214 6787 -1- A LI'QU D. CRYSTAL -I NFORVATI ON STORAGE DEVI CE The present
invention relates to liquid crystal information storage devices based on
liguid crystalllne polyners or liquid crystalline nmateri ning su

pol ymers.. 5; 5 It is well known that |ow mlecuﬁi&\%’?m .
mononering.”l'i quid crystals consist of conpounds having an el ongat ed or

r od- Ilke structure usually with a rigid qoce. In addition, nolecules which
show such liquid crystallihe behaviour usually contain a péTnanent

el ectrical dipole and 10 easily pol arisable chem cal groups. Liquid

crystal phases, or nesophases, show varying degrees of nol ecular ordering

bet ween the al nost perfect three dinensional structure of a crystalline _
solid which exhibits positional and orlentatlonal order and the randomy 15
ordered state of an isqtri : FORMAR ARA CE possessed
by liquid crystals give rise to three distinct nesophases knomn as the
smectic, nematic and chol esteric- phases. |In a snectic nesophase one .degree

of posi tional order s aigen'ppQdehll 1nbne 67 Pl e ds S L Yl G B3 ulc

information storage dev1ces based on liquid crystalline

polymers or liguid crystalline materials containing such

pblymers.

S It is well knbwhlﬁhat low molecular weigbt or
honomeric liquid crystals consist of compounds having an
elongafed or rod-like structure usually with a rigid core.
In addition, molecules which éhow.such“liquid crystalline
behav1our usually contain a permanent: electr1ca1 dipole and -

. 10 easlly polarlsable chemical groups.

Liquid_crystal phases, of mesophases, show varying

degrees of molecular -ordering between the almost Qerfect'

o . three dimensional structure of a crystalline solid which
exhibits positional and orientational order and the randomly

15 ordered state of an isotropic £luid.

The varying deéreeé of order possessed by liquid-
crystals give rise to thrée distinct mesophases kpﬁwn-as the
smectic,-nemaﬁic and cholesteric phases. 1In a smectic
mesophase one degree of positional order is absent and this

20_ leads to a phase which has the orientational order of the



-crystalline state together with a two dimensional directional order. The
phase thus has a lamellar structure. In the nematic phase -all positional

order, g lost so that the centres of gravity of the nolecules are arranged
5. omy in space. The orientational order is however naintai,ned_so
t haf re is a statistical orientational ordering of the nol ecul es &

pardiFel to their long axes. In the chol esteric nesophase the nol ecul ar
order is characterised by an ori ent 3t RoMal order simlar to that 10 f ound
in nematics but in this phase the axis direction changes continuously al ong
an axi s perpendicul.ar. t I rsg .a races, put elical, path., This"
nmesophase isc5}’53%31%%gmégg%%gvmag?%tqh%e?wgfgﬁ, %e#aﬁ?c%‘gsgﬁés%nﬁzd
requires, thaj; : geyy Tat gk babnhSe 0Pk (¢ TRVICY pitch
of 'the hel | e iAE FERpAOSRGEr 10, AhicTbhidePthist thay £da e aecloclid®. D
characteristic of this nesophase is a bright selective colour reflection.
Such chol esteric nmesophases are often used in thernography since slight

t enperat ure changes dilst atie temadtdld phastec rlingoisitdéohaazderdér e aoshange
in the colour of the reflected light. Low nolecular weight liquid crystals
havi ng a nense i thats e icendresholfegravity sof uthe rnolemel ¢ axrediaxcianged and

because of their optical properties have found many technol ogi cal uses
especiaﬁ|yigpq@@mém“§QﬂgEgpgnicThe orientational order is however

maintained so that there is a-statistical orientational

ordering of the molecules parallel to their long axes.

_In.the'cholesteric mesophase the molecular ordef

is characterised by an orientational ordér similar to that

10 found in nematics but in this phase the axis direction
changes continuously along an axis perpendicular to the
first.and traces out é helical path. This mesophase is also
sometimes known as the twisted, nematic mesophase and
requires that the mesogénic material is optically active.

15 If.the‘pitch of the helix is of the order of the wavelength

of visible light, then a characteristic of this mesophase is

)

a bright selective colour reflection. Such cholesteric
mescphases are often used in thermography since slight
temperature changes distort the helix pitch and this leads

20 to a change in the colour of the reflected light.

Low molecular weight liquid crystals having a
nematic, smectic or cholesteric structuré have been
disclosed and because of their optical properties have found

many technological uses especially in the opto-electronic



-3- field. Recently it has been realised that certain types of polyner
above thei'r gl ass transition tenperature behave as liquid cfystals and

exhi bit thérnotropic mesonorphism 5 Such polyners fall -into two groups
namel y .maj n,chai - and side chain thernotropic polymer liquid cystals. \fnj
Their gguhe5|s follows a sinple-concept whereby nmesogenic segnments (the
term nesogoni ¢ neans nmaterials which cang exi st in nesonorphic

nodi fi cations), usually though not 10 necessarily, substituted nonomeri ¢
liquid crystals are incorporated into the polyner in one of two ways:- (a.)
the nmesogeni c segnents. can formpart of the polyner backbone, usually via
fl exible polynmhblaene spacerss, to give a mainh chain polymeric |iquid
crystal; or 15 - : (b) the nesogenic segnents can . be attached to

t he polyner backbone via flexible spacers giving a side chain pol yneric
liquid crystal e.g. poly[dl(N-p acr onloxybenzylldlne) p- di am nobenzene]
Pol ymers with liquid cryBegendilde idr bgem gealdand ithat sarkain £ynes
known; see S.B.  CLQUGH, A.. BLUMSTEIN and E.C. HSU, Macronol ecul es 9, 123
(1976): V.N. TSfERedymar gbove e Pasg prransition tenpenyture behave

as l1qm1d crystals and exhibit’ thermotroplc mesomorphism.
) Suoh.polymere fell into two groups, namely maln chain and
side chain thermotroplclpolymer liquid cystals. Their
synthesis follows a simple concept .whereby mesogenic
segments (the term mesog-uxc means materials which can exist
'1n mesomorphlc modlficatlons). usually though not

10 -necessarlly, substltuted monomeric liquid crystals are

incorporated into the polymer in one of two ways.-

(a) the mesogenic segments can form part of the
polymer backbone,'ueually.via flexible polymethylene

spacers, to give a main chain polymeric liqmid crystal; or

s 15 (b) the mesogenic segments can be attached to
. the polymer backbone via flexible spacers giving a side
chain polymeric liquid crystal e;g. polyl[di(N-p-

acryloyloxybenzylidine)-p-diaminobenzene]

Polymers with 1liquid crystal side groups as
20 described above are well known; see S.B. CLOUGH, A.
BLUMSTEIN and E.C. HSU, Macromolecules 9, 123 (1976); V.N.

TSVETKOV et a}.r'EUROP. POLYMER J. 9, 481 (1973); L.



STRZELECKY and L. LIBERT, BULL.SOC. CH M FRANCE (1973); p. 297. In all of
such .polyners, the backbones are flexible and do not inpart directionality
g=<pendant side chains. Side chain polyneric liquid crystals, of the
iBtic type 5 with flexible backbones are described in, US Patent
4355, while US Patent 4232951 describes a polyneric liquid crystalgy-
mat eri al having an extended rigid pol ymer. backbone with flexible -
non- mesonor phi ¢ pendant groups. Polynmeric liquid crystals of both types
- exhibit 10 nematic or cholesteric and/or snectic nmesophases according to
the physi cal gppsgfkdillr Odnd NE. "BESEEF) C SAGIBOLS efIA. | BRAKEEN(£973), p.
.tenperature. Liquid crystal polyners exhibit a glass-to- nesophase g
transition age@pposrdald bbesenspallymeard,o-diébaeKbonesr dsbaklefébilRase
transition of nmononeric liquid crystals. Crystalline transitions destroy
liquid crystahdide motlcimpict edisregtdomalidysitoi dhe peodant hgide qchalins.
crystalline order. The viscosity of polyneric liquid crystals is of 1 to 2
orders of ne§hdeuchain eolameris Hawidk qrystpdsi 9fothe ehglkegteric types .
makes devi ce fabrication consjderably sippler, than w th nmononeric |iquid
crystal 3. Th¥t&hi E1a3iRtePROFPARSFEATE dRaFTIRAD M Patert 42343 bn )
t echni ques or;specj.al _aligni cedures, e.q. _treatin surfaces .of :
t he device, HPIEﬁcbgsFﬁgegﬂe%%%% esrrgt Wi&??rig i{]q‘ﬁ’eéjp‘iﬁ S are
thermally foﬁ@@lfﬁ&irﬁ%@iﬁénath%EéHEHEBrigid polymer backbone with

flexible non-mesomorphic pendant groups}

Poiyﬁgfic liQuid crystals of both tfpéé exhibit
10 nemati¢ or cholesteric and/or smectic mesophases according
to the physical ordering of the mesogenic éegﬂents.as a

function of temperature.

Liquid cry#tal polymers'exhibit a glass-to-
mesophase transition as oppoéedﬁto-the crystalline-to-liquid
15 crystalline phase tranéition.of monomeric,liquid_c:ystals.
Crystalline transitions destroy liquid crystalline ofder
whereas glass transitions_store the_iiquid crystalline
order. The viscosity'of.polymeric liquid crystals is of 1
to 2 orders of magnitude greater than monomeric liquid oot
20 crystals. This makes.device fabrication considerably
simpler than with monomeric liquid crystals. There is no
need for hermetic sealing, spacers, eﬁcapsulétion techniques
or special aligning procédures, e.g. treating the surfaces
of the device, or enclosing the liquid crystal material.

25 The polymers are thermally formed and maintain their shape



unless heated to an |sotfop|c state. The use of the glass transition

behavi our of polyneric |iquid crystals -to store information resulting m
appl yi ng an alignment field to a device containing a polyneric liquid ézgé
crystal, is described in S US 4293435. By an alignnent field, we nean
external\Jactor which is used to alter the texture and orientation of the
liquid crystal nolecules; such factors ipclude, for exanple, electrical and
magnetic fields, and pressure (both atousTic -10 and nmechanical). In US
4293435, deV|ces are described which are addressed in the non-glassy state
‘to induce a change in cholesteric texture--in response to the alignnent

field and then opled $18a8ed! 85S¥nSiSbErd EhQEaEQ? | pfliCGde 1aF fhe glass

chol esteric st ructure 1s conserved even en t.he nmeans causi ng t

alignment is repFusiiich BehdviburaseE O{Jownei-ﬁ@t1i§uiaebéysba1§%b<:btase

off the field. This storage below the glass transition tenperature (Tg) in
the solid stat einfopnation gdsultdngbdrem?@pplyiagaahi adtighrener fiald ¢€daa.

This in turn means that the pol yner systemis required to operate at

t enper at ur es asdenicte mort@iningbevpolymenior ddquid cxystrdl iish descaibtedginf

i nformation to be stored, in a reasonable tine. This hi-gh
S US 4293435. o - . '

By an alignment.field, we mean the external factor
which is used to élter the ﬁexture.énd orientation of the
‘liquid crystal molecules; such factors_ihclude, for example,
electrical and magnetic fields, and pressure (both acoustic

10 and mechanical).

_In_US-4293435,'devices”are described thch are
addressed in the.non-glassylstate to induce a change in
cholesteric texture in response to the alignment field and
then cooled to a glassy state so that the induced

15 cholesteric structure is conserved even when the means
o causing the alignment is removed e.g. in the case of an

electric field, by switching off the field.

This stoiage below the glass transition

temperature (Tg) in the solid staﬁe requires.Tg to be above

20 the ambien£ temperature (Ta)Q This in turn means that the
polymef system is required to operate at temperatures as

much as 100°C above Tavin order to accomplish recording of

information to be stored, in a reasonable time. This high



-6- operating tenperature, aside from being practically'inconvenient wll,

in titre, result in degradation of the polyner. We have now found that
such'zasobl ens can be avoi ded by our appreciation that in the case of
cert@ side 5 chain liquid crystal polyners, it is unnecessary, to use
the Negfon bel ow the glass transition tenperature for storage, and tRgt in

fact stable storage for many years is achi evabl e at tenperatures above Tg,
and below a tenmperature (Tr) at whiehétke polyneric nmaterial begins to
becone fluid. 10 - - When the transm ssion of |ight between
crossed polarisers through a liquid crystal polyneric material is nonitored
as the tenrparatding tempasafurem x§ide fsemerbedng Prasticahdy
several degrees below the snectic- to-isotropic phase transition, at_which

poi nt the [ibREongenient; skl Jrf‘stdd'b%nl%?H&ngage%‘?gr?ﬁétti%@ﬁaitb@e
regi on above tgis tenpg@atﬁr% Tr_will. be eéﬁé ed % as tgg "flgig.rsgioWH
This i ncreas%° %P‘Féspon g 8 £ tl?e?(‘l’ufg n r S BR? ffncfpl% Bu _ .
The I Tant | ey Rl TP Sk rkedsdnh, Bld! B MO Gadd HETINANG (AT

tenperag ure &fddn Wi Gl & WAAsRANGollvindr ¥ P Nls Wil defd rlyS ¥l A3keC ok

clear phase first begins to appear. "Because the isotropic phase shows
extinction beéyee BeL6HeEnROIAAsEe trangitiba tetiedatire Edregtiriigy,e
cause a fall in 25 the light level as the isotropic regions increase in
Ssize until|l aandnyletatim factcptablecatbraget fior swany | yexk s |isnrachg evable
at temperatures above Tg,.aﬁd.below a temperatufe (Tr) at

which the polymeric material begins to become fiuid. e

10 " When tﬂe transmission.bf light between crossed
polarisers through a liﬁuid crystal polymeric material is
moniforgd as theftempefature is increased from Tg,_a
Eemperatufe T, is reached several degrees below the smectic-
to-isotropic ph#se transitioh. at which pbint the light

15 tragsmission’suddenly increases. The température regién
above this temperature T, will be referred to as the "fluid
region”. This increase corresponds to a texture cﬁange from
an anisotropic but opaque region to a highly birefringent
and therefore transmitting regibn. The light level

20 continues to increase until it reaches a maximum at a
temperature (T,) which corresponds to the point where the
isotropic or clear phase first begins to appear. Because
the isotropic phase shows extinction between crossed
polarisers, further increases in temperature cause a fall in

25 the light level as the isotropic regions increase in size

until a temperature (T,) is reached, the so-called clearing



-7- tenperature, corresponding to the di sappear ance of the Tast of any
birefringent structure in the nelt capable of being aligned. Fig. 2 shows

the general shape of the curve obtained. The determ nation of the vari gz
tenperatures Tg, 5 [err] and Tc for any polyneric liquid crystal
material(_is therefore within the conpetence of those skilled in the art\.
and the experinental procedures are descri-bédd-<n relation to an enbodi nent
of the present invention later in this specification. 10 '

According to the present invention, therefore, there is provided a liquid
crystal -inf or mat i oke¥#pgragureevFeEr esRPRdingigta the disHppagrancg of the last

containing a side chain pol ri.c liquid crystal,, of _a type having a glass -
transition tenper af’gr any Pé\ég%f'l’ré‘ﬁ sERO R A FRergedd caPﬁ&%'rﬁalq%ybelng
experienced atnospher.ical]y, and a.fu rt erture _TIr above [ t he

mat eri al becones fFui"g?‘%\f\%ﬁ chﬁf‘g'grzea%{é&%tshéﬁ{?ra?éﬁ%gﬁg or &Y f 86t iCtn Faturve .

thermal transitiongptadhel©aSiné QA drfiindtion R tha! vaes?aa? yénﬁ%ﬂétéé@é %y

in which its tenperature is in the range Tg to Tr, to the fluid

regi on above sTrandpnpas, f ahdaddr e68i a8y dpolpnetia DPRgdid lcryie AMRidedialnis
the fluid region so-as f'o achieVe a selective variation in texture and

orientation of nol eneregovet withihethat conpetance SE riwaed skildedainothe art,
wht ch | and the experimental proéedures are described in relation to
an embodimént of the'p;esént invention later in this

:im; | o specificétion..' |
10 | | - According té the present invention, therefore,
there is prdvided a liqﬁid crystdl information stbrage
device’comprising.ajlayer of material containing a side
chain polyme'ric liquid crystal, of a typé’ having a glass
transition'temperature Tg-less than ambient temperatué'Ta
15 normally experienced atmospherically, and a further

- temperture T, above which the material becomes fluid, which

is greater than T,, means for effecting a thermal transition

c

of at least a part of the material from a viscous state in

 which its temperature is in the range T, to T,, to the fluid

9
20 - region above T,,and means for addressing at least a part of
~the matérial'in the fluid region so as to achieve a
selective variation in texture and orientation of molecules
within the material énd’so record information, which
information is retained, without continuing to apply said

25 addressing means, on allowing the material to cool out of

the fluid region and return to the viscous state.



I nformation is retained, without continuing to apply said 25 addr essi ng
means, on allowing the material to cool out of the fluid region and return
toe: thv/ scous state. -8- It is therefore essential to use polyneric
mat;e? in which Tr> Ta >Tg. The rate of variation in texture or,

al i giiept, i.e. speed of addre55|ng, i s dependent on Tr-Tg. The |arggy-
Tr-Tg, the faster the’alignnent. W 5 have found, for exanple, with
Tr-Tg val ues of the order of 80[err], al?gnnent times of 1 to 5 seconds are

achi evabl e, whereas, when Tr-Tg is of the order of 40[err], alignnment tines
can be as long as 5 to 10 minutes - The acconpanyi ng

drawi ngs are provided as A0 I I ﬁégglmeb$ \@ngiaixwl Ss%”{,;!?%i}f%&ic-

liquid crystal |nfornat|on S orage evice m acCoradance

invention. |In tRgedrdW1R0S nFifhich in8 'c Tﬁret)%atessfetwe%t\i g\nvlaf

a device made in accordance with thé& 15 Ta i ‘vd&ntion, Fig. IS a gra

l'ight transm sstéttwgsics aligment,UriCel | spséd abf r&ﬁd}ﬁé&sﬁr@,sﬁbaﬁelp%nabﬁ&ed
in said device and Figs. 3, 4 and 5 are graphs of. response tine agai nst

respectively teomera+d e 'rl-e@plamienorg. . dthle f fgtiencyh enaleigninkher enWe
oper ati ng condltlons a side 20 ch |n pol ynmeric liquid crystal
operatlngsln ad@@VQaﬁ@@ndﬁtfpnrﬁxampbﬁtlmnth Ty-Tg values of the order of

80°C, alignment times of 1 to 5 seconds are achievable,
Whereas, when Tr-Tg is of the order of 40°C, alignment times
can be as long as 5 to 10 minutes. .. ;;}
~ 10 : The accompé;ying'draWings are provided_aé'an
illustration, by way of example only, of a liquid crystal
information storage device made in acco;adance with the
inventidn. -In the drawingé Fig. 1 ié a schematic-crossé
sectibnal-view of é dévice made in accordance with the
15 invention, Fig. 2 is a graph of ligh£ transmission against
temperature illustrating how a display is stored in said
device and Figs. 3, 4 and 5 are graphs of. response time
against respectively temperature, applied voltage angzi
frequency un&er different operating conditions, for a side
20 chain polymeric liquid crystal operating in_accordance with

the invention.

One group of polymeric materials which we have
found satisfactory for use in the device of the invention,

and which can be made with a Tg well below T,, are smectic

25 side chain polymeric materials such as those of the

polysiloxane type. These should preferably have cyano-



One group of polyneric materials which we have found satisfactory for use
in the device of the invention, and which.can be made with a T well bel ow
Tag -are snecti.c 25 side chain polyneric nmaterials such as those of t-h
pol ysi l-oxane type. These should preferably have cyano- -9- bi phenyl -"s.i
chai ns./ACne particular material coded CP 1, has in addition to :
cyano- bi phenyl side chains,  nethyl ated benzoic acid ester side chains. The
structure is given by the fornula [err] 5- 9 = This material has
the followi ng values for [err] Tmand Tc, nanely, 4[err], 82C, 93C and

105C, respectively. [err] .is therefore bel ow anbient tenperature under

normal i ndoor condbipbeaylSgidebkbaingui doseypaunticnieri nhtextiiadh codledb&P1IA,
used to.form side chains and give snectic side chain |jquid crysta

pol.yneric materi al Baghén a‘éﬁégdéé te syppeghdirheny b&ide iadne B¢ thylased

by the follow ng exanples, where g, k,.5, n.and i are respectively, the
gl.assy, crystallinB®RZREE FE}SnﬁﬁgFFc?laﬁdcT‘?&PFOpi'P‘ﬁhﬁégg?g‘ure e given by
' ' the formula : ' _

Me?SiO

&a o [Me
. 25

s-ro—(CHz)SOCN' ]

[ Me —'-—sa-o—'_-_ (CHz)4O©CO'O©'_C3H7 ]
- - T

SiMe,

5 '  This material has thé following values for ’I‘g, Tyr

L _ - T, and T,, namely, 4°C, 82.°C, 93°C and 105°C, respectively.

Tg is therefore below ambient temperature under

normal indoor conditions.

Suitable liqﬁid crystal materials which ca?® be

10 used to form side chains and give smectic side chain liquid
crystal polymeric materials when appended to a flexible
siloxane backbone are .given by the following examples, where

g, k. s, n and i are respectively, the glassy, crystalline,

smectic, nematic, and isotropic phases.



- 10 - (a) Honppol ymers EXAMPLE | R

£ TRANSI TI ONS 1 [ ERR] [err] ' g
132.5 i 2 (CH [err] ) 14.6 a
Y'i [err] g26 s 150 I 4 -[err] + 7 )
s 87 i35 T Jerr] g 9 s 102 i 6y
- g 8 k 45 s 131 I 37 : [err] - ;
i 8 - (CH - 10 - s 130 9
] ' g 113 s 134 n 1SO 1 (b) Co- polyrrers Me
[err] [err]-[err] 10 g
L9 -11- (c) Terpolymers M Ve ' ‘Me [err] EXAMPLE
y (a) Zg olvmers FHASE TRANSI TI ONS -
Homopolymers . _ "
Me,Si0 sio SiMe,
R
EXAMPLE B S PHASE TRANSITIONS
—(CH,) , CN g 28.3 s 132.5°4
—(CH ) g 14.6 s 169.5 i

Lo TS I S T

—(crr2 co o g26 s150 i v
- {CH )70 €0.0 g 9 s 87 i -
5 N —(ca,), o-@-co o-g—cn .- g 9 s1l1l02 i :
6 "'(‘-'Hzn"‘O' -g-cu g8k45 s 131 i

7 . -—(c:-xz) s 195

—(cH,) cm - s 130
9 —(cu,) 5 9 113 s 134 n 150

[+ ]

(b) Co-polvmers

Me Me

Me3sio———-(- 5i0 ) — -{ Si0 ) SiMe
0.5 0.5 3

(CH2)60-©-©-CN (cs,) 40-Q-co.o- -C3H,

10 ' g4s85.94i




11 0..5 0.25 0.25 g 2s 115 i 12 0.5 0. 45
0. 05 : g 0.4 s 121.7 i Anmongst the siloxane polyners are pol yner

whi ch ‘undergo .a transition froma snmectic phase to a crystalline phase :} '
cooling rather than a transformation to a gl assy phase. If the
smectic™o-crystalline transition takes place 5 bel ow anbi ent tenperature
the materials can be used in the devices, pof the present |nveng| on. kf above
ambi ent , storage will be lost and hence terials having that
characteristic cannot be used. W have found unexpectedly that desplte t he
fact 10 that (thepprehatred polymeric materials for use in the devices of
the present invention are smectogenic in character, we can still -achieve
response times of the order of ygeconds or Me€Ss in the4efl uid region. Figs.

3, 4and 5 illustrate rise ti or responsg ti.ne undef different - 12 -
conditions for co-polymer CP 1.] The responge or rise f[inme is defined as the
tioe for the lightud rsaasm.s&(ogldq)_dmp.(tm&(ﬂ.é.eu(t 8i0 m+-t-4-a.Ls,mague Fig. 3
shows response tines” at tenperafurs just above BO[ &rr] through Tr to
above Tmfor a fixed voltage (3R0 [err] an frequencyf(B KHze si newave) .

Thi s shows the steep ri se:mnd.@.@e.pﬁnse I e a&upn‘e @L&@@%ﬁ%«:ﬁﬁczj@

CHy
(CH,) o-@- oo-@-c H
EXAMPLE_ X ¥ z__ PHASE TRANSITIONS
. 11 © 0.5 = 0.25 0.25 ' g 2s 115 i
Y 12 0.5 - 0.45 0.05 g 0.43121.71

Amongst the siloxane polymers are polymers which
ﬁndergo a Eransitioq from a smectic phese to-a-cfystalline )
phase in cooling rather 'i:han a 'transformat.io'n to a glassy

.phase. If the 'smectic-to—crys‘tailine transitioh takes place

5 below ambient temperature the materials can be used in the

devices of the present invention. If above"ambient,'- storage

Aod - will be lost and hence materials having that characteristic

cannot be used.

We have found unexpectedly that despite the fact

10 that the preferred 'po]..ymeric materials for .use in the
| deirices of the present inventio_r{“ai:e smectogenic in
character, we can still achieve response times of the 6rder

of seconds or less in the fluid region. Figs. 3, 4 and 5

illustrate rise time or response time under different



appr aqhed. Fig. 4 sﬁoms that increasing the.voltage applied 10 to the

sa reduces the response tinme. Two curves are shown, ‘one at 85[err] and
th er at 90[err] i.e. 8 centigrade degrees and 3 centigrade .degrees
bel® Tm Fig. 5 shows the effect of varying frequency and waveformw th a

fixed voltage and tenperature, and indicates 15 that 305 Vrims in Qe
formof a sine wave at 3 KHz produces a considerably shorter response than -
the same voltage in the formof a sgqude~-wave at the sane frequency. The

i nvention also further includes a device in which the aligning field uses
an electric field to effect 20 _field-induced alignnent in pre-determ ned
areas in theeoriktdrng EPRcCRnPRLlIMmer CPednentye FeSPPRSE RFEippctimgD| y

the alignnment i ffected at a -13 -. tenperature bel ow,the inherent
cl earing terfb%r%ﬁ’r%ecgfa%é"?'(f gaf“fm‘:*?raﬂaegéggw FESRT L $ALOHRTR AP Ren
bei ng cool e p. s St lor to renoving said field. If a
sufficientl ;‘/St#l)g‘zf cf(;% I 'ng 5 e-a‘%ag'%duced, the field my be 5 renoved

prior to. cooling. In the prior art, optical storage i-s well known in
mononeric liquid crystals, namely the chol esteric and snmectic nesophases.

Storage devices utilisd.hg ghbwdd lsponse times at temperatures just
S  above 80°C through Tr to above Tm for a fixed voltage (300

Vemg) and frequency (3 KHz sinewave). This sﬁows the steep

rise in the respor;se time a'.. ambient temperature is

approached . -

Fig. 4 shows that increasing the voltage applied
10 to the sample reduces the response time. Two curves are
shown, one at 85°C and the other at 90°C i.e. 8 centigrade

dégrees and 3 centigrade degrees below Tp.

Fig. . 5 shows t;.he effec-'t of varying frequency and -
waveform with a fixed voltage and temperature, and indicates
15 thét 305 Vemg in the form of a in-g ﬁave at 3 KHz prpduces a ;/
considerably shorter response than the same voltage in the

form of a square wave at the same frequency.- :

The invention also further includes a device in
which the aligning field uses an electri~ field to effect
20 field-induced alignment in pre-determined areas in the form

of a sine wave at a frequency of 2 to 4 KHz.

Preferably the alignment is effected at a



or varying optical transm ssion of two or nore textures 10 whi ch ma
thermally, electrically or magnetically induced. In a specific exanpl
electric field applied to the G andjean, or planar, texture of a
cholesteric film:. transforns it into the focal-conic or fingerprint

t ext ur éd_mwhi ch are sustai ned for a considerable period and exhibit 15
nDderater strong |ight scattering. - Contragt ratios of 7:1 have been
"obtained in such devices. These induced textures are stable for periods up
to several days, after which they will have reverted to the original state.
Fil. mthickness and surface alignnment can be critical factors in these _
-14- devices. The present invention-utilises a polyneric liquid crystalline
mediumin which an extrenely stable stored texture, with an increased
contrast ratio, can be induced by 5 an aligning field applied across the
mat eri al .. These hepperatues thekow ntheelnkerent: ickdaringo rempesiatyre of said
nmechani cal . gﬂof exanple, an electric field can be ap glled paral |l el or

per pendi cul ar tc eYPediang a?er]é?:‘fl"t'm' Fheaﬁﬁf-ﬁéllaéxéﬁﬁpe eingycep led, tpe 2 |

d h d I | f.th
mecerial . n Zﬂpeﬁé%‘é‘nﬁtr‘i‘gé "BiaE8, Fied e £ Do "Fara kRt o ub 'S

-can be eStabl'ShgngQEEéﬂfifiﬂEHL coollng rate is induced, the field may be

5 removed prior to cooling.

o - o In t'he prior ért, .o.ptic_al storage is well known ih
monomeric liquid-crys;als, némely the-choleéteric énd
smectic mesophases. Storage de§ices utilise the different
§r varying opticai transmission of two or more textures

10 which may be thermally, electrically or magnetically

. | induced. In a specific e#aﬁple an electric field applied to
the Grandjean, Qf planar, £exture.of a cholesteric film,
transforms it into the focal-conic or fingerprint textures
which are sustained for a considerable period and exhibit

15 moderétely strong light scattering. Contrast ratioé of 7:1
have been obtained in sudh devices. These indu¢ed textures
are stable for periods up to several days, after which they
will have reveited to the original state. Film thickness

and surface alignment can be critical factors in these



apparently indefinitely, since no deterioration has becone evident. 15
Ref NNg nowto Fig. 1, in a sinple exanple, the polynmer material 10 is
cpngggaed as a thin filmin a zone or cell defined by two superinposed
gl ass”plates 11 on the inner surfaces of which, transparent conductive
filns 12 have been deposited. Spacers 13 are used to define the cell Z@
thiéRhess. The conductive filnms 12 can be etched to provide a desired

di splay pattern such as a dot natrix,lieyen-segnent character, or meander

pattern display. As illustrated in = 15 - Fig. 2, field-induced
alignment of the polymer |ayer 10 occurs when an-electric field of
sufficient sidpiedd), is applied by the conducting filns, if the polynmer is
el evated to a tenperature in the range Tr to Tc,. and preferably close 5
to its inherent clearing tenperature Tc. The texture, so produced, may be
stored, with the applied field renoved, at tenperatures below Tr. In the
unal i gned state the pdhemnpresent iinveptdon atdlisesi depoliymerde ligadid )
transm ssion to the naked eye, whilst the field-aligned stored texture is
10  optical¢yystatildpec uBpdar vhighspar @rtremaltysssekl e extaredor
di splay can be erased either by el evating the polyper |ayer agbqve Tc_and
cool i ng mﬁtrﬁﬁﬁtQﬁF%uﬂﬂﬁhu?n increased contrast ratio, can be induced by
5 an aligning field applied across the material. These may be

electric, magnetic, optical, acoustical or mechanical. By

way of example, an electric field can be applied parallel or

perpendicular tc the viewing direction. In another example,

a laser can be uséd to heat and simultaneously optically

10_ align a part or parts of the material.

. ' In experiments so far carried out, a contrast
ratio of up to'lO%:l.can be established and sustained,
apparently'indefinitely,'since no deterioration has become

evident.

15 Referring now to Fig. 1, in a sihple examplé, the
polymer niaterial 10 is contained as a thin £ilm in a zone or
cell defined by two superimposed glass plates 11 on the
inner surfaces of which, transparent conduétive films 12
have been deposited. Spacers 13 are used to define the cell

20 thickness.

The conductive £ilms 12 can be etched to provide a
~desired display pattern such as a dot matrix, seven~-segment

character, or meander pattern display. As illustrated in

»



electric field, or by changing the electric field paraneters i.e. its
frequency, direction or magnitude, or any 15 conbi nation thereof. The
stored texture may-al so be produced by subjecting the polyner to an '
aligning field at- a tenperature below Tr and by |ocally heating specit
areas apave Tr. Upon cooling, this leads to a positive contrast stored 20
di splay: "Alternatively the said stored texture may be witten upon by
heating parts thereof above Tc and cooki A§ #o provi de a di splay show ng
negative contrast. Wth both conducting filnms 12 transparent, a

transm ssive. display is produced. Alternatively, reflective - 16 -

exanpi &, oo a LRRA 2%23%%@5—8 ipedl plionrent; oF | Hheyapl %&gga%{,& 1o
ol o tontr acpekar g (R ﬁi%%%‘&ﬁ%f@ﬁ"%%ﬁ%# st Eﬁ%‘n%
usi ng Li ght. AbsoPBrRed ioy yile ' Sencdi PR L, 2 TGP silms B %&t
the polymer i QHbdaC{:e’ﬁfa@ratv?Péhu@m Fanydl YLD 85, \Bhd pfeff¥dlly close
absorbing may al so 10 have fluorescent or [ike pFopertles This is
anal ogous t9 thgoshtealihhdreusicliwnting (tsaperatute.c Theutdxeutsd,alse
: produced, may be stored, with the applied field removed, at
temperatures beiew Tpe In the unaligned state the polymer
k4. _‘ film is opaque and provides minimal light transmission to
"~ the naked eye, whilst the field-aligned stored texture is
10 optically isotrepic.and appears transparent. The stored.
- texture or dispiay'can-be'erased'either by elevating the
polymer layer above Tc ‘and cooling without an appl1ed
electrlc field, or by chang1ng the electrlc field parameters
i.e,.zts frequency, directlon or magn1tude, or any

15 “combination.thereof.

The stored texture may also be produced by
subjecting the_polymer to_an aligning field at a temperature
below T, and by locally heating specific areas above T
Upon cooling, this leads to a positive contraet stored

20 display. Alternatively the said stored texture may be
written upon by heating parts thereof above T, and cooling

to provide a display showing negative contrast.

With both conducting £films 12 transparent, a

'~ transmissive display is produced. Alternatively, reflective



but W th the advant ages descrlbed below. In addition to the stated
advapeages of contrast ratio and shelf life of display devices produced as
pscri bed above, when conpared with | ow nol ecul ar wei ght, or

ic, liquid crystal storage displays, no surface treatment of the
contalnlng surfaces is required, and the .cell thickness has no signi fjif£ant
efféct on the storage lifetine. Another significant advantage of the

pol ymer 20 storage device is the physical durability of the film Wil st
nmononeric liquid crystral storage df ays are highly sensitive to

m shandling, i.e. the texture mhether stored or unstored can be destroyed

bl yrer 1 ox ERAP LR %cSa8" Prc A LARY Byl RIS, PRR, I3 C'&xabrft' 3 Stﬁ o
Wi t hst and e%ﬂé‘@tf@é’s' ?L- Qﬁéh‘%‘icé QL o 1% GO %e%

pl ates, i ayer tal'ns the crac ro en na erlaF A

furt her- advag %gesmziaﬁe @Qir.ynéél&g&'f&i“ rétiect svd hﬂsﬁmyd 4l 156 Cflade
di spl ays spacers are not necessary. |ndeed, the polymer may be adapted for

use in the fg pricimgd coldiveds fm.]_.élitdﬁﬂﬁéﬁﬁxd Othéi GGLE taYyesdnédast
coating on a flexible or rigid backing sheet. This is in direct contrast

to noneneri wistist the. ndemaldyagehite preelenabl gfefthert ogaguesmmelynesi.de

¥

Coloured polymers giving similar high contrast storage may
be produced by ﬁsing lighE absorbing polymer materiéls'or by
dissolving-dYe molecules into'the polymer liquid crystal.
Such dyes or polymers as well as being ébsorbing may also.
10 have fluorescent or like properties. This is analogous to
the so called guest-host effect in monomeric liquid crystals

but with the advantages described below.'

In addition to the stated adyantages of contrast

ratio and shelf 1life of display devices prbduced as

15 descfibed abo#e, when comparéd with low-molecular weight, or

monomeric, liquid crystél storage displays, no- surface
‘treatment of the containing’surféces is required, and the ‘;/

'~ cell thickness has no significént effect on the storage

lifetime. Another significant advéntage of the polymer

20 storage device is the physical durability.oﬁ the film.

Whilst monomeric liquid crystral storage displays are highly

sensitive to mishandling, i.e. the texture whether stored or

unstored can be destroyed by sudden mechanical shock or any

undue pressure on the cell, the stored polymer texture in

25 the viscous state is extremely durable and can withstand

even the physical destruction of the containing glass



chain polynmers operating at tenperatures well above their 10 gl ass
transition tenperatures, i.e of the order of 50 centigrade degrees abo éggg
Tg. JIn particular, polyners with a siloxane backbone of around 50 unitseif“
Iength,\mﬁth side chains.containing aromatic rings and substituted to have
a strong.positive dielectric anisotropy linkéd to the backbone 15 by a

sui tably | engt hened pol ynet hyl ene unit are suitable. As discussed above, it
is essential for efficient operation of Yhe-devices of the invention to use
polymeric materials in which Tr-Tg is large. This is achieved by |owering
Tg. The nethods of lowering Tg are well known to 20 those practiced in

th t. Th i,ngl ude .t he foll ow ng:- 4l | ' the_t I bilit f
the pol yrer badline: - -7ehe LR  {aden FHYaiRR. T0e SEpohPdoct YRR,
t h | at es, ; - = S i Logs .
tact ity i o TRERUED Alfurense avaiadt M thel polynid Blrd011 ifey 1o
backbone. (iii)erigidi porPhatigeCiaxtds &02shhBysY Jpiiterts Cab¥ Rot necessary.

adding materials which dissolve in the polynmer system Such materials
i ncl ude non- redN@REd; NENe PollymetUiayiDe Haaptied Tot Uses inatHeNESPHEBE Ca
mat erials such as nmononeric liquid crystals which .
5 thin sheet or laminate, or single layer as a coating on a
flexible or rigid backing sheet. This is in direct contrast

to monomeric systems.

The storage is preferably effected by'sﬁectié side

éhain;polymérs opératiné a£ temperatufes wéll-above their

10 glass transition temperatureé. i.e of the'or;er of 50

ceﬁtigrade_degrees above Tg.' In particular, polymers with a
siiéxane'backbohe of aréund'éo units_in length, with siae, .

chains contaiﬁihg aromatic rings and substituﬁed to have a

strong positive dielectfic anisotropy linked to the backbone

_15 by a suitably lengthenéd polymethylene unit are suitable.

L ' As discussed above, it is essential for éfficient
operation of the dévices of the inventioh fo use polymeric
materials in which Tr—Tg'is large. This is achieved by
lowering Téw The methods of lowering Tg afe well known to

20 those practicéd in the art. They include the following:-

(i) Increasing the flexibility of the polymer
backbone. The flexibility is increased

progressively for methacrylates, acrylates and



may t.hensel ves al so act as dyes. 10 These relatively small

mol eculgs not only depress Tg, but also lower Tc and Tr, It is in fact
p055|,i@\ to depress Tg radically wthout significantly l'owering Tr and
Tc. -Txh)g /i s useful where a polyneric material is found 15 . . to
have~a~Tr only just above Ta. (iv) Lowering the nol ecul ar weight, t hoygh
this can be acconpani ed by |oss of viscosity in the viscous state which can
interfere with storage life, or evemr ABewent storage. We believe that 20
nmol ecul ar wei ghts should not fall bel ow 3000. (v) Change the

pol ydi spersity. (vi) Selecting a polymer with a particular side - 19 -
group structure or spa¥ehOXanREh, as given in the table for homopol yners,
or, mxing two or nore different side chain polynmeric liquid crystal
materials, 5 (vii) M xing one or nDre non- mesogeni ¢ pol yner dyes

i th diff { Fol| d cryst mat eri,al s
\(Mviti i ;)ml\a/aﬁirngo(r:g_ pgl'yxmn;@%ngﬂéj &OA e pe ﬂé@ﬂ?i'ﬁ'déﬁghgiﬁﬁrﬁﬁélﬁé’de up -

of 2 or nore differentang arrangement of side chains along the backbone.

(iii) Adding plasticisers to the system, i.e by
5 adding materials which_dissolve in the polymer

system."Such'matérials include non-mesogenic

materials such as solvents and dyes, and mesogenic
materials such as mbnomeric liqﬁid crystals which
may themselves also act as dyes.
10 'Theée rglatively_small molecules not only éepress
Tqge but also lower T, and Ty It is in fact
possible to depress Tg radlcally without
significantly lowering Ty and T,
This is useful where a polymeric material is found
15 to have a T, only just aone T,-
-

(iv) Lowering the molecular weight, though this
can-be-accompanied.by loss of viscosity in the
viscous state which can ihterferé with storage
life, or even prevent storage. We beliéve that

20 : molecular weights should not fall below 3000.
(v) Change the polydispersity.

(vi) Selecting a polymer with a particular side



10 ' groups. (xi) Addi ng dyes to the liquid crystal pol yrrers@
side groups and these can be chosen to alter [err]and Tr either up or d
according to their chem cal constitution. The concentration of dye iS '~
can be up to 100%to create a dyed nmesonorphic polynmer. (x) '
Cross- | ixaking the polynmeric liquid crystals to forman el astoneric

material; this cross-linked conpound thepgacts as a plasticiser or diluent
and 20 : reduces [err] and [err]” Experimental work to study the
effects of aligning - 20 - fields on the textures of a number of polyner
lTiquid crystal materials, has been carried out to determ ne the scope of

the invention. In the exqmwu@idt&ua&ﬁ@eedraagadegcméhgsh,tagnﬁivegekhstngre
produced using 2.5 centinetre square glass platgs with indiunftin oxide

el ectrodes. Aligning fieltddlerfoaphomapakbyngrp)llored mixkngr teguar mares
of peak voltages up to around 500 volts and frequencies between. 10 Hz and
1 MHz. Cell spacings of tdif%eregtogifiecrehrinepelymarigndiguid crystal

phot o- di ode detector was used  tQ determ.ne the optical transparency.
] materials, o

5 - (vii) Mixing.one or more non-mesogenic polyﬁer
dyes with one or more differentside chain
&x: c - polymeric liquia crystal materials.
(viii) Making cbépolymer materials i.e. the pendant
side-chains_are made up of 2 or more different

10 _ , gréups.

(xi) Adding'dyes'td the liquid crystal polymers
as side groups and these can be chosen to alter
*_Tg, Tc-and T, either up or down according to their
chemical constitution. The concentration of dye
W 15 : can be up to 100% to create a dyed mesomorphic

- polymesr.

(x) " Cross-linking the polymeric liquid crystals
to form an elastomeric material; this cross-lihked
compound then acts as a plasticiser or diluent and

20 - ‘reduces Tg, T. and p

Experimental work to study the effects of aligning



At tenperatures close to the mel ting tenperatUre-[err] both DC and AC

fig\Ny were applied. Depending upon the voltage,
apNiZed’ it is possible to 15 i nduce either turbulent textures or static
Pol ymer type CP 1 showed turbulence with DC and | ow

di rector

reorientation.

frequency AC fields for sufficiently high voltages (around 300 vol ts)y

using cells having thicknesses of 10-30 mi crons. 20 - Using AC
fields and particularly square, sine ggd-triangular wave AC fields it is

possi ble to induce static honeotropic alignnment. Optinmum alignnent is
obt ai ned using a sine wave AC field at a specific frequencey which is
depEialds omitiiet hexbiighesof ;a cwnber fofipblysieny liquid czystal
snmectie polyner at 2.5 kHz. The homeotropic alignnment effectively has

conpl ete trahdpardadp .char hean GarwiedPes &P drternhas sBpcFEPPRNPEN

‘mat eri al

gi ves an extrene)

lower is the field needed to induce either turbul ence or honeotropic

\ on. Also. th _ : i : al
orientation so, t %rpp%#a%g%fgwgg%lagrtrra%dj éﬁ?cﬁg%a%éé' n@hgrl a |

and cel |
5

10

15

- 20

10

t hi ckness _ onse tines e of t
cells were produced using 2.5 centimetre square glass plates

with indium/tin oxide electrodes. Aligning fields were
applied using pulsed sine or square waves'of peak voltages
up to around 500 volts and frequencies betﬁee; 10 Hz aﬁd 1
MHz. Cell spacings of typically 20 microns were used, and a
photo~diode detector was used_tO'determine the optical

transparency.

At temperatures closé to the melting temperature
Tpe both DC and AC fields ﬁere applied. Depending upon the
voltage, frequency and wave form applied it is possible to
induce either turbulent textures or static director

reorientation. Polymer type CP 1 showed turbulence with DC

and low frequency AC fields for sufficiently high voltages

(around 300 volts), using cells having thicknesses of 10-30

microns.

Using AC fields and particularly square, sine and
triapgular wave AC fielas it is possible to induce static
homeotropic alignment. 0ptimum.alignment is obtained using
a sine wave AC field at a sﬁecific frequencey which is

material dependent, and the highest order is found using a

frequency and wave form

hl%h contrast relative to the scattering texture. The
spati al resdfti ept O%ray be of the order of a few microns, or |ess. The

hi gher the tenperature of the sanple above the glass transition [err] the

¥



order of a few seconds depend upon frequency, voltage, cell thickness,

material,':terrperature and the thermal history of the polyner. It is cle.,
that the snectic materials give higher 15 order and better contrast g

di sptays. .t han the nemati c and chol esteric materials, and the latter two
phases ~q. not respond significantly faster than the snectic materi al s.

| ndeed, . with the snmectic materials alignnment has been effected using RVS
vol tages of the order of a few tens of =281 =volts, with witing conpleted
"in less than 100 milliseconds. For co-polyner CP 1, the therno-optic curve
used to provide values for [ert] and [err] isas illustrated in Fig. 2. -

Th I re di d ' | by 5. 22 - . observi h

Sampl o bet oen RRBEEIE oY PSR! & oty TbEr | ngnen BTREPBP RS A B fent

anpl e bet & JOraPSer S artr- .

B0 or 1) the Loot orth oy St REeRbbafonty oo YA AL S tls |

due to the turbjgdbh¥eel thae 33™)! 4iich ol Ye¥aahougtele@idy Widh contrast
tenmperature. At around 80[err] the texture becones optically nobile and the

transni ssi on i nesEfse Steldené yscdttéring tdetweslp| ohvd agat ilad Risolation
ewi denced by smal | dark regions appearing in thr texture. Further
i‘ Pﬁ;faases bn 10may tizerpef dthe eridexd afo aafewnnicasespfoxlatessr ea until the
| The higher the témpérature of the sample above the.
'i*; ' ' glass transition Tgs ﬁhe lower is the field needed to induce
eitﬁ;f turbulence or'homebtropic orieﬁﬁationf Also, the
optihum frequency for rapid realighmeht is material and cell
10 thiékﬁess deﬁendentf' Response times which may be of the
| - order of a few seconds deﬁend upon frequency, voltage, ce;l
thiékpess, ﬁaterial, temperaturé and thg thermal history of -

the pélymer.

It is clear that the smectic materials give higher

15 order and better contrast displays thaﬁ the nematic and

&m‘ | . cholesfefic materials, and the'laﬁtér Ewo phases do not
respond gignificantly faster than the smectic materials.

Indeed, with the smectic materials alignment has been

effected using RMS voltaées of the order of a few tens of"

20 volts, with writing compléted in less than 100 milliseconds.

Forlco-polymer CP 1, the thermo~optic curve used
to provide values for Tg, Tr; Ty and T4 is as illustrated in

Fig. 2. These values were discovered experimentally by



traces of birefringent structure disappear at Tc, the so- called clearing

“te ature. It is believed that this is primarily due to the inherent
po spersity of the main chain siloxane Units used in the synthesis. 15
METHODS OF ALI GNVENT (i) '~ Laser or Optical In place of elgctrigc field

al i,gnment, ot her. addressing t echni ques can be adopted. For exanple, &
| aser can be used to effect optical 20 al i gnnent and si nmul t aneous heati ng
of the polyner, or to wite a scatterigpg-texture on a previously aligned
honeotropic texture .(electrically or otherw se aligned). Alternatively
birefringent textures can be witten on non- aligned or aligned sanples by
traversi ng acbseavimgmtios csamil e bk weepl erossed?2dbolibdsdrsr anids
large it is advantageous to include dichroic or fluorescent dyes in the
pol yner | i quR@agurdmg theckighyesrangmdmsior tibsoughi theosysserypammnd
witing may ge readily effected by a laser field at Ta with 5 Tr tens or
more degrees HBS\‘Féo["’ePlf]tE?“é’.e‘\ﬂfé#q‘r AL Ipsutesperatures (39, &80 G
[err] is sma #ﬁ by ipcluding a dye witin be a Q%Fved at . ower .
intensities.L es&@éﬁ?ﬁf?%ng8§ﬁPéﬁebsmﬂPH%P§3éraﬁFi  GEengpLssion 1s
5 low due to the turbidity of the sample and only various
slowly with temperature. At arocund 80°C Ehe texture becomes
optically mobile and the transmission increases suddenly.
At Ty the sample starts to melt as evidenced by small dark .
regions appearing in thr texture. Further increases in
10 temperature lead to an increase of dark area until the final
traces of birefringent st;uctqre'disappedr at T,, the so-
called clearing temperature. It is believed that this is
-.primafily_due to the inherent polydispersity of the main

chain siloxane units used in the synthesis.

15 METHODS OF ALIGNMENT

(1) Laser or Optical

In place of electric field alignment, other.

addressing techniques can be adopted.

For example, a laser can be used to.effect‘optical

20 alignment and simultaneous heating of the polymer, or to
write a scattering texture on a previously aligned
homeotropic texture .(electrically or otherwise aligned).
Alternatively birefringent textures can be written on non-
aligned or aligned samples by traversing a laser beam across

25 the sample.



the scale micrometres or |ess and appears to be limted only 10 by the
| aser spot size which is a function of the quality of the optics. Witing ;
is effected with mcrosecond pul ses (or less) with an energy density of
about” 4nd/-un?, making video or high resolution devices possible. The
writing Ny be projected or displayed by known nmethods. 15 In a
sinple case, optical witing can be effected by a non-laser device such as
a tungsten lanp or even sunlight. Since, ¥n=addition to scattering,
birefringent texture may be induced, it is possible to produce extra 20
| evel s of storage using polarisers and thus birefringence colours. An
application is in the field of hidden indicia, for exanple, for security
devices. Wth | aser induced - 24 - fields, as with electric fields, by
varying the power |evels ol age, mcont £ a t§pl ' id )
Magnetic A magnetic: fiel d‘ﬁf:taex1 l;fer'use_ & gj_'ép_r %éﬁ%a{?gﬁgnﬁi&gaﬁ%gﬁﬁgsf I(ttﬁ d
region, which, haweuae dganrbakecoROWluotestwnl dg¥e lia QNI |RIrmey fHihAA
response can be produced by doping the polymer liquid crystal with ferric
EXi de~ (iii) chysitals oThilsedydd augient theibheorptioncofi padridy iand
nown ' -

writing may be readily effected by a laser'field at T, with
5 T, tens or more degrees above T,, e.g. when T, is about
90°C. Furthermore if T, - T, is small,'by includihg'a.dye

W : writing may be achieved at lower intensities.

The resolution achieved with‘laser writing is on

 the scale.micrometres.or less and appéars to be limited only

100 by the laser spot size which isla function of the quality of
the optiés.  Writing is effected w}th miqrosecond pulses (or.
less) with an energy density of about 4qJ/um2,:making video

or high resolution devices possible. The wriﬁing may be

projected or displayed by known methods.

In a simple case, optical writing can be effected
by a non-laser device such as a tungsten lamp or even
sunlight.,

Since, in addition to scattering, birefringent
texture may be indﬁced, it is possible to produce extra

20

levels of storage using polarisers and thus birefringence
colours. An application is in the field'of hidden indicia,

for gkample, for security devices. With laser induced



10 _technol ogy that aligning agents or surfactants may be used for

nmeric liquid cyrstals. This is not so evident for polyneric liquid

al’'s. However we have found that rubbed polyim de surfaces do give

geneous (parallel to surface) alignnent for polymer |iquid crystals. 15
Homgotropic alignment is readily manifest using stress fields. Conbi Qat i ons
of magnetic, electric, |aser and streaﬁ fields could be used selectively to
achi eve the desired alignnent. Thus th a field already applied, a 20
| aser can be used to heat the sanple locally-above [err] In this way a
clear displ ag difs,Saat %@.‘%h”@l@f:tgif:f £160dg, by Juriny %@sgoﬁ@w 4 ehgrgnde
on a scattering background Simlarly, "heat pen" could be used to scribe
reversibly wmmapmm&mwmmhh pe sshséved. field, across a
cl ear honeotropi'c screen. 5 TYPES OF STORAGE (i) Scattering For
non- doped pol ymers the scattering texture is opaque and when al i gned
homeot ropi cal | y becones optically clear. Fast . cooling rates, i.e.,
from addressi¥g 10 Magpeticure to storage tenperature of the order of a
f ew seconds, give greater scattering than slow rates mhere

A magnetic field can be used to produce alignment
5 in the fluid region, which, however, can-take hours or even
days to complete. A faster résponse can be produced by

doping the polymer liquid crystal with ferric oxide. o

(iii) Surface or Stress

I1f surface alig?hent is required it is known

10 technology that aligning agents or surfactants méy be used
for monomeric iiquid cyrstais. This is not so evident for
polymeric liquid crystals. However we have found that
rubbed polyimidé surfaces do give hbmegeneouS'(parailel.to

surface) alignment for polymer liguid crystals.

15 _ Homeotropic alignment is readily manifest using

stress fields.

COmbinations of magnetic, electric, laser and
stress fields coﬁld be used selectively to achieve the
desired alignment. Thus, with a field already applied, a

20 laser can be used to heat the sample locally above T,.. 1In

this way a clear display (or scattering of different



partial annealing takes place during cooling, i.e. the smectic "grainsgf?éa
grow and ‘'scatter less as there are fewer scattering boundaries. This i :
i nportant for thin filns and 15 produces high density scattering as the
filme will ¢ool rapidly to Ta because of their relatively small bulk. This’
ef fect -ks, for longitudinal electrodes b g 2s menti oned previously,
transverse el ectrodes can be used to siofe honogeneous texture with

predom nant alignnment in the 20 hori zontal plane. As the refractive
i-ndex is anisotropic, so such a region is birefringent. A simlar effect
woul d be obtai nefkt hrkldd nPbELigalve UndE debd NEJBiat: d ALRY BAaRgRABIAEYE
di el ectric anisotropy. - -26- Besides optical switching properti‘es a

non- | i near -optisdiailaspppse ‘teeatbepearit okl be sk tex e it travad sailb oy
froman iodine laser at [err]= 1.35 mcronetres was passed through an

al i gned sanpl e acrSsse apr opadueoschHeennier vith ng rexjnticog ddebdedaandss a
energes as red light _at 675 nm Oher higher orders are observed at 337 nm
and combi nat i oifde3r, BOmeosIORiEr BAEEPRs and 437 nm (trebled) are observed.
The input pul ses are weakly focussed through the sanple with 1 - 2

m.crosecond pulses. ~ It is inportant in this 10 application that the
sanple i s gon- ' sorbing at this wavel ength (1.35
nicronetreg) oﬁﬁ&ﬁ#€?%5%?b¥ggg . : _ _
' (i) Scattering '
\ N For non-doped polymers the écattering texture is

opaque and when aligned hpmeotropically_becomes optically
clear.. Fast c¢cooling rates, i.e., from addressing

10 temperature to storage temperature of the order of a few
;ecohds, give greater7scatﬁering thaﬁ_slow_rates'where,.
partial énnéaling takeé.place duriné cooling, i.e. the

" smectic “grains" grow'aﬁd scatter less as there are fewer
scattering boundaries. This is importanf for thin films and-

18 produces high density scattering as the films will cool
rapidly to T, because of their rel#tively small bulk. This
effect is for longitudinal electrodes but, as mentioned
previousiy, transverse electrodés can be used to store
homogenéous texture withi?redominant alignment in the

20 horizontal plane. As the réfraétive index is anisotropic,
. 80 such a region is birefringent. A similar effect would be
obtained if the materials used were hegative rather than

positive dielectric anisotropy.



heatlng) mould occur. The conpounds studled have a peak transm ssion in the

neg fra-red. | f dyes which are strongly optically non-linear, for
ex®l e nitro-stilbenes, 15 are included in the polyneric naterlal t hese
optTal non- Iinearities are strengthened. . (i) Dyed Systens By the use

of blue laser |ight weak witing has hgen observed in undyed syst ens Jput
the inclusion of dye 20 S|gn|f|cantly | mproves performance. Two cl asses of
dyes have been used, nanely dichroic or pleochroic (straight consunptive

absorption) and fluor egéeided aBSOIRE1 Odw PEchiny PESpertiey £ ﬁéﬁiﬂr%lir _
wavel ength). Dichroic or pleochroic dyes which are solub e - - in

liquid crysteptictyleriespmneei alan che bbtsivedn tmnsmnecakbﬁkgmeﬁthost
effect. As fields are applied to align the polyners so the dyes are al so -
co- oper at i vergdiatiordfrom BniioﬂéyeméaHGVeaprJ%acéd38iQ@b&pﬂeﬁta$1W&aemt
colours 5 such aSF¥e||OM/ green, orange, blue, red, mauve and bl ack.

Al rost any cBRegedothzaudh AR @ligsed, sagple- bl§°mQRﬂr9R9ﬁ§iﬂqnﬂﬁ:thls
the pol yier 18 FEPGRAAFE AGILAY HRin g RAARAR AT of LOREoRE. T2 dibs
become a 10 44 £2k O GKeP b Mdd hd THNPRY Eﬁ%si‘bﬁﬁrQn&ré’éﬂfﬂééf%ﬁé/, in
i.e. 1.01 micrometres and”437 nmn (trebled) are observed.
The input pulses are weakly focussed through the sample with
1 -2 microsecbnd pulses. It is important in this_
10 application that the sample is non-consumptively absorbing.
at this wavelength (1.35 mic;ometreé) or.writing (i.e.
heating) would occﬁr. The compounds studied have a peak
transmission in the near infra-red. If dyes which are
strongly optically non;linear, for example nitr§fstilbenes,
15 are includéd-in the polymeric material, theSe'optidal non-

linearities are strengthened.

(ii) Dyed Systems

By the use of blue laser light weak writing has
been observed in undyed systems but the inclusion of dye

20 significantly improves performance.

Two classes of dyes have been used, namely
dichroic or pleochroic (straight consumptive absorption) and
fluorescent (absorption and re-emission at a different

wavelength). Dichroic or pleochroic dyes which are soluble

*



particularly attracti ve~eomreflection with a netallic.mirror, the incl

of dyes significantly inproves the 15 " speed -and efficiency of the la
writing process. . By including dyes and nodifying the |aser output power
or pul se_duration, there can be produced J(evel s of colour (grey scales) and
this will lead to nultiple infOrnatLon'bafnﬁ stored on one point. (Gey
scales is a termused to 20 describe controllable Iight |evels).

Fl uorescent dyes are also-aligned by the reorientation process . and give
rise to bright ghsplanus cegs%aiogéfﬁﬂeﬂse RatbbEaD®| @ir VY IWePfin' Rie so-
emtted |light the new colour swtching effect for polyner tiquid crystals
is - 28 - obtalbed. giteser Ablsyt, eddexntdi nQafielde diye sppliiédreo align
different degrees of light will be transmtted by the dye in the vertical
and hori zontal therpslymess P phleadyeisngre lales cod+tapsrabively bd igaed.
clearly. Laser addressing is 5. particularly useful in these systens. Wth
all types of dykn EhisrWAY, W8 dwvier Aroduced fdspdeyat of diffexeds sodoupee
to choose t.he position of ihe abso‘rgtion either_in the_visible sggc%rlum or

in the ultra-vidreR 3% yot AW YT PBasOTAAES Plups pBdsi BREVEOE ack.

Almost any colour or shade is therefore possible. For

one direction. Besides~giving very bright col oured displays which are @ '

homeotropic alignment 't_'he" system is  essentially clear

whereas in the scattéring state the p'o_ly_mer is brightly

N\, . coloured. Using homeogeneous _al.ignment- the dyes become a
10 coloured polarising medium as they absorb prefe_renti'ally in

~one direction.

_Begideé giQing very bright colcu:ed displays which
are particularly attractivé on-refléqtion with a metallic
mirroxr, the inclusion of dyes significantly improves the

15 speed and efficiency of the laser writing process. By
including dyes and modifying the laser output power or pulse
duration, there.can be produced levels of colour (grey
scales) and this will lead to multiple information being
sfored on one point. (Grey scales is a term used to

: 20 describe controllable light levels).

Fluorescent dyes are also aligned by the
reorientation process and give rise to bright displays. As
a consequence of the polarisation of the emitted light the

new colour switching effect for polymer liquid crystals is



1 di ssolve an ultra-violet or infra-red dye which is clear in the

p cal , and then choose a conveni.ent ultra- vi‘ol et ~e#—i'nfr a- r ed | i ght

SO e to effect the absorption. Thus a visibly clear track on opaque or
opaque on clear, or birefringent on opaque or clear may be readily induced.
15 .- Pul ses down to nanoseconds are easily achievable. Wth all of tfQg
types of dyes nentioned above, both honbgeni ous and honeotropi c alignnment
of the polyner serves also to align=tR8 dyes conconmitant with the polyner.
By experinmentation, it has becone evident that 20 there are nany

I ' bot h f d |, f d
Crystal storRRRRetze %&é&a’#ﬁ%&ﬁ%ﬁ%ﬁqamér thel e strul diree.

| .
acor add o Rl dGelel LB LR W)Y SUCk RS LRGP oI iy 1

phot ogr aphi cpipg QQQttCidariagéﬂa o KB e £ LPYI1RAG SV OfSe -G %&ié’fﬁgﬁnfgor

conputer or video purposes, and any other "application in which pernmanent

or changeabl £ Yt ézd Aok RN teaned sdehabilbatYyar dasilidditeddingiigr €
the al nost 5 i nst ant aneous change i n appearance, comonly found in

nmononer isc | ippritiarlatlayl useifnlndh ehesst spstemMsspeci fic exanple of a
vari abl e optical density device is an optical switch or variable
transm ssi on system

With all types of dye, dichroic, pleochroic or
fluoreséént;'it is also possible.to choose the position of
the absorption either in the visible spectrum or in *le o
ultra-violet or infra-red areas. Thus it is possible to
10 dissolve an ultra-violet or infra-red dye which is clear in
the physical, and then choose a convenient ultra-violet or
1nfra—red 11ght source to effect the absorption. Thus a
v151bly clear track on opague or opaque on clear, or
b1refringent on opagque or clear may be readily induced.

15 Pulses down to nanoseconds are easily achievable.

With all of the tYpes of dyes mentioned above,
both homogenious and homeotropic alignment of the polymer
serves also to align the dyes éonqomitaht with the polymer.

By experimentation, it las become evident that

20 there are many applications, both scientifiic and
commercial, for a polymer liquid crystal storage device made
in accordance with'the invention. Some examples are
advertising displays, audio-visual presentation including

laser addressing, variable optical density systems, such as



“where the device can undergo a transition froma clear to a 10 dar kened

state. * The use in this formis not limted to a sinple on/off optical .
devi ce, but also includes use as a variable transm ssion w ndow. Thi s_
is a feasibl,e application because of the ability of the device to store an

al i gnnment_ at anbi ént tenperature, w thout cooling to bel ow 15 [err]. It

is also preferable for such applications to be able to use relatively | ow
vol tages for heating and addressing the gevice to cause a change in :
transm ssion, and this is possible. Qur invention, therefore, also includes
a 20 variabl e transmi ssion device in which there is provided an area of
material containing a side chain polyneric liquid crystal disposed between
two t r anspar entPheiqaraphic o3y phegoni RAghRANAY t Bhoteonting devicesar dasa

t he pol yner- aboveger'r%, 'fmsans to address at, | east -a part of the area
cont ai ni ng t he 5t0T288 £95 GREPUESR: (AT eM1490 { BULPPSSReni RRANG Y oAb Rer

16 cool L0 anbi WHLEEPALE S GHERERtE of aREmReTREe LohRtare natRan

applied field. ' N ' . t v
previously pr op%%%ﬁe\algrefiab ué: dt%rl\gns &?énkaﬁ&%%i ﬁ%a ﬁte %g \?\ﬁq‘tn%ga\?vhfpégE
mai ntained g n t{igst4ARAHLLUS'cRENGBSIn appearance, commonly found in

monomeric liquid crystals, is not essential.

\_ » | A specific example of a variable dptical density
B 'devicé is an optical switch or vériable transmission systenm,

where the device can undergo a transitidn from a clear to a

10 © darkened state. The use in this form is notllimited to a
simple_on/off optical device, bﬁt also includes use as a

~variable transmission windqw; This is a feasible
application beéause of the ability_of-ﬁhe device to store an

alignment at ambient temperature, without cooling to below

15 Té. It is also preferable for such applications to be able

to use relatively low voltages for heating and addressing
the device to cause a change in transmission, and this is

possible.

Our invention, therefore, also includes a

20 variable transmission device in which there is provided an
area of material containing a sidéHChain polymeric liquid
crystal dispésed between two éransparent surfaces, provided

with means to raise the temperature of the polymer above T,

means to address at least a part of the area containing the



transmtting state w thout any continuous external heating or applied

vol tage. - 31 - CLAIMS 1. A liquid crystal i nformati on storage
device conprising a |layer of material containing a side chain polyneric
liquid crystal, of a type having a glass transition tenperature T | ess

th nbi ent tenperature Ta 5 normal |y experienced atnDspherlcaII¥, and
af her tenperature Tr above which the material becones fluid, which is
greater than [err] neans for effectigg - a thermal transition of at | east
a part of the material froma viscous state in which its tenperature is in
the range T to T 10 the fluid region above [err] and neans for

addr essi ng gpolymelr atpaconyertheitnttayi al tinansmitting rfgoon solassko
achieve a selective variation in texture and orientation of nol ecul es

within the nd¥ansniteing SFate ofhen fbovealicoo that hen d:rhmmiwmesr is

retained, wt t contin n to a sai d addressi ng neans,
al | O:M ng t\#eaﬂgu |t ‘{’og|88 g%#’)iteﬁ’é: f?ﬁingl"r"'@d‘l“(ﬁ? a’hla ST TS otpﬁ‘e

RN OR AN e P
3. A device according to Caim1l or Claim2, wherein

5 A window of.this type hgs the advantage over

previously proposed variabie transmission windows in that

the window is méintained in the transmitting or less-

transmitting-state without aqf con*inuoué external heating

or applied voltage.



£

said polyneric liquid crystal is of the poly5|ldiaﬁg_?§ﬁe havi ng @ZE;

cyano- bi phenyl side chains.~ 4. ' " A device a ﬂ“j

wherein said N S- 32 - polynmeric liquid ¢ um“”mn“u Ilnmzm C
ester side chains. 5. A device accordlng to © & m"4, %i n*which said
pol ymerjic;liquid crystal has a structure given by the fornula [err] 5 6 /
A devi ce according to any ‘preceding claim in which said addressi ng neans

includes neans for applying an electric fiel,d to the material thus to
effect field-induced alignment in the forn1é a sine wave at a frequency of

2 to 4 kHz. 10. 7. : A device according to any one of Clains 1 to
5; in which said addressi ng neans i ncl udes mggagmsor applying a nagnetic
field to the material. 8. - A device according to any one of Clainms 1

to 5, wherein said addressing neans i ncl udes neans for applying an 15

optlcal fleld to the material.
. A liquid crystal information storage device

cbmprising a layer of material containing a side chain
polymeric liquid.crystal, of é type having a glass
transition température Tg less than ambient temperature T,

5 ﬁormally experienced atmospherically, and a further
: temperaturé T, above which the material becomes fluid, which

- ‘18 greater than Ta,-méans for effecting a thermal
transition of at least a part of the material from a v.i‘scous
state in which its temperaﬁﬁre is in the range Tg to T, to

10  the fluid reg;on above T,, and means for addressing at least
a part of the material in the.flqid_region_so as to achieve

a selective variation in Eextqre and of&entation of
molecules within the.material and so record informétion,
whidh.iﬂformation ié retained, without continuing to apply

15 . said addressing means, on allowing the material to cool out

s : - of the fluid"region and return to the viscous state.

2. A device according to Claim 1, in which said layer
of material contains a smectogenic side chain polymeric

'liquid crystal.
20 3. A device according to Claim 1 or Claim 2, wherein
said polymeric liquid crystal is of the polysiloxane type

having cyanc~biphenyl side chains.

4. : A device according to Claim 3, wherein said



- 33.- 9. -~ A device—aecording to any precedlng cIa|n1 I n which said
| ayer of material is contained as a thin fil m between two- super i nposed

whatrn MM S ci Poe i1 e Sre GSpociced on the i mper.

e of said dupforfing plates. 11. A devi ce according to CL@lm
10 erein said conductive filns are etched to provide a desired display
pattern. 10 12. A device accerdhg to any one of Clains 1 to 6,
wherein said | ayer of material is provided as a surface coating on a
backi ng sheet. 13. A device according to any preceding claim
wherein said polyneric |liquid crystal has a tenperature Tr I n_excess

of 70[err] and RPkImari %d-’{qéhﬁﬂelc&ﬁ’ﬁfzéll foakatag henzeir GStﬁF side chaips.
devi ce according to any preceding claim wherein said polyneric |iquid
crystal has a nol ecul ar weight in excess of 3000 20 15. A devi ce

according to any precedi ng Cld?é\fﬁ ggggga 33 15{@\%{5% 9; "13{ '],?hf‘cﬁygala

- 34 - 16. A devi ce accor erern
“polymeric liquid crystal has a structure given Dby the

formula

Me,SiO

25 e’

0 (cHy) 0O-O-cN ]

[ e ——Si-O— (CH2]4O-©CO-O©'C3H7 ] i
| : ~ CH, z

SiMe3

3 6. A device according to any preceding claim, in

which said addressing means-includes means for applying an

° electric field to the material thus to effect field-induced
alignmenﬁ in the form of a sine wave at a frequency of 2 o

4 kHz.

10 7. A device according to any one of Claims 1 to 5, in
which said addressing means includes means for applying a

magnetic field to the material.

8. A device according to any one of Claims 1 to 5,
wherein said addressing means includes means for applying an

15 optical field to the material.



mat eri al contains a dlchr0|c or pleochr0|c dye. 17. A device

accordlng to Caim135, in whichh said material cont
non] i near dye.. 5 18. ‘A devi ce accordi ngﬂ"ﬂm’uﬂm Em clai m.
including a, aser to serve as said neans for effecti*ngesal

transi{ion and said addre55|ng means, and acting sinultaneously to heat and
optlcally address at |east part of sald material to record said

i nformation. 10 19. A nmethod of pr@Bieing a liquid crystal

i nformati on storage device, conprising the steps of providing a | ayer of
material containing a side chain polynmeric liquid crystal, of a type having
a glass transition tenperature Tg l ess than anbient tenperature Ta normally
experienced atnospherically, ..and a further tenperature Tr. above which

the material becon®s fluid, ﬁhﬂﬁ?%%ﬁg?€§9€ﬂlﬁﬁb$ﬂeﬁ¥¥ Breceding £i1Rnatn

ram a Vi scpus.state

f | h
ransition of at.!gayt af“’a?igfqg’eaqeéf reFruskshiat 33 ROUSErHS Hf of %’bwe*l?m
[érr] addressing af, L fésh Sudd ﬁgle%le%otrans tht 2hupBod d¥nd Igiiat 5291 ON

so as to achieve a se ective va |at| n textu e and orientation of
mal ecul es within-the material and so record information, and allow ng the
material to cool out of the fluid region and return to the - 35 -

vi scous state wheregpon, W Bh@dvieenacevragnyoteddlebn 9 1ewherein transparent
5 conductive f£ilms are deposited on the inner surface of said

.- ' supporting plates.

11. A device acdcording to Claim 10, wherein said
conductive £ilms are etched to provide a desired display

_patterﬁ.

10 12. "A device according to any one of Claims 1 to 6, .
wherein said layer of material is provided as a surface

coating on a backing sheet.

13. A device according to any preceding claim,
wherein said polymeric liquid crystal has a temperature T,
15 .in excess of 70°C and a clearing temperature in excess of

100°C.

"14. . A device according to any preceding claim,’
wherein said polymeric liquid crystal has a molecular weight

in excess of 3000.

20 15. A device according to any preceding claim, wherein

said material contains a dye.



material, said-infermation is retalned 20 .~ A nmethod according to
C aim 19, mhereln s dressing is effected by freld-induced al i gnment  of
the 5 “\‘W‘ [ evat ed tenperature bel ow the inherent clearing
-terrperat “‘ﬁ ric liquid crystal, said material heing.cooled to
d viscous sthte prior to renoving said f|eId 21. A variabl gJl i ght
nsm ssi on device i n-which 10 there is provided an area of nateri al
containing a side chain polynmeric liquid.,grystal of a type having a gl ass
transition tenperature T |ess than anblggt tenperature Ta normal |y
experienced atnospherically, and a further tenperature Tr above which the
mat eri al beconmes fluid, which 15 Is greater than [err] said crysta
bei ng di sposed between two transparent surfaces, neans to raise the
tenperature of at least a part of said naterial above [err] neans to
address at | easté.a part oA devixresacoardimigndga helpdiy e, t sheveder tsaidto
a transmtting froma less-transmtting state when 20 above Tr which
state is retai matexiadl icomtagnsha ficereis on RlrAchreis @¥eperature in the
range [err] to [err] without continuing to apply said addressing nmeans. 22.
A liquid crystal information storage device, produced substantially as .
her ei nbef ore dqﬁﬁribed.

<

A device according to Claim 15, in which said

material contains a fluorescent or nonlinear dye.

5 18. A device according to any preceding claim, \/
including a laser to serve as said means for effecting said
thermal transition and said addressing means, and acting
simultaneously to heat and optically address at least part

of said material to record said information.

10 19. A method of producing a liquid crystal information
storage device, comprising the sﬁeps of providing a layer of
material containing a side chain polymeric liquid crystal,
of a.type having a glass transition temperature-'rg less than
ambient temperature T, normally experienced atmospherically;

15 and a further temperature T, above which the material
becomes fluid, which is greater than T,, effecting a thermal
transition of at least a part of the material from a viscous

state in which its temperature is in the range T, to Ty, to

g
the fluid region above T,, addressing at least a part of the
20 material in the fluid region so as to achieve a selective
variation in texture and orientation of molecules within the

material and so record information, and allowing the

material to cool out of the fluid region and return to the
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viscous state ﬁhereupon, without continuing to address the

material, said information is retained.

20. A method according to Claim 19, wherein said
addressing is effected.by field-induced alignment of the
material at an elevated temperature below the inherént
clearing'temperature of said polymeric liquid crystal, said.
ﬁaterial being cooled to said_viscous'staté prior to
removing said field.

¢

21. A variable light transmission device in which

there is provided an area of material containing a side

chain poiymeric liquiad crystal.of a type having a glass
transition temberature.ig less.than amﬂient temperature T,
normally experienced afmospherically, and a further
temperature Tr.above which the material becomes f£luid, which
is greater than T,, said crystal being disposed between two
transpareﬁt surfaces, means to raise the temperature of at
least a part of said material above T,, means to address at
least a part of the area containing the polymer to convert
it to a transmitting from a less-transmitting state when
;béve T, which state is retained on allowing the material to
cool to a temperature in the range Tg to T, without

continuing to apply said addressing means.

22. A'liquid crystal information storage device,

. produced substantially as hereinbefore described.




