“Bi stable ferroelectric liquid crystal display The invention relates to a
liquid crystal display cell having a chiral ferroelectric snmectic liquid
crystal l|ayer consisting of an achiral [err] host m xture consisting of at
l east two liquid crystal conponents, at |east one of which has a tilted i
snectic phase (e.g. Sc), and one or nore chiral dopants which individually
or together induce a helical pitch p <1 [err] inthe mxture, with a
spont aneous polarisability P> 10 nCcnR2 and an Sc tilting angle of 0 >
[err], and the structure of which can be so influenced by the action of an
electric field that its optical anisotropy changes, a pair of transparent
pl ates enclosing the liquid crystal and conprising-el ectrodes for
generating an electric field therein, at |east one plate having a surface
structure which aligns the nol-ecules of the liquid crystal, and two crossed
pol arisers, one disposed in front of and one behind the I|qU|d crystal
cell. Liquid cr taI ceIIs of the aforenentloned ki nd, depending on the
nat ur e of te ' < i d y8531ludiSPhP¥n a strong electric
field (e.g. 10 VYu) S smntched on or off In nost cases, sw tching-on
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1980, pages usable In practice was déscribed for the
first tineCPRSEPLARGEOEf72E. 1?98&‘#15@ %ésuadl sygstal eegponents,

-géf _ at least one of which has a tilted smectic phase (e.q.
' Sc), and one or more chiral dopants which individually

or together induce a helical pitch p < 1lum in the
mixture, with a spontaneéus polarisability P > 10
nC/cm®* and an Sc tilting angle of © > 10°, and the
- structure of which can be so influenced by the action
of an electric field that its optical anisctropy
changes, a pair of transparent plates enclosing the
liquid crystal and comprising electrodes for generating
an electric field-therein, at least one plate having a
surface structure which aligns the molecules of the
liquid crystal, and two crossed polarisers, one
disposed in front of and one behind the liquid crystal

et cell.

Liquid crystal cells of the aforementioned kingd,
depending on the nature of the liguid crystai, react in
various ways when a strong e;ectric field (e.g. 10 V/n)
is switched on or off. 1In most cases, switching-on
results in an approximately homogenous structure
(possibly with a number of dislocations) whereas
switching-off may result in a helix, as is the case in
DHF cells, the basics of which are described in B. I.
Ostrovski, Advances in Liquid Crystal Research and
Applications, Oxford/Budapest, 1980, pages 469 ff. A
DHF cell usable in practice was described for the first
time in EP-A-309 774. It comprises a layer of high-



-2~ fwi'st ferroelectric liquid crystal with the helix axis parallel to the
defining plates. Application of a voltage between the plates so deforns the
helix that the transm ssion changes in conbination with the polarisers
di sposed in front of and behind the liquid crystal |ayer. The known Surface
Stabilized Ferroelectric Liquid Crystal (SSFLC) effect of Lagerwall and
Clark is different in nature, its main characteristic being that the helix
which normally forms in the liquid crystals is suppressed by interaction
with the surface. In order for the suppression to occur, the pitch of the
hel i x nmust be considerably |onger th@n-the thickness of the display. This
effect is described in Mol. Cryst. Liq. Cryst. 94 (1983), 213-134 and 114
(1984), 151-187. European patent application EP-A-0 283 916 ( No.

88104176.8) describes another diquid crystal display which also uses |iquid
crystals having a small pitch. In this device, the structure of the liquid
crystal in_ the conprises honn%%ﬂeously-oriented boundary |l ayers (as in

cell ) . J .

SSF-LCDs) &Hdsk %&FF?Q EFFERGr &1 ETYSTeli Bithr theehedix axps
di sadvant apatatfieflheok mhen dedlind nigs pibakst.heapplt batlionabk arientation
causes difficulties. (A so, .the "nenory sw tching, angles” ar onsi derably
smal | er thgﬁigﬁéeopFFWﬁ nOFEFéP}f.efhéoh%%FSFthEﬁﬁnbngﬁoﬁgﬁg to elimnate
t hese di sadhentxgesmission changes in combination with the

polarisers dispoSeé in front of and behind the& ligquid

crystal layer. '

The known Surface Stabilized Ferroelectric hiquid
Crystal (SSFLC) effect of Lagerwall and Clark is .
different in nature, its main characteristic being that
the helix which pormally forms in the liquid crystals
is suppfeséed by iptéraction with the surface. In
order for the suppfession to occur, the pitch of the
helix must be considefably longef than the thickness of:
the display. Thisfeffect is described in Mol. Cryst.
Lié. Cryst. 94 (1983), 213-134 and 114 (1984), 151-187.

European patent application EP-A-0 283 916 (No.
88104176.8) describes another liquid crystal display

e’ . which also uses liquid crystals having a small pitch.

' In this device, the structure of the liquid crystal in
the cell comprises homogeneously oriented boundary
layers (as in SSF+-LCDs) and a helix structure in the
interior of the cell.

The disadvantages of the known cells is that the
critical wall orientation causes difficulties. Also,
the "memory switching angles" are considerably smaller
than the optimum of 45°. The aim of the invention is
to eliminate these disadvantages.



-3- According to the invention, this is achieved by a cell of the
initially-described kind, characterised by the features disclosed in claim
1. It has surprisingly been found that if the liquid crystal has the right
conposition the helix does not formor its formation is greatly del ayed
(for, seconds to hours) and the honpbgeneous structure is maintained in that
it is stabilised by a network of parallel dislocations visible as dark

| i nes under crossed polarisers. If afieldis briefly applied in the
opposite direction, a honbgeneous structure again forns but its optical
axis is rotated fromthe first direct3g oen through the "bistable sw tching
angle". This can be used for bistable switching between two stable or
guasi - stabl e positions of the director. This effect is also observable in
thick cells (e.g. 25u). Thisds in contrast to the SSFLC effect. The cel
according to the invention has a nunber of inportant advantages. It has
great brightness. In contrast to SSF-LCDs, the "nenory switching angle" is
al nost t heASEPEIARTt KO §Mq(ﬁﬁﬁ%@ﬁ&ﬁ@het@ﬂssaﬁuﬁébiéﬁﬁdib&.atﬁélaistable

structure b¥ ehbl Gnartilay 1t-BiiddrSSR_EKIAAG! chaactelriags. bhs the esul t,
ga};gﬁrhnegg%égig%t%géggé%p 33& %E% 3;e obt ai nabl e. The cell has short
g ; xtures have hi gh spontaneous
pol ari sation, that
It has surprisingly been found that if the liguid
crystal has the right composition the helix does not
im; o form or its formation is greatly delayed (for seconds
| to hours) and the homogeneous structure is maintained
in that it is stabilised by a network of parallel
dislocations visible as dark lines under crossed
polarisers. If a.field is briefly applied in the
opposite direction, a homogeneous structure again forms
- but its optical axis is rotated from the first -
direction through'the "bistable switching angle". This
can be used for bistable switching between two stable
or quasi-stable positions of the director.

- This effect is also observable in thick cells (e.g.
25p). This is in contrast to the SSFLC effect.

The cell according to the invention has a number of
‘important advantages.

It has great brightness. In contrast to SSF-LCDs, the
"memory switching angle" is almost the same as the
switching angle on saturation, i.e. the bistable
structure is efficiently stabilised even at zero
voltage. As a result, optimum memory switching angles
{(45°) are obtainable.

The cell has short switching times. It is because the
LC mixtures have high spontaneous polarisation, that



~-4: the'switching tinmes are correspondingly short. There are no probl ens of
"pitch conpensation' or the like. The choice of cell thickness is:
relatively unrestricted. The bistability is not due to s surface effect,
tand consequently there is no restriction in the choice of cell thickness.
However, thin cells are best [err] = [err] with = wavel ength [err].
Finally, the wall orientation is less critical than in the prior art. The
bi stabl e structure of the liquid crystal layer is substantially determ ned
by t-he applied field, and the surface is not responsible for bistability
but only for the alignment of the smgctic planes on transition to the [err]
phase. Exenplified enbodi nents of the invention will now be described with
reference to the acconpanying drawings, in which: Fig. 1 is a diagramatic
peérspective view of a small portion of a liquid crystal cell according to a
preferred enbodi nent of the invention; Fig. 2 shows the texture of the cel
in a preferred enbodi nent of the invention; Fig. 3 shows the texture of a
prior-art BHE seliltching timsisowsepsorrespangdngdyssfgatce fT&ergctuating the

cell in Figrelno?Bdoblems of 'pitch compensation' or the like.

The choice of cell thickness is relatively
unrestricted. The bistability is not due to a surface
effect, and consequently there is no restriction in the

Xﬁ« ' choice of cell thickness. However, thin cells are best
(An.d = >y2 with >\= wavelength (0.55u))."

Finally, the wall orientation is less critical than in
the prior art. The bistable structure of the liquid
crystal layer is substantially determined by the
applied field, and the surface is not responsible for
bistability but only for the alignment of the smectic
planes on transition to the Sc* phase.

Exemplified embodiments of the invention will now be'_
described with reference to the accompanying drawings,
in which:

Fig. 1 is a diagrammatic perspective view of a small
portion of a liquid crystal cell according to a

preferred embodiment of the invention;

Fig. 2 shows the texture of the cell in a preferred
embodiment of the invention;

Fig. 3 shows the texture of a prior-art DHF cell;

Fig. 4 shows part of a pulse segquence for actuating the
cell in Fig. 1, and



-5- Fig. 5 shows the transmttance of a 1.8p thick cell, in the case of the
pul se sequence shown in Fig. 4. As Fig. 1 shows, the liquid crystal cel
conprises a liquid crystal layer 1 disposed between two substantially

pl ane-parallel glass plates 2, 3. Instead of glass, the plates can be nmade
from anot her transparent material such as acrylic glass or plastic sheets.
The spaci ng between the plates is obtained in known manner, using pol yner
bal | s having a dianeter of 2p. The plates are thus spaced apart by d =
1.8u. A polariser 4 is disposed in front of the front plate 2 and connected
thereto e.g. by sticking. polarlseg S5 is simlarly associated with the
rear plate 3. The surfaces of plates®2, 3 facing the liquid crystal have
g%e conventional el ectrode coati ngs, whi ch are segnented to represent
characters or imge dots. The portion of a cell shown in the draw ng
conprises only a single electrode segnent 6 on plate 2 and a facing

el ectrode segnent 7 on the rear plate 3. The surfaces -of the glass plates
faci ng theFiigqus'sdsnowstahe transhbetanderosusf Bees, thiekateDl)reat ed so

t hat they Eﬁ% %% £egﬂéongi?§ffeq&%ﬁg?gﬁga%g{ﬂéeﬁ}?ec ui d-crystal

nmol ecul es an etern1 or. In-the present'
description, the result of  this treatnment is called "surface orientation”

One known ggtheg, of §H6'I:§(:etﬂé'f{'&@$d0ﬁr§§t£? EPY! BombResbOngr Surfaces of
t he gl ass flates with a PVA Tayer Ichis rub in o ﬁlrectlon The
di recti onsti@uid crystal layer l disposed between two

substantially plane-parallel glass plates 2, 3.

= Instead of glass, the plates can be made from another -
transparent material such as acrylic glass or plastic
sheets. The spacing between the plates is obtained in
known manner, using polymer balls having a diameter of.
.2p. The plates are thus spaced apart by d = 1.8p. A
polariser 4 is disposed in front of the front plate 2 .
and connected thereto e.g. by sticking. A polariser 5
is similarly associated with the rear plafe 3.

The surfaces of plates 2, 3 facing the 1i§uid crystal
have the conventional electrode coatings, which are
segmented to represent characters or image dots. The
portion of a cell shown in the drawing comprises only a
single electrode segment 6 on plate 2 and a facing -
electrode segment_7 on the rear plate 3.

The surfaces of the glass plates facing the liguid
crystal, i.e. the inner surfaces, are also treated so
that they exert a directional effect on the adjacent
liquid-crystal molecules and thus determine the
direction of the director. In the present description,
the result of this treatment is called "surface
orientation".

One known method of surface orientation is to provide
the inner surfaces of the glass plates with a PVA layer
which is rubbed in one direction. The directions in



»6- whith the two plates are rubbed are approximtely parallel.
Measurenents on cells in which only one plate was rubbed, have shown that
the initially-mentioned dislocation Iines are rotated through an angle a of
about 4 to [err] relatively to the direction of rubbing. In a given liquid
crystal mxture the rotation is always in the sanme direction relative to
the direction of the normal to the liquid crystal layer. It is therefore
particul arly advantageous to rub the two plates so that the dislocation
lines near the plates are parallel, i.e. one plate is rubbed after being
rotated through an angle 2a relatively to the other plate. This avoids

di sturbances to the parallelismof the dislocation |lines, which would occur
iif the two plates were exactly parallel when rubbed. Another possible

met hod of obtaining optinum par-al l elismof the dislocation lines, is to rub
only one of the two plates. In general, it is assuned that the two bistable
states becone nore stable when the parallelismof the dislocation lines is

i nproved. ARREBAT tkAOWRIONBLADEs Odr & UFhBIEd OaT€NdphORiIhat 8Dy que vacuum
met al i si ng_of Qiignting | ayers, etc. Surface orientation occurs mainly in
the [err] pR&58 above the [err] phase, the result being that the snectic
pl anes are di sposed perpendicularly to the direction of rubbing (the

"b°°k5he'f"méééﬂﬁéméﬁ{s SHec8YIL 3R which only one plate was

rubbed, have shown that the initially—mentionéd

dislocation 1ines are rotated through an angle a of

P ébout 4 to 8° relatively to the direction of'rubbing.
In a given liquid crystal mixture the rotation is

' always in the same direction relative to the direction -

of the normal to the liquid crystal layer. It is
therefore particularly a&vaﬁtageous to rub the two
plates so that the dislodation lines near the plates
are parallel, i.e. one plate is rubbed after being
rotéted through an_angie 2a relatively to the other
plate. . This avoidé disturbances to the parallelism of
the dislocation lines, which would occur if the two
plates were exactly parallel when rubbed.

Another possible method of obtaining optimum
parallelism of the dislocation lines, is to rub only
one of the two plates. ‘

In general, it is assumed that the two bistable states
become more stable when the parallelism of the
dislocation lines is improved.

Another known method of surface orientation is oblique
vacuum metallising of orienting layers, etc.

Surface orientation 9ccdrs mainly in the S, phase above
the Sc* phase, the result being that the smectic planes
are disposed perpendicularly‘ to the direction of
rubbing (the "bookshelf" structure). The surface
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S<* phase there is no change in the dlrection of the
planes, or at least. in the direction of the straight
lines of intersection between the smectic planes'ahd
the electrode surfaces. The director itself can rotate
away from the direction of rubbing.

The polariser 4 belonging to the front plate is
disposed at an angle B8 to the axis of the helix or the
direction of the dislocation lines. The polariser
belonging to the rear plate is rotated through an angle
of 90° relatively to the front polariser. The _ |
directions of polarisation are shown by the long arroﬁs
in Fig. 1. This arrangement of polarisers is a
preferred exemplified embodiment. Other arrangements
are possible and likewise give good results. The
suitable polarisef_arrangements can be determined
without difficulty by simple adjustment.

The liquid crystal 1 is a chiral smectic ferroelectric
crystal, frequently described as smectic C (Sc) in the
literature. Liquid crystals of this kind are known
from the literature. They are characterised by the
fact that their molecules are disposed not at right
angles to the smectic planes but at a certain angle,
the smectic tilt angle ®.. The chirality is due to the
fact that, unless influenced by walls or electric
fields, the directions of the molecules are not
parallel in all the layers, but are turned in different



*fact ‘that,

unl ess influenced by walls or electric fields, the directions of

the nolecules are not parallel in all the layers, but are turned in

di fferent

-8- directions in different layers, resulting in an overal

helical twist. The liquid crystal is preferably a m xture of an achiral
[err] host m xture conprising at |east two LC conponents, at |east one
containing a tilted snectic phase (e.g. [efr] and one or nore chiral
dopants which individually or .together induce a helical pitch p <1 [err]

t he spontaneous polarisability of the total mxture being P > 10 nC/cnR2 and

the [err]

tilt angle of the final m xture being [err] . The foll ow ng

val ues are particularly preferred:'p3<‘0.8pn1 P> 20 [err] and O > [err].
%LXtures of the follow ng conponents have been found particularly suitable:

: 5 - 30 wt.% of a phenyl benzoate conprising a cycl ohexyl radical
bonded via a flexible group. Such substances are described e.g. in EP-A-0O
269 963 (formula I X). 2. 30 - 85 w.%of other [err] materials as

descri bed

| : ; Py A; 69 Vs la VI),
ohonyl pyr (ArePELEAS) BITALL ORELER Qo Br gD bt tng LECUE ISl 2 V)
al kenyl - suB8liead ebWibpounds (fornula X), tricyclic pyrimdines (fornula

XI) and di

' p'< lum, the spontaneous polarisability of the total

oxan derivatives (forrmula I).

The liquid crystal is preferably a mixture of an !
achiral S. host mixture comprising at least two LC !
components, at least one containing a tilted smectic |
phase (e.g. Sc), and one or more chiral dopants which.

individually or together induce a helical pitch

mixture being P > 10 nC/cm?® and the S. tilt angle of
the final mixture being © > 10°. The following values
are particularly preferred: p < 0.8um, P > 20 nC/cm2

and © > 17°.

Mixturés of the fdliowing components have been found
particularly suitable: - '

1. 5 - 30 wt.% of a phenyl benzoate comprising a
cyclohexyl radical bonded wvia a flexible group.

Such substances are described e.g. in EP-A-0 269
963 (formula IX).

2, 30 - 85 wt.? of other S. materials as described in
the aforementioned EP-A-0 269 963, e.g. esters (formula
V1), phenyl pyrimidines (formula VII), phenyl pyridines
(formula VIII), alkenyl-substituted compounds (formula
X), tricyclic pyrimidines (formula XI) and dioxan
derivatives (formula I).

3. 10 - 40 wt.3 of chiral dopants with two terminal
chiral groups as described in European patent



23,7 «10 - 40 wt. % of chiral dopants with tmo term nal chiral groups as
described in European patent -~ -9- applicatioon EP-A-0 339 414 (.No.
89106808.2) (formula I) or in EP-A-0 213 841 and WD 87/05017. Preferred
chiral dopants include optically active conmpounds havi ng the general
foraula: [err] where n stands for the nunber 0 or 1; the rings A, B and C
I ndependently denote 1, 4-phenyl ene, unsubstituted or.substituted by
hal ogen, cyano, nethyl and/or methoxy and in which 1 or 2 CH groups are
reptaced by nitrogen if required, or one of the rings A, B and C al so
denotes trans-1, 4-cycl ohexyl ene; [Q{éiiaﬂd [err] independently denote a
singl e coval ent bond, [err] [err] - or -O0C-; [err] and [err]
i ndependently denote a single coval ent bond, oxygen, -COO or -0O0OC; [err]

d [err] independently denote-the radical of an optically active terpene
al cohol after splitting off the hydroxy group or a chiral group [err],
[err] [err] or [err] C* denotes a chiral carbon atom [err] denotes
Lluorine,lﬁ PiéaﬁfiﬁYEPOA—OEBBV|AlbyQNaxyaguesbfsyfor(gethglaca?bony:; R3

enotes a eny n err n ny n the above fornula |
[err] and ?gr?T Eé?é&a%}g gﬁihaﬁén§§e82?§ﬁﬁg?é coval ent bond. Preferably
al so, all : ' _
Preferred chiral dopants include optically active

compounds having the general formula:

<

where n stands for the number 0 or 1; the rings A, B
and C independently denote 1,4-phenylene, unsubstituted
or Substitutéd by halogen, cyano, methyl and/or methoxy
and in which 1 or 2 CH groups are replaced by nitrogen
if required, or one of the rings A, B and C also
denotes trans-1,4-cyclohexylene; Z* and Z=
indépendently denote a single covalent bond, -CHzCH=-,
~OCHz~ -CH20- -COO- or =~00C-; 23 and Z* independently
denote a single covalent bond, oxygen, -COO- or -00C-;
R* and R? independently denote the radical of an .
optically active terpene alcohol after splitting off
the hydroxy group or a chiral group -C*HX*-R3,
-CH.~C¥HX*-R®, -~C*H(CHs)-COOR3, -C*HR*COOR?®,
-C*H(CH3)-CH20R®, -C*H(CHs)-CH=COOR® or

~-C*H(CHs )-CH2CH-0R®; C*%* denotes a chiral carbon atom;
X* denotes fluorine, chlorine, Cyano, methyl, hydrozxy,
methoxy or methoxycarbonyl; R® denotes alkyl or alkenyl
and R* denotes phenyl. '

In the above formula I, 2* and 22 preferably each
denote a single covalent bond. Preferably also, all
the rings A, B and C are aromatic, more particularly




the'rings A, B and C are aromatic, nore particularly 1, 4- phenyl ene, Z3
preferably stands for -OOC- and [err] stands for -COO . One preferred group
of chiral dopants conprises those optically active conmpounds of fornula I
in which n stands for the nunber 1; the rings A, B and C i ndependently
denote 1, 4-phenyl ene unsubstituted or substituted w th hal ogen, cyano,

nmet hyl and/or methoxy, and in which 1 or 2 CH groups are repl aced by
nitrogen if required. [err] and [err] each denote a single coval ent bond,
Z3 denotes [err] and [err] denotes -COO; [err] and [err] independently
denote the radical of an optically active terpene al cohol after splitting
of f the hydroxy group or a chiral group-[err] or [err]; C* denotes a chiral
gar.bon atom [err] denotes fluorine, chlorine, cyano, nethyl or nethoxy,
amd R3 denotes al kyl or al kenyl-. The expression "1, 4-phenyl ene
unsubstituted or substituted wth hal ogen, cyano, nethyl and/or methoxy, in
which 1 or 2 CH groups are replaced by nitrogen if required" according to
the invention, conprises gr oups such_ as 1, 4-phenyl e

f1 uoro- 1, 4- bhérphengleray of3- PIeﬁeﬁﬁBRYIéﬁénd§y§ﬂ6 IOQCphéﬁ9I§ne

2, 3- dlcyanosgands pbenyceoe. nethyl -1, 4-phenyl ene, net hoxy-1, 4- phenyl ene,
pyridine-2,5-diy|, pyrinidine-2,5-diyl, pyrazine-2,5- diyl,

pyri dazi ne-3,6-diyl and the like. The term "hal ogen" conprises fluorine,

chl ori ne, bonei peefiadreddgreuppo€f ehdbhy 8bpantaecampribésrthese

optically active compounds of formula I in which n
: stands for the number 1; the rings A, B and C

hat independently denote 1,4—phenylene.unsubstituted or
substituted with halogen, cyano, methyl and/or methoxy,
and.in which 1 or 2 CH groups are replaced by nitrogen
if required. Z* and Z2 each denote a single covalent
bond; Z* denotes -0QC- and Z* denotes -COO~; R and R=
independently denote the radical of_an optically active
terpene alcohol after splitting off the hydroxy group
or a chiral group -CH¥XR*® or -CHz-C*HX-Ra;
C* denotes a chiral carbon atom, X* denotes fluorine,
chlorine, cyano, methyl or methoxy, and R3 denotes
alkyl or alkenyl.

Aot The eipression "1, 4-phenylene unsubstituted or

' - substituted with halogen, cyano, methyl and/or methoxy,
in which 1 or 2 CH groups are replaced by nitrogen if
required"”, according to the invention, comprises groups
such as 1,4-phenylene, fluoro-1,4-phenylene, chloro-
1,4-phenylene, cyano-1,4-phenylene, 2,3-dicyano-1,4-
phenylene, methyl-~1,4-phenylene, methoxy-1,4-phenylene,
pyridine-2,5-diyl, pyrimidine-2,5~diyl, pyrazine-2,5~
diyl, pyridazine-3,6-diyl and the like.

The term "halogen" comprises fluorine, chlorine,
bromine and iodine, preferably fluorine and chlo:ine.

The expression "radical of an optically active terxpene
alcohol after splitting off the hydroxy group” denotes



The expression "radi cal of an optically active terpene al cohol after
splitting off the hydroxy group" denotes the group T of an optically
active terpene al cohol having the formula TOH The term "terpene al cohol”
is well known to the skilled addressee, e.g. from Ronpps Chem e-Lexi kon,
Vol ume 6 (1977), and denotes al cohols derived from nonot erpenes. The term
"nmonot er pene” includes terpene hydrocarbon [err] and hydrogenati on and
dehydrogenati on derivatives thereof. The foll owi ng are exanpl es of
"preferred optically active terpene al cohols: (1R 2S,5R)-(-)-nenthol,
(1S, 2R 5R)-(+)- isonmenthol, (1S, 2S, 3S,5R)-(+)-isopinocanpheol, (1S)-(-
)-borneol, (1R)-(-)-nyrtenol, (IS, 25 %RL-(+)- neonenthol, (-)-carveol,

(#)° dlhydrocarveol (+)- terpinene-4-ol,. (+)-a-terpineol and the like. The
t &rirs "al kyl" and "al kenyl " i ncl ude stralght chain and branched radicals,
preferably with not nore than 15 carbon atons, such as nethyl, ethyl,
propyl, isopropyl, butyl, isobutyl, pentyl, hexyl, hept yl , octyl, nonyl,
vinyl, 1-propenyl, 1-butenyl, 1-pentenyl, allyl, 2- butenyl, 2-pentenyl,

3- but enyl &hpemm@mp T ofphem epticl-lyeatilve Gerpenenplcabelt he |ike.

Production glavilly thedm\ﬁ TS Cede:th WhSrPbRd itlhfcAncas or can be

carried out y si'm nmet hods. e foll ow ng conpounds are exanpl es of

parti cul ar | yeddefoomay téhithe shdgddeds a(d@r@@t%ﬁeseager§§% ROF®DShase, [err]
denotes a Clinedli eSTRG KON nﬁa&m [erriloTdenobed Acndrels el Ch

denotes a chol esteric phase and
def%ved fréﬁ monoterpenes The term "monoterpene”

K:f includes terpene hydrocarbon CaoHis and hydrogenation .
and dehydrogenation derivatives thereof. The following
are examples of preferred optically active terpene
alcohols: (1R,28,5R)-(~)-menthol, (1S,2R,5R)-(+)-
isomenthol, (18,2S,3S,5R)~-(+)-isopinocampheol, (18)-(-
)-borneol, (1R)-(-)-myrtenol, (18,2S,5R)~(+)~
neomenthol, (-)-carveocl, (3)=dihydrocarveol (+)-
terpinene-4-ol, (+)-a-terpineol and the like.

The terms "alkyl" and "alkenyl" include straight-chain
. and branched radicals, preferably with not more than 15
carbon atoms, such as methyl, ethyl, propyl, isopropyl,
butyl, isobutyl, pentyl hexyl, heptyl, octyl, nonyl,
ghf vinyl, l-propenyl, l-butenyl, 1l-pentenyl, allyl, 2-
' butenyl, 2-pentenyl, 3-butenyl, 3-pentenyl, 4-penteny1,
5-hexenyl, 6-~heptenyl and the like.

Prbduction of chiral dopants is described in the cited
references or can be carried out by similar methods.

The following compounds are examples of particularly
preferred chiral dopants (C denotes a crystalline
phase, S.* denotes a chiral smectic C phase, Sa denotes
a smectic phase A, Ch denotes a cholesteric phase and I
denotes the isotropic phase, the spontaneous
polarisation P, was measured for a mixture of 5 wt.$% of
the dopant and 95 wt.% of 4-octyloxybenzoic acid-4-



~deffofes’ t he i sotropic phase, the spontaneous polarisation P. was neasured
for a mxture of 5 w.% of the dopant and 95 wt. % of 4-octyl oxybenzoic

aci d- 4- - 12 - hexyl oxyphenyl ester, and [err] is the extrapol ated val ue
of the spontaneous polarisation): 4,4"

-di -[2(R) - cyano 1- propyloxycarbonyl]]ﬁ'terphenyl mp. [err] P = [err] =
[err]; 4,4"-di-[2(S)-chloro-2-pentyl oxycarbonyl]-p-terphenyl, mp. [err]
clar. tenp. (CH.I) [err]
4,4“-di-[2(R)-chIoro-4-nethy|-1-penty|oxycarbony|]-p- terpyhenyl, mp.

[err] [err] [err]; 4,4"-di-

[

2(S)- Cyanq;gxfrré hén?Enééﬂ:éﬁ Céﬁéoﬂ.y*]ié) tﬁcﬁrém?f%olé%@d h{v&h:ié = [err]
= rf{r] ?e4f] _s %%FT£§%ﬁ3(52larléagioxycar onyl]-p- terphenyl, mp.
4,4"-d [2(R) cyano- 2- pent yl oxycar bonyl ] - p- terphenyl [err] = [err]
4,4"-di-[2 &h u #%ip clar.

t enp. (C% f éi gzﬁ P Ey%@?yiaépgﬁ% éﬁp% xé?bo €?? %erpyhenyl
mp. [err] m.P= }é9 G, 4P = nC/cm ; Pe® = llnC/cmz'
-di -[2(R) - Cla@@- thZY$QX&ﬁ§6PQDZL$eﬂt§fﬁi§EﬁwﬁonylJ—p-terphenyl,

m.p. (C-Sc*) 106°C, Sc*-Sa 110,2°C, Sa~CH 140°C, clar.
temp. (CH.I) 141°C, Pg = 6.8nC/cm®, P.= = 136nC/cm3;
4,4"-Adi-[2(R)- chloro-4—methyl l-pentyloxycarbonyl]~-p~
terpyhenyl, m.p. 169,4-170,0°C, P. = 9nC/cm®, P, =
180nC/cm?; _ _ '
4,4"-d1—[2(S)—cyapo-4—methy1-1—pentyloxycarbony1}—p—
" terphenyl, m.p. 129-131°C, Po, = 20nC/cm®, P.= =
400nC/cm2-
4 4"-di~[1(R),2(S), 5(R)—menthyloxycarbonyl]-p-
terphenyl, m.p. 168-169°C, Pg = 1lInC/cm?2, Pg= =
220nC/Cn=; -
'4,4"—di [2(R)-cyano—2—pentyloxycarbony1]rp-terphenyl,
Pg = 20nC/cm2 Ps® = 400nC/cm=;
4,4"-di-[2(S)-chloro-1 —butyloxycarbonyl]—p—terphenyl
m.p. {C-Sa) 137.3°C, Sa~CH 139.3°C, clar. temp. (Ch-I)
153°C, P. = 3.4nC/cm?, P.® = 68nC/cm2;
i*/ 4,4"-di-[2(R)~-cyanol-1-butyloxycarbonyl]-p~terpyhenyl,
) m.p. 129.9°C, P = 12.5nC/cm®, P.= = 250nC/cm=;
4,4"-di-[2(R)-cyano-1l-hexyloxycarbonyl]-p~terphenyl,
Po. = 23nC/cm2, P,= = 460nC/cm=;
4,4"-di-[2(S)-chloro-3-methyl-2-butyloxycarbonyl]-p-
terphenyl, m.p. 171.1° C, Pe = 8.0nC/cm®, Pe= =
160nC/cm2;
4,4"-di~[2(R)~cyano-3-methyl-1- butyloxycarbonyl]-p—
terphenyl, m.p. 132.9°C, Pa = 11. 2nC/cmz Po® =
224nC/cm=°



Jerrk; *4,4" -di-[2(S)-chl oro-3-nethyl -2-butyl oxycarbonyl ]-p- terphenyl,
m p. [err] = [err]; 4,4"-di- [2 (R)-cyano-3-nethyl-1-butyl oxycarbonyl]-p-
terphenyl, mp. [err] = [err] = [err]; -13 -
4,4"-di -[ 1(S) - (net hoxycar bonyl ) et hoxy] - p-terphenyl, mp. [err] = [err]
4,4"-di -[1(S)- (et hoxycarbonyl) et hoxy]-p-terphenyl, mp. [err] ;
4,4"-di-[1-(S))-nethyl -2-2(et hoxycarbonyl ) et hoxy]-p- terphenyl, [err] =
[err] . The phenyl pyrimdines having the formula VII given in EP-A-0 269
963- are particularly suitable conmpounds for the aforenentioned [err]
materials. Preferably, the [err] material or the achiral [err] host m xture
contains at |east about 50 wt.% of the_aforenenti oned conpounds. A
articularly preferred mxture consiSts of 10 wt. %
4=decyl oxy- 2, 3-di fl uor obenzoi c- aci d-4- (2-trans- 4-heptyl
cycl ohexyl ) et hyl ] phenyl ester, 21 w.%
5-octyl -2-(4-octyl oxyphenyl ) pyrimdine, 21 w.%
5-octyl - 2- (4- nonyl oxyphenyl ) pyri m dine, 21 wt.%
5-octy lj- ZE (Zz}z}-éd'e@zﬂ-qinwﬂl)eﬂyrlbétpwlﬂyﬁaiimeﬁZ)ét\lNox%] —p-terphen;:cl ; f
4, 44" -di - - QG C on -R-Lerphenyl,. _The e t configuration o
the Iiqui d"bl%/sﬁaﬁtzy'léz}%r ,ag"hd'\/\é\gér‘l,nclt/gmﬁdt %ymoﬁng%ﬁfl%mas’suned that tw sts
and - 4,4"-di-[1(S)-(ethoxycarbonyl)ethoxy]-p-terphenyl, m.p.
91.3°C, Ps = 13.75nC/cm?; P.e = 275nC/cm=; *
4,4"-di-[1-(S))-methyl-2-2(ethoxycarbonyl )ethoxy]-p-

'§,/ _ terphenyl, P. = 3.75nC/cm?; P.= = 75nC/cm=.-

The phenyl pyrimidines havingfthe formula VII given in
EP-A-0 269 963 are particularly suitable compounds for
the aforementiqnéd S. materials. Preferably, the S-
matérial.or the achiral S. host mixture contains at
least about 50 wt.% of the aforementioned compqunds.

A particularly preferred mixture consists of

10 wt.% 4-decyloxy-2,3-difluorobenzoic aéid-4—(2—trans-
4-heptyl cyclohexyl)ethyl]phenyl ester,

EMX 21 wf.% 5—octy1—2-(4—octyloxypheny1)pyrimidine,
21 wt.% 5—octy1-2-(4-nonyloxyphenyi)pyrimidine,
21 wt.%-5—octy1-2-(4—decyloxypheny1§éyrimidine,
27 wt.% 4,4"-di-[2(S)-octyloxycarbonyl ]-p-terphenyl.

The exact configuration'of the liquid crystal layer,
however, is not known. It is assumed that twists and
the like also occur inside the layers but are not at
present measurable. Also, the liquid crystal is in a
dynamic equilibrium, i.e. the structures are subject to
continuous changes. For this reason, no molecular
arrangement is shown in the drawings.



the lki ke al so occur inside the |ayers but are not at present neasurable.
Also, the liquid crystal is in a dynamc equilibrium i.e. the structures
are subject to continuous changes. For this reason, no nol ecul ar
arrangenment is shown in the draw ngs. -14 - On the other hand, the
texture of the liquid crystal in the cell is characteristic and

di stingui shable fromother textures known in the prior art. As shown in
Fig. 2, the texture recorded in a cell according to the invention with a
[ery] thick layer wi thout an applied voltage and between crossed

pol arisers, is characterised by substantially parallel dislocation |ines.
Only one plate has a surface orientagéon produced by rubbing. The texture
shown for conparison in Fig. 3 was Tecorded in a DHF cell of similar
Sttucture, except that the two.plates were rubbed parallel to one another.
As can be seen, this structure has a |lack of directional arrangenent and
thus differs greatly fromthe texture in Fig. 2. The liquid crystal m xture
is filled between the plates when hot, i.e. by capillary action when in the

i sotropic gYatithe HithdrS 1 A HD LB A NS i e ipideda. C.
voltage of 30 V, 10 kHz. If ‘a voltage is applied to %#gptr des 6 and 7, an
electric'HFQQjqgﬁ*N%ﬁhﬁﬁﬁf§9F%4ﬁ§Q¥9mﬂq?(4%&3%999%ﬁP Sri%Mf s the

mol ecul es. d#hdd agditiered Nehown in the prior art. As shown in
Fig. 2, the texture recorded in a cell according to the
invention with a Zn thick layer without an applied

i_/ | voltage and between crossed polarisers, is
characterised by substantially parallel dislocation
lines. -Only one plate has a surface orientation
produced by rubbing.

The texture shown for comparison iﬁ Fig. 3 was recorded
in a DHF cell of similar structure, except that the two
plates were rubbed parallel to one another. As can be
seeﬁ, this structure has a lack of directional
arrangement and thus differs-gréatly from the texture
in Fig. 2. |

The liquid crystal mixture is filled between the plates
1% when hot, i.e. by capillary action when in the
. - isotropic state, and ié cooled to room temperature at
an applied a.¢. voltage of 30 V, 10 kHz.

If a voltage is applied to electrodes 6 and 7, an
electric field is produced in the liquid crystal and
re-orients the molecules. In practice, the
symbolically-indicated voltage source 10 delivers
periodic signals or actuating pulses which can have
opposite polarity in the present cell, as explained in
detail hereinafter.

When the cell has been shaped by an electric field,
i.e. the helix has been wound, the director, when no
field is applied, is in one of two bistable positions.



- syrbol i tally-indicated voltage source 10 delivers periodic signals or

actuating pul ses which can have opposite polarity in the present cell, as
explained in detail hereinafter. Wien the cell has been shaped by an
electric field, i.e. the helix has been wound, the director, when no field
Is applied, is in one of two bistable positions.. -15 - If a suitably
polarised voltage is applied, it can be flipped into the other stable
position, thus altering the light-transmtting capacity of the cell. The

optical contrast is greatest if firstly the angle B is chosen so'that the
light-transmitting capacity is at a minimumin one stable position, and if
secondly the switching angle (the angle bet ween the projections of the

.di-rector on to the plane of the elet ?0des in the two stable positions) is

3

SUbstantially equal to [err]. Test neasurenments were nmade on a cell having
the aforenentioned construction. A pul se sequence, part of which is shown
in Fig. 4, was applied to the cell. The sequence increases linearly from
zero to 26 V. The last pair of pulses is shown. The |eft bipolar pulse

switches the geldu skl bBkridedaVb1ag6CS Lip1EaNt 1¢hRad Byl se switches
fromdark tQ light. Thé w tﬁ o? each _positive na négative pulse is [err].
An i nport aft ipReduiater the otherugtpble Posiid othe thWSr adderinge of the

appl i ed volthagd iightzer@nspittenl egpakceti oEhemeCde1decompasition of the
liquid Cry%%@ibal contrast is greatest if firstly the angle 8 is
_ chosen so that the light-transmitting capacity is at a
KH; minimum in ore stable position, and if secondly the
' switching angle (the angle between the projections of
the director on to the plane of the electrodes in the

two stable positions) is substantially'equal to 45°.

Test measurements were made on a cell having the
aforementioned construction. A pulse sequence, part of
which is shown in Fig..4, was applied to the cell. The
sequence increases linearly from zero to 26 V. The
last pair of pulses is shown. The left bipolar pulse
switches the cell from light to dark whereas the right?
hand pulse switches from dark to light. The width of
each positive and negative pulse is 40usec. An
important feature of this actuation is that the average
value of the applied voltage is zero, preventing
electrochemical'decomposition_of the liquid crystal.

As long as the pulse amplitude is below the switching
time for this pulse 1ehgth, there is practically no
change in light-transmitting capacity, whereas complete
switching occurs above this amplitude. This property
is important for multiplexing; Fig. 5 shows the
corresponding transmission curve for the top liquid-
crystal mixture in a 1.8n thick cell and with the pulse
sequence shown in Fig. 4 at 25°C.




1 ° -

Asl bng" as the pul se anplitude is bel ow the swi tching tf;;~?5F*TﬁT§“TWW1ﬁ%——

| ength, there is practically no change in light-transm t%rm,ﬂm
wher eas conpl ete sw tching occurs above this anplitude. T °'“‘-'#Mﬂ14

ill

important for multiplexing. Fig. 5 shows the corresponding trandi 8sion «
curve for the top liquid- crystal mxture in a 1.8 thick cell and with the
pul se sequence shown in Fig. 4 at [err]. -16- CLAI MS 1. Aliquid
crystal display cell having a chiral ferroelectric snectic liquid crystal

| ayer (1) consisting of an achiral [err] host m xture consisting of at

| east two liquid crystal conponents, at |east one of which has a tilted
snectic phase, and one or nore chiral dopants which individually or together
iﬂduce a helical pitch p <1 [err] t&6the nixture, with a spontaneous

pol arisability P > 10 nCcnR and an [err] tilting angle of [err], and the
structure of which can be so influenced by the action of an electric field
that its optical anisotropy changes in bistable manner, a pair of
transparent plates (2, 3) enclosing the liquid crystal and conprising

electrodescﬁq;A]& ég% generating an electric field therein, at |east one

pl at e havi structure which aligns the nolecules of the liquid
crystal, and two crossed polarisers (4, 5), one disposed in front of and

one behind jthe Iy qyigfiqr ¥4t aG€ldisplay cell having a chiral
ferroelectric smectic liguid crystal layer (13

, consisting of an achiral Sc hbst-mixture consisting of

o/ o at least two liquid crystal components, at least one of
which_has a tilted smectic phase, and one or more
chiral dopants which individually or together induce a
helical pitch p < 1lpm in the mixture, with a
spontaneous polarisability P > 10 nC/c¢m? and an Se
tilting angle of © > 10°, and the structure of which
can be so influenced by the action of an electric field
that its optical anisotropy changes in bistable manner, -

a pair of transparent plates (2, 3) enclosing the
liquid crystal and comprising electrodes (6, 7) for
generating an electric fiéld therein, at least one
plate having a surface structure which aligns the
molecules of the ligquid crystal,

and two crossed polarisers (4, 5), one disposed in
front of and one behind the liquid crystal cell,

characterised in that the liquid crystal
composition is so selected and shaped, by application
of an electric alternating field to the electrodes
until the mesophase. is reached, that the layer has a
non-homogeneous structure having a texture of light and
dark parallel strips between the crossed polarisers.



‘chidracterised in that the liquid crystal conposition is‘so selected and:
shaped, by application of an electric alternating field tﬂmn m

until the nesophase is reached, that the layer has a non- Buﬁ ms"nﬂﬁm
structure having a texture of Iight and dark parallel st¥ips et'wedn §he*
crossed pol arisers. - = 17 2. A liquid crystal cell according to claiml1,
characterised in that both plates (2, 3) are provided with the said. surface

structure and the diréctions of orientation are offset by 8 to [err]
relatively to one another.

:" -17 -

~ -
2. A liquid crystal cell according to claim 1,
characterised in that both plates (2, 3) are provided
with the said surface structure and the directions of
orientation are offset by 8 to 16° relatively’to one
another.

-/



