ] T
“VoT T !
- ! ; f !
Vi N -
1 { t ! i :
| L |
. t L4 ¢ !
o502 oA r——nOomonAr—Ann
o IR Y PR L dd WU
-Vs : Loy b
¢ : ro : ]
1 Cob o
{ VitV 5 | o
203 V:r] | P rVaeVs ViR
I [
VsVs 5 — 1l i Sop— ;
RVRY: I — - : SRR U [ N Oy IDRRENNRNN, Uy O By
23 Vo~V !
-Vi-V;




-at 30[err]C and with V1 = 30.0V, V2 =12.0V, V3 =2.0V, pulse width Pw =
250 [err]s, and a duty ratio of 1/400 (t[err] = t[err] = 500 [err]s, t[err]
=tl1l = 400 x 500 [err]s), selective switching of the ele- nent described
above was possible. The optical response cor- rfesponding to the driving
wavef orms when operated with polarﬁgé§ing pl ates, where a 360-degree

%

tw sted state is the dark 30 state“and the uniformstate is the bright
(light transm s- sion) state, is shown in FIG 21. 1In the figure, F[err]
and F4 indicate OFF selection franes, F2 and F3 indicate ON selec- tion
frames, and T1, T2, T3 and T4 are each sel ection peri ods. The |ight

transmttance in the bright state wwth this optical arrangenent was 72
percent, and the contrast ratio between the two states was 88. FIG 22
shows the timng of waveforns applied to sel ected adjacent scanning

el ectrodes when the driving waveforns of this enbodinent are applied to a

matri x conprising plura
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‘el ectrodes and |ine-sequential scanning is performed. Twel fth Enbodi nent An
optically active conpound (E. Merck, Darnstadt, S811) was added to a liquid
crystal material (E Merck, Darnstadt, MI90179) avail able on .the market to
"adjust it to a helical pitch p of %.? [err]m The cell conprised polyimde
al i gnnment | ayers di sposed on a sca ﬁ1ﬁ§ el ectrode group and signa

el ectrode group fornmed fromI| TO and rubbed in opposing paral- le

directions (180 degrees) on the upper and | ower sub- strates separated by a
gap d of 2.0 [err]m When the above liquid crystal material was infused,
the interface pretilt angles near the upper and | ower substrates were
approximately 4 degrees with opposite signs, and since p/4 < d < 3p/4, the
‘orientation of the liquid crystal nolecules took on a 180- degree twi sted
state with a helical axis in the normal direc- tion of the substrate. The
structure of the lj ﬁkg_crystal dispLgM-Pl nt is simlar to that outlined
in FIG 1. The elg t of this configur&ilion geperates two netastable
states with rougﬁ}y‘a 0-degr&t twstie 'fJnlforn) State a roughly a

360-degree tw steg|state dependinchr he applied drivijfg
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wavefornms. We used the liquid crystal panel obtained in this manner to
fabricate a liquid crystal display device with the circuit configuration
shown in FIG 4 in order to confirmthe effectiveness of the invention.

31 A basic outline of this enbodinentzfjifhomn in FIG 23, whereintine is
plotted on the horizontal axis T, 21 indica- tes powering ON of the power
source, 22 indicates the dura- tion the reset pulse is applied, 23
indicates the start of wite scanning, and 24 indicates powering ON of the
illumna- tion nmeans. Assuming a liquid crystal display el enment nmenber with
two nmetastable states which differ fromthe initial orientation state and
that switches between those two netastable states, a configuration is

enpl oyed with a reset pul se period in which a voltage waveform for
switching the initial orientation state to one of the two netastable states

after powering ON 21 is applied and that begins actual wite
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*scanni ng 23 by display data when the illum nation neans is switched ON 24.
If the liquid crystal display elenent is a reflective type and does not
require an-illum nation neans, the itemregarding switching ON of the
“illumi nation neans may, of course, be onmitted. FIG 24 shows an exanple of
the driving waveforns applied to tW&ybgquid crystal l|ayer during reset
pul se period 22. In the figure, T[err] is a period during which a pul se
whose voltage absolute value is greater than the threshold value is applied
to bring about Frederick's transition in the liquid crystal, and T2 is a
period during which a pul se whose polarity is the opposite (201) or the
sane (202) with respect to the |ast pulse of T[err] or whose absol ute val ue
is zero (203) is applied for selecting one or the other of the netastable
states. The waveform of 201 generates a netastable state with a twi st angle
of roughly ([err]-180 degrees) with respect to the twist angle [err] of the

initial state, and the waveforns of 20§ gnd 203 generate g net astabl e state
with a tw st angle of roughly err]+ 8 degrees% voltage of 30 V
< 0 err
0

was applied in T[err] ‘Tﬁ"‘p se auj on o ? and was applied
to the liquid o< 7S v b1
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crystal display device described above, a uniformorientation was obtained
with the waveform of 201 which applied a voltage of -1.5 Vin T[err], and
an orientation with roughly a 360-degree 32 twist was obtained with the

““waveform of 202 and 203 which applied a voltage of +1.5 Vin T[err].
Thirteent h Enbodi nent Using the driv&p wavef orm of the twel fth enbodi nent,
an exanple is described that yields dilar effect by line- sequential
scanning. FIG 25 shows the tim ng when a driving waveformis applied to
(2k + 1) adjacent scanning el ectrodes whose center is the nth el ectrode by
shifting the phase every k nunber of scanning el ectrodes. In the figure,
the phase difference is equivalent to tw pul ses using the waveform of 203
in FIG 24, but the waveformof 201 and 202 in FIG 24 can be used, or the
phase difference may be set as desired. Assuming k = 1, then
| i ne-sequential scanning is perfornmed on
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~every other scanning electrode, and if k [err] 2, then scanning is
performed in bl ocks. As in the twelfth enbodi nent, the waveform of 201
generates a netastable state with a twist angle of roughly ([err]-180
“degrees) with respect to the twist angle [err] of the'initial state, and

t he waveform of 202 and 203 generéQQEZa met astabl e state with a twi st angle
of roughly ([err]+180 degrees). When the liquid crystal display device
descri bed above was applied using the voltage and pul se dura- tion
conditions of the twelfth enbodinent and with k = 1, a uniformorientation
was obtained with the waveform of 201 and a roughly 360-degree tw sted
orientation was obtained with the waveform of 202 and the waveform of 203.
Fourt eenth Enbodi ment FIG 26 shows exanpl es of driving waveforns in the
twel fth and thirteenth enbodi nents conprising a period in which the driving
waveform for generating one of the two netastable states applies a voltage
pul se with an absol ute val ue greater than the threshold value in the
initial state ani;agqgies a voltage pul se group whose absol ute val ue for
generating FrederIB8%'™OCtransition in the liquid crystal nolecules is
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=33 greater than the threshold value of the elenent and a period in which
the voltage absol ute val ue of the voltage pul se group is reduced gradually
or in plural steps and a netastable state with a twi st angle of roughly
“([err]-180 degrees) with respect to7%Pe tw st angle of the liquid cry- stal
inthe initial state is generated. Althe figure, T[err] corresponds to
the period during which Frederick's transition is generated in the liquid
crystal nolecules, and T[err] corres- ponds to the period during which the
vol t age absol ute val ue is reduced. Al so, 301 and 302 indicate the cases
in which the voltage is reduced continuously and in steps, respecti- vely.
By applying this to the aforenentioned |iquid crystal display device, a
net astabl e state with a uniformorientation was obtai ned. By neans of the
met hods described in the twelfth to the four- teenth enbodi ments, the
liquid crystal display goes to a uni-
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formorientation state when the backlight or other illumna- tion neans is
switched ON or when operation begins and the subsequent wite scanning
starts smoothly. Fifteenth Enbodi ment FIG 27 shows the voltage waveforns
“applied to scanning el ec- trodes C12 %é Cerr] and C2n when the.scanning
el ectrodes are divided up into two b é s each conprising a number of n
odd- nunbered rows and n even-nunbered rows and each is line- sequentially
scanned; i.e., they are scanned in the order (Jerr], Cferr], Cerr], .
Cerr], (Jerr], Cerr], derr], ..., (err], in the tine- shared addreSS|ng
of a display elenent conprising a total nunber of 2n (n is an integer)
scanning electrodes (C1, C2, ..., C2n) as shown in FIG 28 and their
timng. In the figure, t[err] is the selection period for scanning

el ectrode Cl, and t[err] is the nonselection period. Imrediately after

tferr], the sel ectioff iod for C3 i @ii<4nnediately after which the
sel ection period fcﬂ< ( not ﬁhomn) IS and tﬁf sel ect pn and scan-
ni.ng of the odd-nunmpéred rows'is finis i T errd . I'n #1e
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~34 follow ng period of T[err], the even-nunbered rows are simlarly

sel ected and scanned such that one screen of information is witten during
T[err] (= T[err] + T[err]). By applying the nmethod des- cribed above to
"the voltage drive waveforns of each %h,the above enbodi nents, the apparent -
scanni ng period could be shorted by é3hal f, and flicker in di splay due to
screen scanni ng could be reduced. Al'so, in this enbodinent, we showed
an exanpl e in which scanning was performed by skipping every other scanning
el ectrode so that one screen of informa- tion was witten by scanning the
screen twi ce, but the num ber of scanning el ectrodes skipped and the
nunber of bl ocks they are divided up into can be set as desired. Wen a
num ber of n scanning electrodes is divided up into bl ocks each having k
scanni ng el ectrodes and one screen is forned by scanning n/k tines,

where the tinme (selection period) required to select one rowis Ts,
then the follomﬁnq_mglﬂc.tionship shoul d be satisfied k/(Ts * n) > fc
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«-fc: critical frequency (Hz) at which an observer becones aware of flicker
Si xt eent h Enbodi nent Since the liquid crystal display el enment of the
i nvention uses two netastable states in display, a witten display is
“retained as a nenory condition over a fixed period (Tm bel ow). Therefore,
t he continuous scanning of all scanQZp el ectrodes is perforned in cycles
defined by fref > 1/Tm (Hz) and upoh | etion of one continuous scanni ng,
the display of an entire screen can be naintained by |ine-sequentially

applying a selection waveformin the period 35 1/fref - Ts * n
(n: all scanning electrodes) to only the scanning el ectrodes containing the
area where it becones necessary to rewite the display information. When

we applied the above nmethod using fref = 1.67 x 10[err] to the
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~driving waveforns of each of the above enbodi ments, except for the period
during which scanning of the entire screen was perforned in one cycle every
60 seconds, there were no opti- cal fluctuations in areas where display

“information was not rewitten, and ijJ, areas where.it becane necessary to
rewite display information (scanniﬁg/RIne nunber ns), display was realized
in which overall flicker was reduced because partial scanning was perforned
at a frequency of 1/.(Ts.ns) Effectiveness of the Invention As descri bed
above, by neans of the liquid crystal display device of the invention, a
hi gh speed nmultiplex-driven liquid crystal display device can be realized
with a high contrast ratio and wi de effective view ng angl e by using

swi tching between two netastable states which can be sel ected as desired by
t he applied waveform Al so, since the selected state is retained as a
menory state over a period (approxi- mately 10 m nutes) at |east greater
than the scanning tine for one screen, the invention can be applied to a

hi gh preci- sion display with a |arge nunber of scanning |ines and driven
by sinple matrix driving. The invention is applicable to not
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-only direct-view liquid crystal display devices but also to various types
of light valves, spatial |ight nodul ators, the print head of electronic
. phot ogr aphi ¢ systens, etc. 36 claim 1. A liquid crystal display device
~having a chiral nematic liquid crystal sandw ched between a pair of
transpa- rent el ectrode substrates 33/ #, 5) equipped with liquid cry- stal
alignnent layers (2), where said chiral nematic liquid crystal has a
twi sted structure of twist angle [err] inits initial state and has two
nmet astabl e states different fromsaid initial state as relaxation states
after the voltage that brings about a Frederick's transition in said
initial state is applied, wherein a voltage applied to bring about the
Frederick's transition is a voltage pul se greater than the threshold val ue
inthe initial state (V[err]) and the two netastable states (Vthl, Vth2)

and a voltage applied after
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-that to select one of the two netastable states is a voltage pul se sel ected
using the critical value (Vthl, Vth2) that generates one of the two
net astabl e states as a reference. 2. A liquid crystal display device

“having a chiral nematic liquid crygéal, sandwi ched between a pair. of
transpa- rent el ectrode substrates égbipped with liquid crystal align- nent
| ayers, where said chiral nematic liquid crystal has a tw sted structure of
twist angle [err] inits initial state and has two netastable states
different fromsaid initial state as relaxation states after the voltage
that brings about a Frederick's transition in said initial state is
applied, wherein a voltage applied to bring about the Frederick's
transition is a voltage pul se greater than the threshold value in the
initial state and the two netastable states, a voltage applied to sel ect
one of the two netastable states is a voltage pul se selected using the
critical value that gene- rates one of the two netastable states as a
reference, and a voltage applied during a period the sel ected netastable

state
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+37 is to be maintained is a voltage pulse |lower than the thres- hold val ue
in the two netastable states. 3. The liquid crystal device of claiml1l or 2
wherein the angles ([err], [err]) forned hy the director vectors at the
“interfaces between the liquid crysggkﬁgnd each of the liquid crystal
alignnment |ayers, with the respective surface of the pair of transparent
el ectrode substrates in the initial state have opposite signs. 4. The
liquid crystal display device of claiml1, 2 or 3 wherein of the tw st
angles of the liquid crystal nolecules in the two netastable states, one is
[err]-180 degrees and the other is [err]+180 degrees. 5. The liquid crystal
di splay device of clains 3 and 4 wherein the device has plural critical
val ues and the netastable state having a twi st angle of [err]+180 degrees

is selected when the glsolute valueTof_ the voltage pulise applied to select
one of the netastable %t tes is bel? the critical valjue of the | owest
absol ut e val ue. > 1FE il
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- 6. The liquid crystal display device of clains 3 and 4 wherein the device
has plural critical values and the netastable state having a tw st angl e
of [err]-180 degrees is selected when the absol ute value of the voltage

- pul se applied to select one of th tastabl e-states is a val ue between the
critical value of the | owest abso value and the critical value of the
next | owest absolute value. 7. The liquid crystal display device of any one
of the preceding clains 1 wherein a scanning el ectrode group and a signal

el ectrode group are di sposed on the pair of transpa- rent el ectrode
substrates, respectively, and the picture ele- nents conprising those
respective groups are driven by tinme- shared addressing. 38 8. The
liquid crystal display device of any one of the preceding clains wherein
the voltage pulse to bring about the Frederick's transition is applied in a

first period, the vol-
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tage pulse to select one of the two netastable states is applied in a
subsequent second period, and the voltage pulse to maintain a sel ected one
of the nmetastable states is applied during a third period. 9. The liquid
"crystal display device of claim8 @#fge- in the twist angle of the |iquid
crystal nolecules in a netastable state is [err]+180 degrees when the

absol ute value of the voltage pulse in the second period is between zero
and the critical value. 10. The liquid crystal display device of clains 7
and 8 wherein the selection period in time-shared addressing is the first
period and second period and the nonsel ection period is the third period.
11. The liquid crystal display devidF OPE lains 7 and 8 wherein the
selection period in time-shared ad regsi é i s the second period and the
nonsel ection period is the thhéd pjﬁ%ﬁﬂ‘%ﬁﬁhthe-first period. 12. The
liquid crystal device of clains® 7Jand| 8 wherein all picture el ements have

a first period and a second peri od jperdre yYnder goi ng ti me-shared
addr essi ng.
0 el
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*13. The liquid crystal device of claim12 wherein all picture elenents have
the same tw st angl e before undergoing tine-shared addressing, nanely
[err]-180 degrees or [err]+180 degrees. 14. The liquid crystal device of
‘claim 12 wherein all picture elenents R8Mz8 a first period and a second -
period sinultaneously. 15. The liquid crystal device of claim12
wherein all picture elenents have a first period and a second peri od
sequentially every plural nunber of scanning electrodes. 16. The liquid
crystal device of claim12 wherein all picture elenments have plural first
peri ods and second periods. 17. The liquid crystal device of claim7 and 8
wherein in the scanning engtrode grou n i nteger nunber n of scanning

el ectrodes is divided up into bl ocks each bl ock conprising an integer

nunber k (k [err] n) of sc1nning electr7des
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+and each block is line-sequentially scanned such that each screen is
time-shared n/k tinmes. 18. The liquid crystal device of clains 7 and 8
where- in only the scanning el ectrodes including picture elements that nust
"be rewritten after the scanning el ect3gggs are scanned in one cycle are
provided with a first period and a second period and are driven by

ti me-shared addressing. 19. Driving nethod for a liquid crystal display
devi ce that sandw ches chiral nematic liquid crystal between a pair of
transparent el ectrode substrates equipped with liquid cry- stal alignnment

| ayers, where said chiral nematic liquid cry- stal has a twisted structure
inits initial state and has two netastable states different fromsaid
initial state as rel a- tion states after_the voltage that brings about a
Frederick's transition é& said initial sthQe is applied, wherein after the
Frederick's transition |s brought about gne of the nmetastable states is

generated by applyi e P who-6-8~—abs 0 e value is selected
using the cri- tica vaI e t at gengr at es/ one of thé netastable states as a
reference, after whjch th&gél ected MetaStable sfate i s main-
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tai ned by applying the voltage pul se bel ow the threshold value in the two
net ast abl e states. 20. The driving nmethod for a liquid crystal display
device of claim 19 wherein a scanning el ectrode group and a si gnal
~ el ectrode group are di sposed on the'ﬁ?%i of transpa- rent el ectrode
substrates, respectively, and the pic e ele- ments conprising those
respective groups are driven by tinme- shared addressing. 21. The driving
met hod for a liquid crystal display device of claim20 wherein Frederick's
transition is brought about and one of the netastable states is selected in
the selection period in tinme-shared addressing and the sel ected netastable
state is maintained in the nonsel ection period. 22. The driving nethod
for a liquid crystal ggfplay device of claim20 wherein one of the
net astabl e states is ected in the selection period in tinme-shared
addressing and the selgkcted netastabl e dtlate is mai ntained and Frede-
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.rick's transition is brought about in the nonsel ection period. 23. The
‘driving nethod for a liquid crystal display device of claim20 wherein
Frederick's transition is brought about for all picture elenents and one of
*the netastable states is selected betgggztine-shared addr essi ng.
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