Bistable ferroelectric-liquid crystal cell 10408 -9
<DESCRI PTI ON The invention relates to a liquid crystal c83 - also
referred to below as display cell - having a ferro- electric, chiral
snectic liquid crystal layer, nanely a cell according to the preanble of
patent claim1. Known liquid crystal cells have a nematic |liquid
crystal configuration and, in accordance with this configuration, are
referred to as TN or STN cells. Here, TNi1s Twisted Nematic and STN i s
Super Twisted Nematic. Such ceIIs are adequate for many applications.
Fbmever thei r i mage pjigaldl 3 v e4 : s ¢

user's angle of view Furthernnre TN and STN ceIIs reqU|re a continuously
applied signal voltage if they are to be used for displaying or storing

i nformation. This nmeans that the celb Rggﬁg%gpade for storage and/or
representation of data wi thout an en iﬁ?f u . An exanpl e of such an
application would be a bank or credit card which, wthout an integrated
battery, can store the account bal ance transferred by a wite and read
device to the card. The inventiquide&ayeSatocalBiqmiﬂlq;ysﬁa&rqmlbc{ric
chiral snectic_liqu stal Ia er belo g to | fferent cel

Cel | s of thlsaﬂﬁﬁé ﬁgﬁg & L beloy /% YIﬁﬁfH cr9§YéP9I3y§Fxﬁﬁich i s

also referredejectric, chiral smectic 1iqu1d crystal layer, namely a

cell according to the preamble of patent claim 1.

Known liquid crystal cells have a nematic liguid
crystal configuration and, in accordance with this
configuration, are referred to as TN or STN cells.

Here, TN is Twisted Nematic and STN is Super Twisted
Nematic. Such cells are adequate for many applications.
However, their image quality is dependent to a very
great extent on the user's angle of view. Furthermore,
TN and STN cells require a continuously applied signal
voltage if they are to be used for displaying or storing
information. This means that the cells are not made for
storage and/or representation of data withéut an energy
source. An example of such an application would be a
bank or credit card which, without an integrated
battery, can store the account balance tranéferred by a

write and read device_to the card.

Liquid c;ystal cells having a ferroelectric,
chiral smectic 1iquid crystal layer belong to a
different cell type. Cells of this type have in fact a
refractive liquid crystal layer which is also referred
to below as an S.* layer and optionally forms a helical

configuration and which can bé influenced or deformed by



to below as an S[err]* layer and optionally forns a helical configuration
«and which can be influenced or deforned by

2 the action of an electric field so that its optical anisotropy changes.
Known ferroelectric liquid crystal cells have a pair of transparent plates
whi ch together enclose the S[err]* layer and are each provided with a
surface structure orienting the nolecules of the S[err]* |ayer, provided
with electrodes for generating an electric field and each provided with a
polarizer. Here, the surface structures acing the S[err]* |ayer have an

orienting ef el JALiAR OFJRBCEAECELAG (§1@|1§3515§| theitedHS LPEHLAE | | be
descri bed |n £?é§%98%§ %hQﬁ 8@ The snectic |ayers or planes are
a

per pendi cul ar nferroelectric liquid crystal cells. In the
literature, such a configuration is occasionally also referred to as the

so-cal |l ed bookshelf structure. The liquid crystals which can be
used for ferroel ect rknowh sfpregoekettrionkiquidf cayatalurelds thBf@rent

O OO e hessepatk il 1908l L Johatt o oh 5B Ll .o

ferroelectricCilyerAaffll h3e STRMH Prdvilid Wittt st #ddd est Sudgté Noui shed
orienting the molecules of the S * layer, provided with
electrodes for generating an electric field and each
provided with a polarizer. Here, the surface structures
facing the S.* layer have an orienting effect on the
adjacent liquid crystal molecules, as will be described
in more detail below. The smectic layers or planes are
perpendicular to the plates in ferroelectric liquid
crystal cells. 1In the literature, such a configuration
is occasionally also referred to as the so-called

bookshelf structure.

The liquid crystals which can be used for
ferroelectric display cells consist of a mixture of
different chemical compounds. These include so-called
dopants, which impart the chiral character to the
mixture and are responsible for the ferrxoelectricity. A
chiral smectic liquid crystal mixture is di;tinguished
in particular by the fact that the molecules belonging
to a smectic layer and arranged essentially parallel to
one another are arranged not perpendicular to the
smectic plane but at a smectic tilt angle 0 relative to
the plane normal. The chirality of the S_* layer results
in the axes of the liquid crystal molecules being
rotated relative to one another from layer to laYer,

resulting in the formation of a helix having the pitch



in particular by the fact that the nolecules belonging to a smectic |ayer
-and arranged essentially parallel to one another are arranged not
perpendicular to the snectic plane but at a smectic tilt angle 0 relative
to the plane normal. The chirality of the S[err]* layer results in the
axes of the liquid crystal nolecules being rotated relative to one anot her
fromlayer to layer, resulting in the formation of a helix having the

pitch 3 p. If such a helix structure
is undesired, it nmust be suppressed throdligh the effect of the border or
nodi fication ef. tIf lswahsleelHekix usttmucture is undéaired,r st masat be i . €.
w thout an applied electric field, the ferroelectric display cell exhibits
a certain |igfUPPEEfsSed itdeughrthe \#oftege PE BBBI PeYdeEroOthe el ectrodes,

torques act o%qd#ﬁ¥égyiéﬁh5# éﬂ@c%éﬁksﬁQYErétrEEEE etorques result in a
reorientation o e nolecules an eénce a réeorientation of .the individual
snectic layers, leading to rotation of the optical axis. The rotation of

the optical axis as a function of the applied voltage can be determined in.
practice by neasuringnt kBeswesthiat@tenglie . without antapelied chiral
smecti ¢ Liqm(%fg é%fg fgéigreéhe ferroelectric display cell exhibits |
a certain light transmittance. If a voltage is applied
to the electrodes, torques act on the individual smectic
layers. These torques result in a reorientation of the
molecules and hence a reorientation of the individual
smectic layers, leading to rotation of the optical axis.
The rotation of the optical axis as a function of the
applied voltage can be determined in practice by

measuring the switching angle o.

However, chiral smectic liquid crystal mixtures
also have other properties. Thus, they exhibit
_spontaneous polarization P,, i.e. an inherent,
spohtaneous orientation of the molecular dipole moments.
This means that an electric field applied to the display
cells shows a strong interaction with this spontaneous
polarization, permitting a substantial reduction of the
switching times known for TN and STN cells.' A further
property of tilted smectic phases is evident in the case
of the bookshelf structure, in which the smectic planes
- as already mentioned - are perpendicular to the
display surface. If the glass surface is treated here
in such a way that molecules of the smectic layers are
oriented parallel to the border, there are evidently two
possibilities for tilting the molecules relative to the

plane normals; namely either forward or backward. The



al so have other properties. Thus, they exhibit spontaneous polarization
Plerr], i.e. an inherent, spontaneous orientation of the nolecul ar dipole
nonents. This nmeans that an electric field applied to the display cells
shows a strong interaction with this spontaneous pol arization, permtting a
substantial reduction of the switching tinmes known for TN and STN cells. A
further property of tilted snectic phases is evident in the case of the
bookshel f structure, in which the smectic planes - as already nentioned -
are perpendicular to the display surface. 14 the glass surface is treated
here in such &woaposistions emkethd ddne Hmrld avitly eflte aicrmlsepbed
parallel to the border, there are evidently two possibilities for tilting
t he nol ecul esth8l i Rbangst padppike thyenerTpatifdiey wiitthdthe Fanar d or
backward. The posi tjons make

. . 4 two
the sane angl SR YERe ndrdSs T4 ?9ﬂ;¥ﬂ%§§ﬁl?ﬂ%ﬁ%§_%ﬁﬂtﬁfea¥ﬂu§he
conpati bl e wi basie o @Hd biMtaiIiE, JNadte Y0 1GR]IPWALQNS Or; SLat es
are the basis of the bistability of the S[err] liquid crystals, i.e. the
basi s for thether basiien fofr Bihe divmndteioneddbistable gfiedroeyetatricel | s.

Ferroel ectric,hi st.apl e Ii%éid stal cells do not have the abovenenti oned
di sadvant ages Y%k et SR Thus, they have little dependency on
the view ng angle and can be disconnected fromthe energy

Ferroelectric bistable liquid crystal cells do
not have the abovementioned disadvantages of nematic
displays. Thus, they have little dependency on the
viewing angle and can be disconnected from the energy
source as soon as the information has been recorded.

In bistable liquid crystal cells, the
ferroelectricity of the S * layer can be switched back
and forth between the two configurations or states. At
the same time, the spontaneously oriented dipole moments
of the chiral dopants produce spontaneous polarization
Py, which in turn reacts strongly to an applied electric
field. The dopants are thus responsible for the short
switching times of bistable cells. It is known that the
formation of a helix in a form as occurs, for example,
in a DHF cell (here, DHF is Deformed Helix
Ferroelectric) is undesired for a bistable iiquid
crystal configuration. Thus, a limit is imposed on the
magnitude of the spontaneous polarization P,. 1In fact,
the chiral molecules contained in the mixture not only
produce spontaneous polarization but also promote the
tendency to rotation of the S, structure, which is
disadvantageous for a bistable liquid crystal

configuration.



source as soon as the information has been recorded. I n bistable
Jiquid crystal cells, the ferroelectricity of the S[err]* |ayer can be
switched back and forth between the two configurations or states. At the
sanme tinme, the spontaneously oriented dipole nonents of the chiral dopants
produce spontaneous polarization P[err], which in turn reacts strongly to
an applied electric field. The dopants are thus responsible for the short
switching tines of bistable cells. It is known that the formation of a
helix in a formas occurs, for exanple, in5a DHF cell (here, DHF is

Def ormed Hel i x Ferr oghethoise) bistabiesidiep ey cellistvitbiceh | aseisassayst al
configuration. Thus, a limt is inposed on the magnitude of the spontaneous
pol ari zat i on 9% d¥he  sercabled Sunfacei Shabidlized Esrrosilgctadd digvdd

Lendency Lo rvaYeh borRer e BRRRE oR L ARrERal o otk BiBRigeous 1or
a bistable |iﬁﬁ?&.CL¥§E§'38?°Q§§9“&§§P?U-the doping must therefore be

5 In those bistable display cells which are based on the so-called
Surface StabidhaesenFeorbel sot Low thgui dheCiyptexlactSsnl Of efieect of

Lagerwal | and d ark_(Appl.., Phys. Lett. 38, 899, 1980), the doping mnust
t herefore beF@Qﬁ%%%é§08ﬁEhsﬁhFoﬁPF ace k&€ shrongen fhay thee effificul es

with the surfagech,g $bHEQR965 bBABy! B2 fMeeTopants, suppressing or

inhibiting the formation of the helix. In practice,
this means that the pitch of the helix must be

substantially greater than the layer thickness d of the
liquid crystal layer.

The relatively weak stabilization of the
structure by surface forces and the partial cowpensation
of these forces by the rotating power of the dopants
means that bistable switching can be effected with
little energy, but the stéte thus achieved is very
labile. Thus, even relatively small electrical or
mechanical interferences can "flip" the state, i.e.
cause switching back and forth between the two bistable
configurations. SSFLC display cells are therefore not

very suitable for safe long-term storage.

The so-called Short-pitch Bistable Ferroelectric
display cell (SBFLC) offers a solution to this problem.
In this cell, the liquid crystal layer is shaped by
electric pulses so that a zig-zag modulation of the
smectic layers is produced, suppressing the formation of
a helix. Consequently, this cell reacts to a
substantially smaller extent to vibrations than the

known SSFCL cells. A display cell of this type is



of the rotating power of the dopants, suppressing or inhtbiting the
formation of the helix. In practice, this neans that the pitch of the
hel i x must be substantially greater than the layer thickness d of the
liquid crystal |ayer. The relatively weak stabilization of the
structure by surface forces and the partial conpensation of these forces
by the rotating power of the dopants neans that bistable switching can be
effected with little energy, but the statgthus achieved is very labile.
Thus, even relatively small electrical or nechanical interferences can
"flip" the stdisgclosed, fausexamplehi agp BReR and 05036 .bet ween t he two

bi stabl e configurations. SSFLC display cells are therefore not very

suitable for safe | ong-term storage. The so-called Short-pitch
Bi stabl e Ferroel ectri hyspl I e | UL his
pr obl em In this ce t,ht }geollﬁéﬁillfqg Acr%é/??g%%%@ﬁeé (lais@iggegg%gg i'lglvgc ric

pul ses so thafuathey- 2agiondubathdrantaglee Inmetid @dlAwsr <hes produced,
suppressing the formation of a helix. Consequently, this cell reacts to a
subst anti al | ylBherrarier: éft bugngi Bpat i dfs ithfRcthdhamsdl Ssp@inelin. A

di splay cell Bﬂetggﬁet¥egtgsfor a long time, ionic impurities in the
form of charge clouds are produced close to the contacts
- due to the electric field of the spontaneous
polarization. These three-dimensional charges and
possibly additional influenced surface charges change
the corresponding working point of the cell for further
switching. Ghost images or even loss of bistability are
a consequence. It has now been found that these three-
dimensional charge effects can be reduced or made less
critical if conductive orientation layers are used and
the poorly conducting or even insulating layers usual in
TN and STN display ceils are dispensed with. However,
the ‘1liquid crystal then hés a low-resistance connection
to the two contacts, dramatically increasing the danger

of short-circuits by dust particles, etc.

Another possibility for influencing the helix or
director structure of the S * layer is the édmixture of
polymerizable molecules. The idea here is to stabilize
or freeze the director structure in an optimal
configuration by a polymerization process in the forming
or production of the ligquid crystal cell. This is
achieved by mixing with the liquid crystal mixture a
small percentage of polymerizable molecules which in
turn have at least one reaction center and initiate a

polymerization reaction on exposure to UV light. This



6 disclosed, for exanple, in EP-A O 405 346. Both the SSFLC and
.the SBFLC display cells have a further serious disadvantage. In the cells,
the information is burnt in. If in fact the cell remains in the sane state
for along tinme, ionic inpurities in the formof charge clouds are
produced close to the contacts - due to the electric field of the

spont aneous pol ari zati on. These three-di nensi onal charges and possibly
addi tional influenced surface charges change the correspondi ng worKki ng
point of the cell for further sw tching. Grost inmages or even | oss of

bistability FslywetDrseivrneésultshan thw Eesmatdond dfhdlorighese t hree-
di nensi onal charge effects can be reduced or nmade less critical if

conductive omeieculan filanentsewhich wand upe inder I3y tdedusaidg and even
insulating | ayers usyal | TN_and STN_di spl.ay .cel ls.,are dis sed. with. -
Hovever, |t hORTRRAE Y aT8P PRERTRE xOPBRAPKITE (i < Festi 1% 2 ne

two contacts,ndf@dRkj Cahdythls e2sklas! REcldAIVctr Htlctiire Yitssdye dust
particles, etc. Anot her possibility for influencing the helix or

di rect or struat uctkeobeghanshgr off* they poliymentieaddionx tugactofompol yiieis zabl e
nmol ecul es. The idea here is to stabilize or freeze the director_structure
in an opti malPEBRFPHUNEPI & rgpdy S’& SFa ﬁr’b&é%’s"i% "Hﬁe ‘f?ﬁm’ ng or
production of ubligvkdutfle teehiliofifl laestihdd s RNy Gy M xing Wi Lh the
liquid crystal mxture a small percentage of pdﬁynerlz e nol ecul es which
in turn have publéeatione iseddiiived ard SSECL divplay ecelpe) yireel zabi on
reaction on exposure to W _light. This .
iquid crystal mixtures having a long pitch p. In the

liquid crystal cells disclosed in US-A 5 434 685,

moreover, one of the two stable states - namely that in

which the liquid crystal mixture is polymerized - will

always be more stable than the other, which, during

operation of a cell formed in this wmanner, results in an

undesired asymmetry of the required actuating voltages

and may even result in the loss of bistability. In the

liquid crystal cells disclosed in US-A S5 434 685, the

polymerization can finally also trigger a phase

separation, i.e. the liquid crystal is in this case

precipitated in the form of small droplets. The display

cells described by J.W. Doane, D.K. Yang and L.C. Chien

in Conf. Reports IDRC, SID, page 175 (1991) are examples
of this. '

Starting from EP-A 0 405 346, it is now the
object of the invention to provide a bistable liquid
crystal cell which has the essential advantages of
bistable display cells, namely little dependence oﬁ the
angle of view, the short switching times and the
possibility of storing data without an energy source,

and moreover does not have the disadvantages of the



7 polynerization results in the formation of |long nolecular filanments
which wind up into a tight coil and optionally also undergo crosslinking
(which results in a network) and thus freezes the director structure
present at the beginning of the polynerization reaction. This process has
al ready been described in US-A 5 434 685. However, the technique descri bed
in this prior publicationis |imted to SSFCL display cells, i.e. to
liquid crystal m xtures having a long pitch p. Inthe |liquid crystal cells
di sclosed in US-A 5 434 685, noreover, one8of the two stable states -
nanely that i mbopmemrgntinned dodiskablestSSFOL xdnd eSBEChodysplagedel 1.l |

al ways be nore stable than the other, which, during operation of a cel
formed in this manner, results in an wundesired asymmetry of the required

actuating vol t ages aqﬂigagbgég?n&%Z%k%gg%fkbggggg}dyhiﬂﬁge%ﬂéity. In the

liquid crystal cells disclos , the yneri zati on can
finally al so timvgerien phagea sepqubdi @fysta®. céE haGihg eh¥stahtigekn this
case precipitated in the formof small droplets. The display cells
described by PinPaksie, ¥ Yang and L.C. Chien in Conf. Reports |DRC
SI D, page 175 (1991) are exanples of this. Starting fromEP-A O
405 346, it is nowthe object of the invention to provide a bistable

liquid crystal cell Tnei ghveatidhe ReTMRrmired@aesdfa Piatahl e
display cells, nanely little dependence on the
for the production of a liquid crystal cell according to
the invention and to a display means and a card
containing such a liquid crystal cell, namely a process
having the features of claim 9, a display means having

the features of patent claim 11 and a card as claimed in

claim 13.

Advantageous embodiments of the invention are

evident from the dependent claims.

It was surprisingly found that, with a suitable
choice of parameters and suitable liquid crystal
composition, the use of polymer-forming molecules in
SBFCL display cells has much greater advantages than

were expected.

It was also found that a display cell of the
SBFCL type which is formed with a liquid crystal mixture
containing polymer-forming molecules can be formed into
a bistable liquid crystal cell having two equivalent
states when, during the polymerization process, the cell
is illuminated with equal intensity from both sides and
at the same time is switched back and forth between the

two saturated states by means of an AC voltage. 1In this



angle of view, the short switching tinmes and the possibility of storing
.data without an energy source, and noreover does not have the

di sadvant ages of the 8

abovenenti oned bi stabl e SSFCL and SBFCL di splay cells. Thi s obj ect
I s achi eved, according to the invention, by a liquid crystal cell having
the features of patent claiml. The invention furthernore rel ates

to a process for the production of a quuidgcrystal cell according to the
i nvention and to a display neans and a card” containing such a liquid

crystal cell,caaepl gatupatdens means thatha ffanthers icxdagen Dn ©hdi AQl ay
means having the features of patent_claim 11l and a card as clainmed in
claim13. voltaggjgfereagesudagmssiviihandg eifdienidie i 3rghe eofevi dent

frpn1the deP?QQEQ}i&B?EEBthe ref acélvwahiéﬁFg%?%§§%¥af8¥nghéhat’.m‘th a
sui tabl e choi Ce "of "paraneters an&jsuﬁté%le rTqui ystal ~~cofposition, the
use of pol ymepabaivuae & e Qﬁx‘éfﬁ@l:g@nc%é sphay £fltRibasaguchegpeater

advant ages than™ were expect ed. t was al so found that a display

cell of the SBy@metyicalhibdstiabildtedisvtiexeforei ancipdiabtiont that
the conditions of two-sided illumination and symmetrical
switching were complied with during the polymerization.
If in fact the cell is not illuminated equally from both
sides, the S.,* layer is monostable or has substantially
different switching thresholds for positive and negative
voltages, which is harmful for the operation of the
display. If symmetrical switching is absent, the
switching state which is more frequently assumed during
the polymerization will be preferred. This leads to an
asymmetrical or possibly monostable liquid crystal cell

of the type stated in the introduction.

Particularly preferred embodiments of the liquid
crystal cells according to the invention have a
resistivity p of at most 2:10° Om, preferably at most
10° Om, for example about 4-10° Qm, at-room temperature.
Thus, it was in fact found that bistable 1iguid crystal
cells having a resistivity p of > 2-10° Qm have

substantially poorer contrast than those having a lower

resistivity.

The measurement of the ohmic resistance of a
ferroelectric liquid crystal cell (or of the liquid
crystal mixture contained therein) is made more
difficult by the magnitude of the spontaneous

polarization. For the present case, however, it can be



cont ai ni ng pol ynmer-form ng nol ecul es can be forned into & bistable |iquid
.crystal cell having two equival ent states when, during the pol ynerization
process, the cell is illumnated with equal intensity from both sides and
at the same tinme is switched back and forth between the two saturated
states by nmeans of an AC voltage. In this

9 case, saturation neans that a further increase in the AC voltage does
not markedly change either the angle of rgbation of the refractive index
ellipsoid or the nmagnitude of the birefringence An. In this case, the
symmetrical bFalewlateqd fromhthef susrgnti-Nelsageoshayacteristdondi tions of
two-sided illum pation_and sy tri,cal Lt chi,ng e,conmplied wth during
the pol ymeri Z¥PBYRL PF PROPACLGIAS EEYFLRY KB | SRR CEEBRER Y 1 rom
both sides, {§ecafer Eharhareriseid0asktABWA Oh kae %@%ﬂdﬁﬂdﬁ“dﬁhph. _
different switching thresholds for positive and negative voltages, which
i s harnful foFhéhehapacaeiristdtc shewndiigpltinis grapmand itggdicad tafhiang i s
absent, the sw tchin tate which is nore frequently assyned, during the
polynerizatioﬂrﬁFFFrﬁg ;F@Péﬁrgaysfﬁ#s & *a'r¥£§§?n€h§ikﬁﬂeﬁﬁlon

PO, TR L e A8 s R S e

I ntroducti on. rticularly
the spontaneous polarization. The ohmic resistance

R = 13 MQ can be determined from the differences AU and
AI of the voltage and current values measured at the

deflection points and - when _the cell size is taken into
account - the resistivity p = 4-10° Qm can be determined

from said resistance R.

Current-Volitage dharacteristic

Area A=8x8 mm? cell spacing d=2.1 ym voltage 10 Hz delta
T —r T v L Y L v —T
current
[nA]
5- -
o4 ~_ /0 Tl -
54 -
 |SlpeR=(AUAN=13MQ
Resistivity p = (RxF/d) = 4x10® Om
1 v ) v ] v L) — ¥
-20 -10 0 10 20
Voltage / [V]

The resistivity of a liquid crystal mixture is

essentially dependent on the component composition and,



cryétal cells according to the invention have a resistivity p of at nost
2[err]10[err] [err]m preferably at nost 10[err] [err]m for exanple

about 4[err]10[err] [err]m at roomtenperature. Thus, it was in fact
found that bistable liquid crystal cells having a resistivity p of >
2[err]10[err] [err]m have substantial ly poorer contrast than those having
a | owner resistivity. The nmeasurenent of the ohm c resistance

of a ferroelectric liquid crystal cell (or of the liquid crystal mxture
contained therein) is made nore  difficult %y t he magni tude of the
spont aneous pidf ak% &8 i Rt F@@ highpr esanbec xeadifyweesiuced byarsui: -

10 cal cul ated rre volta e characteri I cal - of each
liquid cryst aIJﬁ %n&(g@blg# gﬁr?ﬁﬁ?‘P evHFE& geg éi”é‘&yéﬁ Ay Qe i n
the follow ng graph. The characterlstlc shomn in this graph and typical of
a preferred liquid crystal cell according to the invention was recor ded
with a 10 Hz/ 20 V del I& whiowdgk alaairte iment idwed phaetranthds phkatnkaabiFon.

The ohmic resistance R = 13 Merr] can be determned fromthe differences
[err]U and [ek¥ Wl‘éfcmﬁtﬁ%l Pagbuxrps bavias: redlatdyedsasiovwed atalves

deflection Wmé&éoa@Qc1lT@§9eEhghgelndus rlai %@8 uéggon of the

corresponding liquid crystal cells. Thus, mixtures
having relatively high p values are required, for
example, for the so-called “"field effect displays", such
as, for example, for the TN and STN cells, making the

production of such cells even more difficult.

The liquid crystal cell according to the
invention is distinguished by a number of advantages.

- Thus, it permits absolutely equivalent switching
between two stable positions of the director.

- A further advantage of the cell according to the
invention is increased stability of the two bistable
liquid crystal configurations. Thus, these
configurations or orientations (but not the recorded
information) are retained even when the liquid crystal
cell is heated above the clearing point qf the liquid
crystal mixture and then cooled again. fhe
orientation formed on cooling is in fact the same as
that prior to heating. This property therefore
enormously increases the storage temperature range of
the liquid crystal cell according to the invention.

- A further advantage of the invention is the
possibility of combining large spontaneous
polarization (i.e. rapid switching rates) with the use

of insulating contacts. Thus, it is in fact possible



account - the resistivity p = 4[err]10[err] [err]mcan be'determ ned from
sai d resistance R Current-Vol tage characteristic
[err] The resistivity of a liquid crystal

m xture is essentially dependent on the conmponent conposition and,

iIf it is not too high, can be readily reduced by suit- able doping, for
exanple with tetrabutyl amoni um i odi de. It should al so be

menti oned here that the use of 12

to produce bistable display'cells having relatively
thick, insulating orientation layers. Such insulation
layers reduce the effect of local short-circuits,
which is particularly important with the small cell
distances of ferroelectric displays.

Owing to the high mechanical stability and the
insulating contacts, the liquid crystal cell according
to the invention is particularly suitable for
applications in which it is subjected to high mechanical
and electrical loads. These include, for example,
extremely light and optionally flexible display means
which are produced from thin plastic sheets. Thus,
liquid crystal cells according to the invention can
readily be integrated into credit cards and the like.
Such a card can then store absolutely reliably and over
a long time the information recorded by a write and read

device and can do so without an integrated energy

source.

The invention is described in more detail below

with reference to the attached drawings.

Figure 1 shows a perspective view of a section of a
bistabie liquid crystal cell, ‘

Figure 2 shows a schematic section through a liquid
crystal cell of the type according to the invention and

Figure 3 shows a schematic view of an apparatus for
producing display means containing liquid crystal cells

and comprising plastic.

The optical system of bistable, ferroelectric

liquid crystal cells is shown in simplified form in



liquid crystal mixtures having relatively low p values also facilitates
the industrial production of the corresponding liquid crystal cells. Thus,
m xtures having relatively -high p values are required, for exanple, for
the so-called "field effect displays”, such as, for exanple, for the TN
and STN cells, making the production of such cells even nore difficult.
The liquid crystal cell according to the invention is distinguished by a
nunber of advantages. - Thus, it permts a?§olutely equi val ent swi tching
between two stable positions of the director” - A further advantage of the
cel | accordi idgwrd he. Théngmattes layeier oFsethes lakilid Yefstdle two

bi st abl e liquid crystal configurations. Thus, these configurations
or or|entatldh%Y?bu@rﬁolnthblﬁeéésee@erpﬁmﬂmﬂu%ﬂﬁ(ﬁﬂ the platescd andn

when t he I|q d cr abov e clear.i.n oint of the
i qui d t al i ?ﬁ?@anﬂef‘héﬁnfgola d X Ei-‘slﬁﬂ'e Pe‘b'?t?lé‘%ﬁ"g ?¥%h for med
on COO||n9 'Sthé hétbchessareedth layditwhildiPlard AeAdinddd Jhisr1pepperty
t herefore enornously i ncreases the storage tenperature range of t he
liquid crystatocehe avobhdirngreo immd inedkmealative ubftherplandvantage of
the invention is the EOSSIbI|Ity of conbining |arge spontaneous

pol ari zati on RPrEalgapydthai tddith@naded mentianed Ak the putsekt ating

contacts. Thus, it is in fact possible
12 to produce bistable display cells having relatively t hi ck
insulating orientati ofihaVEys. iRUERel pIdhat b¥Nthe liquid crystal cell,

the refraction ellipsoids are shown in the two stable
states 10 and 11. 1If a voltage is applied to the
electrodes 12 and 13, an electric field which reorients
the molecules is generated in the liquid crystal. 1In
practice, periodic signals or even actuating pulses,
which may have opposite polarities both in the knéwn
cell and in the cell according to the invention, arrive
from the voltage source represented by a symbol. In
practice, this means that a sufficiently large electric
field switches the refractive index, for example, from .
position 10 to position 11. An opposite field switches
it back again. Thus, once the cell has been excited by
an electric field, the director is then - and also in
the absence of an applied electric field - in one of the
two bistable configurations. These configuéationé may
still relax, i.e. the observed switching angle o of the
optical axis between the two stable positions is in
general smaller than the value of twice the tilt angle O

expected for an unrelaxed structure.

Voltages smallexr than the so-called threshold
voltage U, cannot switch the refractive index. If such a

cell is present between two crossed polarizers 14 and 15



| ayers reduce the effect of local short-circuits, which is particularly
bnmportant with the small cell di stances of ferroelectric displays.

OnM ng to the high nechanical stability and the insulating contacts, the
liquid crystal cell according to the invention is particularly suitable for
applications in which it is subjected to high nechanical and electrical

| oads. These include, for exanple, extrenmely light and optionally flexible
di splay neans which are produced fromthin %Iastip sheets. Thus, [liquid
crystal cells according to the invention cart readily be integrated into
credit cards &Hd&h Hde iqrticalcaxis cof dpeshtitenletparaibedl toebner offi abl y

d I ti t | nf or nAat i recor ded a wite ,and reaq device
Zﬂd g;ﬁrdg 58%%%;éﬁ§ éﬁ?%?&%ﬁﬁ%te@gﬁnﬁfﬁ93§bﬁg%ﬁ?e 18 minimgfe n@ention

s described iqasRof aviigh abhe PRI QUi &Pyseher eaG8rt Ont BBs2LIBRNGY dLaWi ngs.
el

Figure 1 shows a perspective view of a section”of a bI'stable |iquid crystal
cell, Fimgatignum s hove . al sghenavithsebei biqubdooghsaalli qaydrcinst a

cell of the type gccording to,the jnvention_ and Figure 3 shows a

schemati c Vi e@p‘?ﬁla‘%ﬁf’%p#ar at‘ﬁ%tgoﬁ‘b?o 4GRAG ar¥pFay Aedds dsnias ﬁ:hhl@

liquid crystal _ . Sy p t] p%% al system

of bistable, Fgff%gig%?€€c§?¥€é#db§§§s%§§ géFFg PgtgﬁgﬁnIgﬁhgl ified form

in dark. In a certain voltage range, partial switching may
also occur, so that gray values are then also possible.

The transmittance is maximum when the bistable switching

angle denoted by a is 45°. Since this switching angle «o
is in most cases smaller than twice the smectic tilt
angle O, this tilt angle should be greater than 22.5°,
for example greater than 25° and preferably greater than
30°. The thickness d of the liquid crystal layer is
finally chosen so that the optical pitch difference for

green corresponds approximately to half the wavelength

of the green light.

Before the production of the liquid crystal cell
according to the invention is explained in more detail,

the general structure of éuch a cell will be described

in more detail.

The bistable liquid crystal cell shown in Figure
2 and denoted as a whole by 20 has an S.* layer 21 which
is arranged between two plates or films 22 or 23 of
transparent material which are parallel to one another.
Suitable transparent materials for the parallel plates
or films 22 and 23 are, for example, glass, acrylic
glass or plastic films. The helix pitch p of the liquid

crystal layer 21 of the unpolymerized liquid crystal in



13 Figure 1. The smectic layers of the liquid crystal layer are in this
.case perpendicular to the plates 2 and 3 - as already nentioned at the
outset. Furthernore, the nolecules of each |layer which are arranged
parallel to one another are inclined relative to the plane normals by the

tilt angle [err] nentioned at the outset. Finally, in the plane
of the liquid crystal cell, the refraction ellipsoids are shown in the two
stable states 10 and 11. If a voltage is appLied to the electrodes 12 and
13, an electric field which reorients the | ecules is generated in the

liquid crystdthe |eeplatreeestpei ddi-e -sithealintainaion vadiumiahPhuises,
whi ch may hav e.palariti,es bo Q ceII nd In the,cel
accordi né to c?tﬁg£$nv%nt Fg l: a#’rl esfr\aoﬁ]etrhett}\/ lg}]wrl e e ]e%)fré%%%t%d by a

synbol. In practice, this neans that a suff|C|entIy | arge electric field
switches the refractive index, for exanple, from position 10 to position
11. An opposite fiel & polahizert2dhatk agaSantThusthenoutBlidec@Iﬂ thes been

excited by an_electric fi the direc is then - also in _the
absence of anl@fpFiR éaEPeggrPPdh¥§<P %Pﬁycﬁ qqﬁ?ﬁ §95§%5|glate

configurationg, Thgse QUi I eryed
swi tching ang?e ES? e&%%%tgl c?iez%}?s etk\’/\%}a%éé h%&t% st %f%*%os???oné S
in general spallhetlztelsranst He waloreliofatted cin tdre dndloguas embenel wéexpect ed
for an unrel axed structur Vol t ages snall er than_ the so-called
threshol d voFhggEPBE&T ﬂla&?nr?@t smwrfwv@wa%W% PRlRXiZersspay a

cel | i's preseqy Bejueen tun of As3ethPURL I ZETE 48 ALY den be provided

by the plates 22 and 23 if they consist, for example, of
a plastic which contains oriented dichroic dye

molecules.

On their surfaces facing the liquid crystal layer
21, the plates 22 and 23 are provided with transparent
electrodes 26 and 27 and optionally also with one

insulation layer 28 or 29 each.

The carriers each formed from a plate or film, a
polarizer, an electrode and an insulation layer are
furthermore treated, on their side facing the S * layer,
in such a way that they have an orienting effect on the
adjacent liquid crystal molecules and thus 6n the entire
liquid crystal layer and hence determine the direction
of the director. This treatment consists, for example,
in coating with a polymer layer and a subsequent rubbing
process. A further orientation method is, for example,
the shearing of the liquid crystal layer. Other
possibilities comprise oblique incidence vacuum
deposition of orienting layers. Such layers are shown

in Figure 2 and denoted by 30 and 31.



14 with the optical axis of position 10 parallel to one of

the two

.polarizers, the transmttance is mninum i.e. dark, with the liquid
crystal layer in position 10 and maximum i.e. light, with the liquid
crystal layer in position 11. Wth this liquid crystal cell, it is thus

possible to switch back and forth between |ight and dark.

In a certain

vol tage range, partial switching may also occur, so that gray val ues are
then al so possible. The transnmittance i s maxi num when the bistable

switching angle denoted by a is 45[err]. Since this switching angle a 1is
in nmost cases snmaller than twice the smecti¥®tilt angle O,

preferably greater than the |

hould b t th 22. f : d
Should be S eeler (oM g Stbbecal SpususBbe gEophel 8RciSke che

this tilt angle

| ayer is finall yhehewen pod dridderd)e fyxt iedtlnglid athelipd Beieer f24, gigen
corresponds approximately to half the wavel ength of the green |ight.
Bef ore the pradFenged o tthat iihs earkzatien dizgeien nks tearatlel

YET LS, B B G8 end SRS gl Y U o, oo

cel | shown i nghicd &n % i@ffralanchsd &im&é@%$ 1y 284 hése apoBheiset hayer

21 which is arranged between two plates or fi

nms 22 or 23 of transparent

mat eri al whi chedonginmltethe aottenmlate . 23uls abdeatednshruoegh anterial s

for the parall el lates or filnse, 22 and .23 are, for exanpl
P angﬂ% 05390° relative to the pof%r{zer 24?p

e
T

higlass, acrylic

orientation of the polarizers 24 and 25 is a preferred

embodiment. Other polarizer arrangements are also

entirely possible and likewise permit good results to be

achieved. They can be readily determined by simple

optimization.

The unpolymerized liquid crystal mixture which

can be used for the purpose according to the invention

is distinguished by a spontaneous polarization

Ps > 50 nC/cmf, a pitch p of < d and a smectic tilt angle

0 of > 25°. The mixture according to the invention

furthermore contains about 1 to 20% by weight of

polymerizable molecules, i.e. molecules having at least

one reaction center which is formed by an acrylate or

epoxide or another structure known to a person skilled

in the art.

Furthermore, the mixture may contain initiators

which absorb light of a certain wavelength and then

initiate the polymerization reaction. However, the

mixture may also contain inhibitors which suppress

undesired thermal reactions of the polymerization

centers.



glass or plastic filns. The helix pitch p of the liquid crystal |ayer 21 of
the unpolynerized liquid crystal in

15 the cell-free state (i.e. the intrinsic value of p) is chosen so that it
is.smaller than the | ayer thickness d. A pol arizer 24 is present
on the outside of the |ower plate 22 and is preferably connected to the
plate 22, for exanple adhesively bonded to it. Accordingly, a polarizer 25
is coordinated in an anal ogous manner with the upper plate 23.
Alternatively these polarizers may also be arranged inside the cell or may

even be provided by the plates 22 and 23 ifl1hey consist, for exanple, of
a plastic which contajns or|e t ed _di chr,oi ¢

ye l.ecul es. ., On
their surfaces facing FhE*F"g Fdogr?s Yy Y%E%ltmﬁgﬁﬂﬁﬁeﬁfgﬁfQﬂREZS
are provided Wt RHd 3HRMEYN ei@témﬂ@slﬁfitﬁ@dtaz ﬁailtoehbqaahua%%a Wi th

one insulation layer 28 or 29 each he carriers each forned

froma plate am'MHenenﬂJKﬂompaundsa@enbéedrbgeAahdlag chiwladt dopantywer are
furthernore treated,. on their side faC|ng the [ err]* | ayer,. in such a way
that they havéh%1qﬂ¥%ﬁﬂxﬁmﬁ%ﬂ9E%@ By Bh eé&?aéeﬁ? lymegigabl@st al nol ecul es

and thus on t ﬂﬁﬂﬁi wﬁﬁ] a det e
direction #%ct%#g I'S ?%a eh8¥3c0n2| st Bg(i?‘gr %'télxarrp}\q'%ltt%%:
and the compound denoted by D being a photoinitiator.

The production process for a liquid crystal cell

according to the invention is to be explained in more
detail below.

For the'production of the liquid crystal cell
according to the invention, the ferroelectric liquid
crystal mixture in the uncrosslinked state is filled
into a prepared cell having a cell thickness d of about
2 pm. This can be carried out in a known manner by
capillary action, at a temperature of about 90°C. If
the orientation layers of the prepared cell are not
sufficient for achieving the desired orienting effect
over the entire thickness of the cell, this effect can
be additionally improved by applying an AC or DC
voltage. This can be achieved, for examplei by means of
a square-wave voltage of + 10 V/1 kHz, which is applied
to the cell for about 5 minutes during the subsequent
cooling process. Once the liquid crystal mixture has
been oriented with the desired quality between the two
plates, the polymerization is initiated by light, for
which purpose the two sides of the cell are uniformly
illuminated, for example for 15 minutes, by means of a

mercury lamp (having approximately the spectrum and the



in coating with a polyner |ayer and a subsequent rubbing process. A further
orientation nmethod is, for exanple, the shearing of the liquid crystal

| ayer. Qther possibilities conprise oblique incidence vacuum deposition of
orienting |layers. Such |ayers are shown in Figure 2 and denoted by 30 and .
31. - 16 In a preferred
enbodi nent of the invention, one of thet pol ari zers, for exanpl e the
pol arizer 24, is arranged so that its polarization direction is parallel

to the optical;. gxd t | | st ab. configuration .shown in Figure 1
and deno?ed bfﬁﬁ%éﬁéﬁ%ré¥1é#¥£%%£¢§25 bgﬁfg%g#ﬂﬁst6i?H$18fﬁéPinBF§gg3 i s
rotated through sfuaverghevelvoDiage] igl ehivechet hespplati-igh124. This
orientation of the polarizers 24 and 25 is a preferred enbodi nent. O her

pol ari zer arr HIARSTERER Vel tage cpfi r EOy epxawpbee anaglgkembsnrpeiﬁit good
Its to b chi eved . They c be adi | y,determ pe y si, e
ggfgniiat?on?aé%lﬁ apﬁ&ﬁ?@ %%p%ﬁ?nﬁ?iied T%hﬁiﬁccVQEFégenW?ﬂﬁ gsﬁﬁZGE can
be used for thgp ' ihdeok ' ' L.St] y a
Spont ancous po oy SaenPEERL hRUCERIRITPLOFEEMERD phe dh°bhilahet v T

tilt angle [thﬂchﬁis’&B[mmsﬁ.1GﬁesmhllerethaﬁOtﬂéngmeitbgfiBfthEOP
tains about 1 to 20% by wei ght of pol yneri zabl e nol ecul es,
{?;?hﬁgrggﬁ|g§§ﬂ§yyqﬁﬁég Yeltage an&-z pergod whigh ¥s shorter than

the time in which about 0.1% of the polymerization

reaction takes place.

A liquid crystal cell formed in this manner is
bistable and switches with a high contrast of, for
example, 20:1 if it is actuated by means of bipolar
pulses. The bipolar pulse sequence consists here, for
example, of a pulse of 3 ms @uration with an amplitude
of -15 V followed by a pulse of 3 ms duration with an
amplitude of +15 V for one switching process and of the

same pulses in the reverse order for the switching back

process.

A preferred embodiment of a formed display cell
is characterized in that '

- the two bistable switching states enclose a switching
angle which is at least 7° smaller than the switching
angle observed in the case of saturated switching,

- the magnitude of the birefringence An of the two
bistable states is af least 5% smaller than in the
case of the electrically saturated liquid crystal
layer and

- the positive and negative threshold voltages U, differ

from one another by not more than 20%.



one reaction center which is forned by an acrylate or epoxide or another
Sstructure known to a person skilled in the art. Furthernore, the
m xture may contain initiators "which absorb Iight of a certain wavel ength
and then initiate the polynerization reaction. However, the m xture may

al so contain inhibitors which suppress undesired thermal reactions of the
pol yneri zati on centers. 17

An exanple of a liquid crystal mxture according to the invention is shown
in the two-part table attached at the end, conpounds denoted by A being
chiral dopants, the nolecule denoted by B b%ing a pol ynerizable conpound,

the ml ecul e denot ed thy G haigeandinhi Nitar «and, the cpopound denoted by D
bei ng a photoinitiator. _ e prodauction process Tor aTrq Fa _
crystal cell n&CC@IrﬁbDﬁ thet hexbaVeRiteRing beakesexphd nef fijrvmye detail
bel ow. . For_the production of the liquid crystal cell according
to the inventhigh vobktagerbel appliedl kquthe dipplaly wiedtlur &he nareimum
uncrosslinked state.is filied ingg a gre areg,cel .havi ng a cell thickness
d of about ZSYErTHHITANGICANEetlS, PREG it S RS farfte® by

assumed. If a voltage substantially below the switching

threshold is now'applied, the display cell relaxes to

the bistable state which has a smaller switching angle

and lower birefringence. This property is

characteristic of the display cell according to the

invention.

It should also be pointed ocut here that the
liquid crystal cell described above is only one choice
from a plurality of possible embodiments of the
invention and that the display cell according to the
invention can be operated both in transmission and in

reflection and can be correspondingly formed.

Of course, the display cell according to the
invention may also be formed as a colored displéy and
may be equipped additionally and in a known manner with

the means and color filters required for this purpose.

As already mentioned, the liquid crystal cell
according to the invention is suitable for integration
in, for example, bank and credit cards. Other f"plastic
cards" which serve for storing information and can
therefore also be equipped with such a display cell are

passes, such as, for example, identity cards, season

tickets and the like.



capillary action, at a tenperature of about 90[err]C. If *the orientation
layers of the prepared cell are not sufficient for achieving the desired
orienting effect over the entire thickness of the cell, this effect can
be additionally inproved by applying an AC or DC voltage. This can be
~achi eved, for exanple, by nmeans of a square-wave voltage of 10 V/1 kHz,
which is applied to the cell for about 5 m nutes during the subsequent
cooling process. Once the liquid crystal mxture has been oriented with
the desired quality between the two pl ates, bhe pol ynmeri zation is initiated
by light, for which purpose the two sides of%he ceil are uniformy

I11umnated, for exarﬁi'r%efg% Ja'?néféﬂé'{-eéﬁgdf MgapsqiadcrPBEGY’ ¥ehamP

(havi ng approximately t ect rum and

18 intensityadtoddyhgght) thBuinvention iild un radigplahameans wileti e- wave
voltage, in this case a symetrical square-wave voltage of, for_exanple,
30 V/ 100 Hz, 18 imbgpdedpgrredisplaydng|datarignd sofmakionmrd earves

for symmetric i_t-.chi_ng_pr.efgrahl ) it i chy i t t 10@6
smal | er than ?%eﬁgﬁ%ll ?Fugg 3$‘$ﬁgé%a{%%raﬁoﬁfg\¥oﬁﬁa%§lan rg %%é?’g'ﬂ“%) ch is
shorter than stBeebl, "alilwely Ftatitiis Gndodfrgdye ol yneri zation reaction

t akes pl ace.

Figure 3 diagramatically shows a means for
producing display cells according to the invention. The
means intended for continuous operation has essentially
a feed unit 101. This has a reservoir 102 which
contains a liquid crystal mixture 103. A substance 104
(e.g. polymer beads) which ensures that a certain layer
thickness d is maintained during the production of the

display cells is also dissolved in this mixture.

The feed unit 101 also includes heated rollers
105 and 106 which bring two film webs 107 and 108 passed
over them into a funnel-like position relative to one
another. The liquid crystal mixture 103 can now be
pqured continuously between the film ribs 107 and 108
which are fed vertically downward over the rollers 106
and which in turn are provided with the 1ayérs
mentioned. The shear effect of the rolling process of
the rollers 106 results in additional orientation of the
liquid crystal layer, and the lamps 109 result in the
polymerization discussed above. A plurality of display
cells of the abovementioned type can then be cut out
from the film strip thus produced, provided this film
strip is embossed beforehand in sections and welded or

laminated at the edge.



A liquid crystal cell formed in this manner is bistable and switches with a
high contrast of, for exanple, 20:1 if it is actuated by neans of bipol ar
pul ses. The bi pol ar pul se sequence consists here, for exanple, of a pulse
of 3 ms duration with an anplitude of -15 V followed by a pulse of 3 ns
duration with an anplitude of +15 V for one sw tching process and of the
sane pulses in the reverse order for the switching back process.

A preferred enbodi ment of a formed displa@a cell is characterized in that -

the two bi, states enclose a swtching angl e which is at
| east 7[er he swi tching FHrguetrabserved in the case of
saturated of the birefringence An of the WO
bi stable s 5% smal | er than |n t he case o
el ectrical [ st 03|t|ve
negative t U[er%T/aLP?é 'ﬁhdphe( by n t rDre
t han 20% A 40 H—sthouljd be
noted that}the tlstaﬁ}e st §t es are n sinply the fixed swtchingl|stgtes.
If in fact|a hilgh voltagelis a @O~ he maxilmum
swi tching @ngl e jand the mejl n1b|re [ingence are assure | f a vdltgge
subst anti all yBbdl owot 06 swtcni gt Nreshota—Ts Tow ap spljay
coll retaxgs to wmw
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the.bistable state whi

bi refringence. This p
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that the liquid cryst
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characteristic of the display cell
ention. It should al so be pointed out here
al cell described above is only one choice froma
enbodi nents of the invention and that the display
I nvention can be operated both in transm ssion and

in reflection and can be correspondi ngly Z0r nmed. O course, the
di splay cel |_acc rdlnq to the invention may also be fornmed as a col ored
di spl ay and maycpeentaakignkbd additionally @gguéghﬁ, known manner wth |the’
means and cplor |ItéV regui red for this ose. As al ready
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for integrajion }in, for expnpe, bank an di t Q her
cards" which ser\e for stor Neof mat on mend ca—eh é?bl_ﬁeré
equi pped W fHh—stgh—a ”1
identity calds, qeasohi " tic
20 Fi nal Ily, anot her t he
invention ig in g display

0.079

0.079

0.040

0.040

0.040




is’intended for displaying data and information and can be used as an
_indicator board, for exanple in departnent stores, railway stations and

ai rports. Figure 3 diagramatically shows a”WEHWYﬁTﬁ——ﬁ+9dHG#n

di splay cells according to the invention. The neans

continuous operation has essentially a feed unit 10 ;im m' ,g rvoir
102 which contains a liquid crystal mxture 103. A substance

pol ymer beads) which ensures that a certa|n23ayer thi ckness d is nalntalned

during the production of the dis cells is also dissolved in this

m xt ure. The feed unit aﬁ%&wme%sheat ed rollers 105 and
106 which bring two filmwebs 107 and 108 passed over theminto a

funnel -1i ke position relative to one another. The liquid crystal mxture

103 can now ba .pour edacbiktawdes 1y qugdeeysitha fdd1m masidg7a and 108 which
are fed vertically dowward over the rollers 106 and which in turn are

provi ded w1thﬁﬁﬂ¥QQ%RQ%rh%nt¢bhnﬂl gnecthear bérefringenthd iawid ng process
of the rollers 10 ults i onal _orientation o e l.i.q crysta
Cayer. and tnETal TSl Ef A ROLePiAEF: BhrRan o ceaad Ve
plurality of dispify a GSAls OF f)Qﬁaﬁi’QYeﬁEEEéQ”QtaYQQ)C%:.HF%rRﬂd‘é{é OUt

fromthe fllnlstrlp t hus produced, provided this film strip is enbossed
bef orehand i n Hextlipsidndrystdddlayer| dallhated enchhefeddd.ch is

21 provided with a surface structure orienting the
molecules of the liquid crystal layer (21) and with an
electrode (26, 27) for generating an electric field, and
the liquid crystal layer (21) having a layer thickness
d, a spontaneous polarization P, > 50 nC/cm’ and a
saturated switching angle a > 45°, wherein the liquid
crystal layer (21) contains polymerized molecules and

wherein the layer thickness d is greater than the helix

pitch p of the unpolymerized liquid crystal layer in the

cell-free state.

2. A liquid crystal cell as claimed in claim 1,
where the voltage may not fall below a threshold voltage
U, for switching between the two stable positions of the .
director, wherein the magnitudes of the two threshold
voltages U, intended for reaching the two bistable

positions differ from one another by not more than 20%.

3. A liquid crystal cell as claimed in claim 1 or 2,
which comprises a resistivity p which is at most

2-10° QOm, preferably at most 10° QOm, at room

temperature.

4. A liquid crystal cell as claimed in any of claims



conéentration ag/g structure A 0. 034 A 0.119

structure

C 0.008 D 0(3.1014 0.195 =\[ior_]074
0.023 0. _ .
, S50 L LI TR
: - 24

1 to 3, the liquid crystal layer (21) being formed by
means of light and an alternating electric field for the
formation of said cell, and the liquid crystal layer
(21) formed in this manner being present in the
electrically saturated state when, during the forming of
the cell (20), neither the angle of rotation of ‘the
refractive index ellipsoid nor thé magnitude of the
birefringence An is markedly changed by an increase in
the AC voltage, wherein the two bistable switching
states in the formed state enclose a switching angle o
which is at least 7° smaller than the switching angle o
observed in the case of saturated switching, and wherein
the magnitude of the birefringence An of the two
bistable states is at least 5% smaller than in the case

of the electrically saturated liquid crystal layer.

5. A liquid crystal cell as claimed in any of claims

1 to 4, which comprises two polarizers (24, 25) arranged

perpendicular to one another.

6. A liquid crystal cell as claimed in any of claims
1 to 5, wherein the liquid crystal layer (21) contains 1
to 20% by weight of polymerized compounds.

7. A liquid crystal cell as claimed in any of claims
1 to 6, wherein the saturated switching angle a is

greater than 50°, preferably greater than 60°.

8. A liquid crystal cell as claimed in any of claims
1 to 7, wherein the two plates (22, 23) alternatively

consist of glass or flexible plastic.



0,114 0. 079 0. 079 0. 040 0. 040 0.040
.23 . WHAT IS CLAIMED | S: 1. A bistable liquid

crystal cell having a ferroelectric, chiral snectlQ+.bLLeLL+ﬂgeﬁ¢—+TTr”d
crystal layer (21) and pol arizer nmeans, the cell (20)

paral l el plates (22, 23) which enclose the liquid cr l‘i‘mgﬁm “and
each of which is provided with a surface structure or| € 10 ecules

of the liquid crystal layer (21) and with an el ectrode (26, 27) for

generating an electric field, and the liggid crystal layer (21) having a
| ayer thickness

9. A process for the production of a liquid crystal

cell as claimed in any of claims 1 to 8, wherein a
ferroelectric liquid crystal mixture in the
unpolymerized state is filled into a prepared cell,
wherein this cell is illuminated from both sides with
light of equal intensity for the polymerization and
wherein a symmetrical AC voltage is applied to the cell

during the polymerization process.

10. A érocess as claimed in claim 9, which comprises
using an AC voltage having an amplitude Which is at wmost
10% smaller than the amplitude of the saturation voltage
and a period which is shorter than the time in which
about 0.1% of the polymerization reaction takes place.

11. A display means containing a liquid crystal cell

as claimed in any of claims 1 to 8.

12. A display means as claimed in claim 11, which is

a board for displaying data and information.

13. A card containing a liquid crystal cell as

claimed in any of claims 1 to 8, the plates of the cell

consisting of flexible plastic.

14. A card as claimed in claim 13, which is a bank or

credit card or a pass card.



d, a spontaneous polarization P[err] > 50 nCcnferr] and a saturated
swtching angle [err] > 45[err], wherein the liquid crystal |ayer (21)
contai ns polynerized nol ecules and wherein the layer thickness d is
greater than the helix pitch p of the unpolynerized Iiquid crystal |ayer

in the cell-free state. 2. A liquid crystal cell as clained in claim
1, where the voltage nay not fall belom/a threshold voltage Uerr] for

swi tching between the two stable positi of the. director, wherein the
magni t udes of the tvﬁiSTﬁﬁkﬁuﬁﬁﬂRA%ﬁﬁﬁiﬁiQJFQQWIqIQRﬁﬁﬁ@G'FE?JTeaching t he

two bistable positions differ fromone another by not nore than 20% 3.
A liquid crystal cell as clained in &BSTRALTor 2, which conprises a
resistivity p which is at nost 2[err]10[err] [err]m preferably at nost
10[err] [err]m at roomtenperature. 4. A liquid crystal cell as

claimed in any of cKmiowh liquid crystal cells have a nematic ligdid to 3,
the liquid crystal_layer (21) being fornmed by neans of |ight and an
al t er nat i ng ¥¥¥8%3] cconfiguratiencandyr dnt Aggosdanged wisth thisd the |iquid

ol bat 11 cal o EbraBLaR, oy, BrReRRRA ho R Y BB Shcerm (20

nei ther the saotfuelthatabueh ebllBearechideguate Fiemaly | psoid nor the

magni t ude of the
applications. However, their image quality is dependent
to a very great extené on the user's angle of view.
Furthermore, TN and STN cells require a dontinuously
appliéd signal voltage if it is intended to display or
store information on one. Bistable liquid crystal cells
having a ferroelectric, chiral smectic liquid crystal
layer do not have thése disadvantages of nematic display
cells. However, the commércial production of such
bistable display cells has scarcely become established
to date. This is in particular because they are not
very suitable for reliably storing information or do not
permit absolutely equivalent switching between the two
bistable positions of the director. The invention now
proposes a novel, bistable liquid crystal cell which
avoids precisely these disadvantages. Starting from the
SBFLC display cell disclosed in EP-A 0 405 346, the
dispigy cell according to the invention is distinguished
in that its liquid crystal layer (21) contains
polymerized molecules and is formed, by treatment with
light and an alternating electric field, in such a.way
that it has two equivalent, bistable switching states.

Figure 2



birefringence An is markedly changed by an increase in
states in the forned state encl ose a
| east 7[err] smaller than the sw tching

angle a observed in the case of saturated sw tching,
magni t ude of the birefringence An of the two bistable states is at
of the electrically saturated liquid crystal
as claimed in any of clains

wherein the two bistable sw tchi
switching angle a which is at

5% smaller than in the case

| ayer. 5. A liquid crystal

ng

cel |

and wherein

the AC voltage,

t he
| east

1 to 4,

whi ch conprlses t WO polarlzers (24, 25)142ranged perpendi'cular to one

anot her .
5, wherein the

F 19"

*d crystal

qU|d crystal
| ayer

cel |
(21) contalns 1

as claimed in any of clains
to 20% by weffght of

lto

pol ymeri zed conpounds. Hgurd—erystat—ceH—as—etab i{lany of
claims 1 to 6, wherein the safalated swtching angre ais t han
S50[err], preferably greaterdhanj6eter——-8————A-tigui stfé cell as
clainmed in any of clainms 2% tp/'"mherefn*the—rm@—p+a% Z
al ternatively con5|st of qkéss or_flexible plastic. 27 >4-~
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25.i9. A process for the production of a liquid crystal cell as
claimed in any of clains 1 to 8, wherein a ferroelectric liquid crystal

“mxture in the unpolynerized state is filled into a prepared cell, wherein
this cell is illumnated fromboth sides with |ight of equal intensity for
t he pol ynerization and wherein a symmetrical AC voltage is applied to the
cell during the polynerization process. 10. A process as clained in

claim9, which conprises using an AC voltage having an anplitude which is
at nost 10% smaller than the anplitude of the saturation voltage and a
period which is shorter than the time igyehich about 0.1% of the

polynerization tEgn takes place.. 11. ~A display nmeans containing a
“liquid crystal EI s clained in any. 5.1 to 8. 12. A di spl ay
- means as clalned claim 11, whichi=s e

q@$ay|ng data and
a

|nfornat|on cell as clalned

pl asti c. 14.
card or a pass card.




