2123163 LI QUI D CRYSTAL DEVI CES This invention relates to liquid crystal

devi ces.- Such devices typically conprise a thin layer of a liquid crysta
mat eri al contai ned between gl ass slides. Electrode structures on'the slides
allow an electric field to be applied across the layer 5 causing a "‘\
re-ordering of the liquid crystal nolecules to an ON-state. On renovi b
eléetric field the nolecules relax back to their OFF state. There are e
known types of liquid crystal material, nematic, 10 chol esteric, and
snmectic each having a different nol ecul ar ordering. The present%ﬂﬂ%ﬁﬂlﬁﬁ?
utilises a long-pitch cholesteric mxture in which the nol ecul e ' y
adopt a helical structure with 15 the helix axes normal to the plane of
t he -l ayer. The |l ong-pitch cholesteric mxture is forned by m xi ng
typically a few percent of a cholesteric liquid crystal material- with a
nematic liquid crystal. The pitch of the cholesteric m xture can be
controlled by adjusting the concentration of the cholesteric 20 liquid
crystal material. 25 One known device is the twi sted nematic device

whi ch uses a thin layer of a nematic material between glass sliies. The
slides are unidirectionally rubbed and assenbled with the rubbing

di rections orthogonal . The rubbi ng gives la=surface alignment 0

LIQUID CRYSTAL DEVICES

e
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\v; T This invention relates fb liquid crystal devices. Such devices
typically comprise a thin layer of a liquid erystal material
contained between glass slides., [Electrode structures on the
slides allow an electric field fo be applied across the layer

5 causing a re-ordering of the liquid crjstal molecules to an
ON-state. On removing the electric field the molecules relax
back to their OFF state.

There are three known types of liquid crystal material, nematic,
10_ cholesteric, and smectic each having a different molecular
ordering.

The present invention utilises a long~pitch cholesteric mixture
W, ‘ in which the'molecules naturally adopt a helical structure with
15 the helix axes normal to the plane of the layer. The long-pitch
cholesteric mixture is formed by mixing typically a few percent
of a cholesteric liquid crystal material with a nematic liquid
crystal. The pitch of the cholesteric mixture can be |
controlled by adjusting the concentration of the cholesteric
20 1liquid crystal material.

25



5 to the liquid crystal nolecules resulting in a progressive 90 twi st

. across the |ayer. When pl aced between pol arisers, with their optical axis

perpendi Iar or parallel to a rubbing direction the device rotates the .
pl ane of\pgl arised light in its OFF state and transmits wthout rotation in

the ON §tafe. 10 Smal | armounts of chol®steric have been added to the -

nematic material to ensure th err] twist is of the sane sense across the_s

whol e area di2e KReedrBsets é’gblt&’llﬁ % PrRRFiR desdrefidchgees 2 AR 547 ong
1, 478, 592. I1fayeA é¢fnewmenppic ahterdul cltonn @fasg sthixst - pithehsxiftes est eri c

mat erial is euR deml r I i ed vol t age,
state the n%z{gerllﬁl csﬁlsac eril neﬁtaéndl ag%fmlb&éd?: gl gt%bfbg c pitch is very
smal | in condfxertionst erthreonadyer thhé% slvesvmemra“acat@éumemes hol d

vol tage 20 td theRRLLLd c?fémsmctl'%@uié&/%sdlttiné@hegLﬂregréé%%@é gofrom t lhei rt |
, 'S |s simlar to

hel i cal structuretoll raIIeIgh Q %1B

the ON stat e™3f¥4 “§8§?t e H&hnt i dpeed PEMNeeR, %8Rt oy renoving
“the vol tage tmerm;itécalalanelpaxwdbmkrtar ipasalledhto acatlitkdngng OFF state.
No cel I %’?L% UEE@%@vP&e g&ﬂﬁc@L in Qf‘a%ssé%r;\slﬂfs'édtﬂ fitLygpe of device.

An advant age device i turn t1me corpared with the

twi st ed nerra’c"isc‘)%\?tﬂ-? aRd Wﬂ%‘%ﬁg‘r’éhe\“ vrésrion imige Rt staffe of cel |l
utilisesioa Guahedmuhts lantafoua&téMesavalwéa &diedl 6o (the Aeayeic t hi ckness.

Wth honmpgenequs. Qoundary c ate is induced with a 2
rotation of TH& i g%teélfx'ﬁecgg §s th ygi B B alne Sendls'CFdss
the whole area of the device as expla:.ned in U.K. Patents .
Nos. 1,472,247 sud 1,478,592. - | W/

1% A known type of device employ:mg short-p:.tch cholesteric '
matena.l is the phase change dev:xce. In its OFF. zero
appl:.ed voltage, state the material is scattering to
light. The cholesteric pitch is very small in comparison
to the layer thickness. When an above t}_x:resho_ld volta_ge
20 is applied across the la.yer its molecules rotate from the:i.r
helical structure to lie parallel to the apphed f:.eld |
This is similar to the ON state of a positive nematic and
is light transparent. On removing the voltage the material
relaxes back to its light scattering OFF state. No cell
25 wall surface al:.gnment is necessa.ry with this type of dev:.ce. -
~An a.d.mntage of this device is the fast turn OFF time ~
compared with the twisted nematic device and wide angle
of' view. |
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I ncl usi.on of a pleochroic dye produces absorption of light in the OFF 5
state. Application of a voltage re-orientates the liquid crystal and dye

nol ecul es giving higher transmission in the ON state. As the vol ta .
i ncreased to just above theshold a scatterjng texture is forned, vvhi_~"-
clears after a further, substantial, incr"elés’e of voltage to give the\Q¥

St a+6. As t heinvthdragepd of rediicertll fear @ dhwlesteapt thateriadt wioysel pith@ equals

t SM SSi t,.the t | vol ] levice i h i h
ransm ssion atyl P-egrﬁlﬁg edsls‘é’Oﬁﬁggg}?{ao%m%ug%‘éhﬁfar&OfJﬁ%%g{oﬁlgf‘ié‘%g%R SHAYS

signi ficant hystt er ey rrespective

i ncrease of volisagrduced Wiith H@stratesion pf ihesdithetorukerqsisesdebileyary of this
devi ce. Thi s deviGeni gr degrebbRAci %\,e phoducks abbedbtio®RrEL £GLT ON the\orees,

I
Vol . ED 28 . 6, June 1981, pp 719-823. 15 |t has now been found that
coriain choPostRfe | FERMGE HioPorlie Lelthbe (TReBrisraiesn e LT EooHRGIE: dhd 4
havi ng about ardleduileswgiving tiglhid teamshasqionr bnshe KA steteol t Agethe voltage is

characteristic oL Japi gl ﬁgw%&f’els ch%h\éﬁ taaggéutem h?g.{tu?ﬁ%se&@?nie . whifn
sl ow i ncrease in VOal tage st proauce soﬁb ysteresl sS. écordi ng
to this inventicdpazs RFeRA 8 Huryheny syhsfprtiadenjncirsese af|vepbegeolto|givg Hiet ¢h

cholesteric |i g4hteb.Crysd ke MRLCLIeALs HeaROS thtR 94 & B&3id ceRILESH HAPY
cont ai ned tween two cel va%lﬁl ?b bear.ing el ectrode structures 25 and
[ 1

bei ng surfale tFEXEIIF 4 TEAPUICTONBER - nof RE GFERCS ARSI &yvars
honbgeneous st rsbctisegifdeact aysieedsisnvhivht is heresentf acresabegiveest thedrate of

natural pitch e eri ' .RL.C | LOVI
progr essi ve rmﬁ'g% atgrg '?i\?mk}gi’&%%'grggg%trﬁ%aﬁs e?rlqﬂzf’ngﬁ?éégt%g#lﬁg%?ﬂ of
radians acr oss thke desjee- wi Thisadaydre dentescridefi Aeck-EofZ-t Feansat ¢to Ed¢clirayer

30  thickness pdvflieki, dad .bap RBUEN B, [MhaGgBe] WRemdlgbsand 1.0 with a val ue
of d less E?an 20 [err] and further characterised by neans for selectively

‘absorbing transmtted |ight dependi ng upon the nol ecul ar orientation of the
I'iquid crystal Inetssr na belerfobyd tthet deviain niglebéerini lijued dhiyseal kylls

incorporating a pleochroic dye and having about a 3 /2 twist exhibit a
sharp transnission-voltage characteristic for rapidly increasing
voltages, without hysteresis. A slow increase in voltage maj still

20 produce some hysteresis.

According to this invention a liquid cfystal device comprises a layer of
long pitch cholesteric liguid crystal material of positive dielectric
anisotropy contained btetween two cell walls bearing electrode structures
_ 25 and being surface treated to align liquid crystal molecules in a tilted
s honogeneous structufe characterised in that the surface alignment and
natural pitch p of the chqleéteric material are mstched to provide a
progressive molecular twist of greater than " and less than 2% radians
across the layer with a uniform tilt direction, the ratic of layer
30  thickness d divided by pitch p lying between 0.5 and 1.0 with a value of
d less than 20 pm and further characterised by means for selectively
absorbing transmitted light depending upon the molecular orientation of
the liquid crystal material whereby the device may be switched directly
between a light transmissive state and a non transmissive state with a
35 sharp transmission/voltage characteristics without substantial

hysteresis.

The means for selectively absorbing transmitted light may be either an
amount of pleochroic dye incorporated in the liquid crystal material or

40 two polarisers either side the cell.



between a light transm ssive state and a non transmi ssive state with a 35
“sharp transm ssion/voltage characteristics w thout substantial hysteresis.
The neans_for selectively absorbing transmtted I'ight may be ‘either, an
anount @I eochroic dye incorporated in the liquid crystal material or 40
two pol ers either side the cell. The -amount of twist is preferrably-
around [err] The surface, ali atnment.results a ol ecul ar tllth
of between 0 Theh&RoHEt.ef f¥ist |} tp'leggﬁratbﬁﬁrf‘ré’ﬁn?m%‘tm & Surfagfnent). A
tilt of less alhg-nmaayt:{-atn]mte rgsulZsnivy abroXeenbax thbtv ofi bétmeni eamken say 5

5. and [err]sgey ggytghﬁés' gfmn %ngtaméwoggcdﬂigﬂ‘ege RY%1RE ggsed

singly or in co fNatton I a Lransni ssive jrode or
wWith a refl eckess thengsenBl cevs. v% H‘éﬁebebéﬁ??% 19¥ diltispARatvaen sezl5 - or

col oured 50! adriaseo's teﬂhaTmm Bt deBots owTR e viRDGRY bd used i es.

Thi s arrangerrent % uge d gLent col our dyes in each device so that a
total of three ® r 3t s o%%erved Al ternatively the dyes may be
simlar so that a single coI our of ‘'enhanced contrast between OFF and ON

states is 15 meObdwiicBCshy oP.ﬁuwe{ HOERn8RA 168 | rlodd B laamaa r&lek€0L00 o

absorption so that .eight values, of absor ti.on or grey scal e are obtal ned
“Usual ly the pﬁ'elf&ﬁcwea‘“%iﬁo? B oF i Rou . pee g ‘?’h(?Pé%Ps"éé PAleRiseTer easi ng

t enper at uice. The device may be enhanced by either 20 (i) . choosing

aliquid cry uLg f I smal l_or_.zero
t enperature penlgg‘trolgée 0%’1 90{ mﬁ}?}g nmali % al n t%ee’%%t [ V\rrlllgir‘n:tjsd/a'r: *?ellpe%? maﬁ
tenperature mgqg@iffgrent colour dyes in each device so that a total of three

colours may be observed. Alternatlvely the dyes may be similar so o/
) that a single'cdlou:'of enhanced contrast bvetween OFF and ON states is
15 obtained. Furthermore each cell may have a different sbsorption so -

that eight values of absorption or grey scale are obtained,

Usually the pitch of a cholesteric liquid crystal increases with
~_increasing temperature. The device may be enhanced by either
20 (i) choosing a liquid crystal material, or mixture of materials,
' _with small or zero temperature dependence of pitch to
 maintain the optimum d/b over s wide temperature renge; or
(i1) choosing a liquid crystal whose pitch decreases with
increasing temperature to partially or wholly compensate
25 . for variations in threshold voltage with temperature. -

Additionally. or instead, the liquid crystal temperature may be sensed
and the addressing voltage levels altered accordingly. One method of
sensing is described in U.K. Patent No. 2,012,093 B,

30 _



(ii) choosing a liquid crystal whose pitch decreases with increasing
tenperature to r)art lally or wholly conpensate 25 for variations
in thréshold voltage with tenperature. Additionally, or instead, Afe |iquid
crystal tenperature may be sensed and the addressing voltage Ie\%al tered
accordi ngly. One nmethod of sensing is described in U K Patent

2,012,093 B. 30 The invention will now besdescri bed by way of exanple
only with reference to the acconpanyi ng draw ngs of .which:- Figure 1 is a
plan view of a mBé rinvemuibtiyildxnowdbe desexiibed iy day rof sexsnpdie oplaywits

Figure 2 is a Cgeﬁéﬁﬁsé?tubo PhebabiflgYailihedse Nirluha 1 used in a

transm ssive no |gure Is simlar to Figure 2 b perates in a
reflective node; Fi §igwre 4 issaplenstinyed |acm%'fréﬁ/sm€fhb’eﬁ‘a1"?dé1esa?q gned cel |
10 wal I's” f onigugdl arﬂtag diseiamnt ching of ali gnrrent Figure 6 is

a diagrammatic view_show mat ch fac aI| nfrﬁn n steric
tw st directfons; IFSW(? ggil rdfagsnecg#n °§g g?] susclil‘ons oF"uSoﬁtage
characteristic for [errjused igl ® yrehswisgive dydze.dl splay 15 with

low tilt surface al ipgpans id biitifebd $18028 5 Hue! odrhll @ala Ut for a high
tilt cell; Figure 91S a showi ng cell swi tching voltages against d/p

ratio for a lowtilt celrlegkﬂfrt?&%é‘%h gnnent; Figure 10 is a graph show ng
cell switching volt g@sea0n) BSire schematic views of parallel aligned cell

10 walls for explaining the matching of a;ignmenf§
Figure 6 is a diagrammatic view showing ﬁatching surface
W - ' alignment and cholesteric twist directions;
Figure 7 is a graph shdwing transmissions of voltage
characteristic for: 3 w/2 single polariser dye display .
15 , with low tilt surface alignment;
Figure 8 is similar to Figure 7 but for a high tilt cell;
Figure 9 is a graph Showing cell Switching voltages against
d/p ratio for a low tilt cell surface alignment;
Figure 10 is a gfaph'showing cell switching voltages against
20 a/p ratio for a high tilt cell mrface alignment.

The display of Figures 1, 2'cohprises a liquid crystal cell 1 formed
by a 1ayer 2 of cﬁolesteric'liquid crystal material contained between
o glasé walls 3, 4. A'spacer ring 5 maintains the walls typically 6}pm
N~ 25 apart. Addztionally numerous short lengths of 6,pm diameter glass
fibre may be dispersed in the liquid crystal material to maintain an
accurate wall spacing. Strip like row electrodes 6 to 6 ' €8 of
Snca, are formed on one wall 3 and similar column electrodes 7 to 7
formed on the other wall 4. With m-row electrodes and n-column
30 electrodes this forms an m x n matrix of addressable elements._ Each
element is formed by the interaction of a row and column electrode.

A row driver supplies ﬁoltage to each row electrode 6. Similarly a
column drive 9 supplies voltages to each column electrode 7. Control

35 of applied voltages is form a control logic 1C which receives power
from a voltage source 11 and timing from a clock 12.



20 ° d/p ratio for a high tilt cell surface alignnment. The
.d| s’play of Figures 1, 2 conprises a liquid crystal cell 1 fornmed by a | ayer
eric liquid crystal material containéd between glass walls 3,

4. A c@r ring 5 nmaintains the walls typically 6 [err] 25 apart.

Addi ti ol numer ous short lengths of 6_[grr] dianeter.glass fibre may be
~dispersetin the liquid crystal nateri al to mai ntain an accurate wal | s
spacing.  Stfd p.i&dilaecwaﬁl ﬁetpwiesh@ ont &dfim %tgte@farm%u%r elmrreﬁd on

one wal |- ﬁ:SI m lar ectrodes {ﬁe# 7 formed on the other
wal | 4. % 1o 0eet Jefr???fgg af8 FRoR 53’5’ ine‘l"’é"&??%d@?'t his forms an
mXx n matrlx of addressabl e el enents. Each el enment is fornmed by the

i nteract i Ql t
“cnch row of ecela il B SRR SACELGRGed b0 Hultini S AR SR SR AES 1O
each col un e serealded Blow mtm a3fpst stampp|a. Gdsv@Ptlageslﬂl §hP0$JrWascan :

control | ogi Gnck@ MhCQlémiGﬁﬁiﬂﬁeﬁ dAWNeE lfsr gaaﬁsyé& WAGE aS P8 taBe ]f:laafiiﬂzdn%nbr ng
n | Stat es

froma cl ock - 6- udcr p| ays the
Lo Rsr bl o st toriien ek Saghddh Bt o APLTES <etsarel 20% coh Jupe o
wat ches, et c.theThetrdxoamsl then thewkalé maaris aem-qaeaaséea arutéfrekiked

dd d
ﬁodreeSSI lng t L%%E%ev%]'gcan eac*ggﬁ'éhgx\% Sef,;@ﬂ ﬁ@ﬂ?& E-Q,?‘Ii dr egéecg" W t h

vol tage f18r aﬁd@rﬁ%segquecremcometterwftrﬁah cepieererath @l\lhlsherhvelﬁase rleyeht ed
for each Ii nefonatth.Qenﬁsl’s' ¥nad€hd h-eapcme m.el ¢ FRE i uid Jz@s@éidﬁﬁﬁesegl or

refreshed repe Inthefas h el enent uired.to be _
ONis 10 adlfe ‘Ee{égo ?e %#;roeég (?gﬁlre”\ﬁﬂ?‘? | Jrﬁ% RefeLraes- "ag6/
| evel for a tﬂheeelmssaedsaare hetrsasplzmsehelm of lewel Iowqmmlngrqv&leé ismt eri al
sufficiently high to maintain the required elements ON, Elsewhere the
15 r.m.s. level is 1nenff1cient to_eause elements to be in the ON state.

As an example of fast scan addressing an A.C. row vo&tage Vﬁ is anplzed

%o each row in turn ‘As each row is addressed column voltages + Vb are
: applied to approPrlate culumn electrodes, the + signs refer to the phase
20 of the A.C. sighal e.g. at 1KHz. Thie is repeate& for each row until
the whole cell is eddressed. The process is.repeated for the whole cell
at a frame rate typically of 50Hz for a 10 line matrix whilst information
_is to be displayed Eaeh element required'to be ON receives Vh + Vb
for one txme interval per complete addre331ng cycle, i.e. frame time,

25 and # Vb for other t:me 1ntervals._ The r.m.s. value of Vh + Vb and ;_,
n- 1(_ Vs ) is arranged to equal a desired 'V, level. Elements not

requ;red to be ON receive V cr °F Vh - V for all time periods. The
r.m.3, value of Vs Vh - Vb is V.. The dispiay is formed collectively
by ON elements receiving V2 volts on a background of OFF elements

30 rece1v1ng V volts.

Aiternafively the dieplay'ma& be collecti#ely fofmed.by CFF elerents on
a background of ON elements.

35



and during:- the remai nder of the refresh cycle receives a |ower voltage.
These-vol t'ages are set so that the r.ms. level over many cycles is
sufficientLy high to maintain the required el enents ON. Elsemhere t he 15

.ms. level is insufficient to cause elenents to be in the sa;te As an
exarrple of fast scan addressing an A . C. row voltage [err] is ap dto
each row in turn. As each I’OWIS addr essed? col uim vol t ages [ V are

applied to appropriate colu elec the + signs:refer to the phase 20
o the A C ol gRAmatipIsRadiress & iy %ylhé"’r‘@péa’tse‘%ef’a'}m%é’é%ﬁfr’c)%eﬁn % the
whol e cell is adl}'foe's'smnsms'ﬁhen momtmscha-acematsd oot bbhmmhehaa-pceé:lncattm:

frame rate typi Ggél(%e@ntgoi#tﬁgrdi fag Lax;abesfgéﬁrhémwg&'é%i ﬁerffﬁ%%h'

be di spl ayed. enent UI recel ves err err] or
one time intervallypetishdhp|lover Y veltase, Vi . The BYRDeR ?1% ipes, npng
I[Qer r] - for ? Fe(ozt 16%el Iaremaiﬂexmg‘l)hemt méﬁ beVa%dingéj Van "‘beVreﬁ.Ft%d Go

n - e arrang qual_a ire rr ve ment s
not required toE}bJ E'f\f'receq vgﬂ er2r %SF“[ ere?:;f SFQEL’ P 33 nghpgptmd' of! The
r.ms. value ofaAltnapi Pllescf{@rﬁqdresm siéiepeayl.EsE fEor freatsec o3 doi \i‘ﬁél%1 by ON
el enents recei vigg E,€r1r4]g_wgl yts on a background of OFF elenents 30 receiving
[err] volts. Altern |ver t he di splay may be collectively fornmed by OFF
el ements on a backgy v ofJG»Lelenents 35 To nmultiplex address a .
di splay havitng a la ggf urdbers—ef |ines the ONV OFF transm ssion voltage
characteristic nust ery/Ehaﬂp, since the OFF elenents in the display

have to be held at a volta e Lerr] which is only sllghtly | ower than the ON
vol tage [err]. Decrhes:mm’b@-r 10 nqrepages the value of n.

Present displays using the twisted rematic or Schadt Helfrich effect
15 without dyes can be multiplexed about 32 ways (n = 32). Eowever

dyed displays have previously been limited to around n = 3. As

explained below displays of the present invention provide sharp CK/OFF

transmission characteristics and hence high values of n.

20 The display of Figuré 1 has been arranged as an orthogonal m x n
matrix but may be arranged in cther layouts. = For examplg'an eight bar
digit can be displayed by a three row by three column matrix and
multiplex addressed. The digits can be extended to a row of digit

by adding column electrodes in groups of three.

For a transmissive display Figure 2 a polariser 13 may be arranced

behind, or in fromt of the cell 1. The polarisation axis P of the

polariser is parallel with the surface alignment direction R (see

_below) on the adjacent'cell walls, An observer 14 views the disélay'
30 illuminated by e.g. a tungsten bulb 15. | |



5 ~(or level of multiplexing) that can be addressed can be related to the

ratio [err] voltages. For exanple for-the optimsed Alt and
~ Pl eschko essing schene (I.E. E.E. Trans. ED Vol. ED 21 1974 pp 146-155),
[err] 10 reasing V -V increases the value of n. Present displays using

the tw sted nematic or Schadt Helfrich effgct 15 w thout dyes can be :
mul ti pl exed about 32 ways (n =32). However dyed displays have previousl y,,‘c

been |imited PPmﬁ'(eoﬁ@ﬁoﬁsa 31 splafnaint Al Q@ﬁelaebpwsdﬁaﬁhayﬁeotemhe o esent .
i nvention provide shar ‘transm SSI grl stics - anclhhence hi gh

VAl oS of b CBetariie 19, ShRER B JaPE DPIoK SOBOH £ SRbEd ALtk iee __
ort hogonal m ponrltaiﬁon datils PreparbBledr tanheda lignednteditentoon R of ther exanpl e

an ei ght bar g&% Pe di spl ayed by a three row by three colum matri x
and nmultiplex & res The digits can be extended to a row of digit by
addi ng colum el ectrodes in groups of three. 25 For a transm ssive display

Figure 2 a pomrsessrinlﬁim)é be mwr&aeﬁbm& nge sypawefdrontxnoirédwc&ell 1.
The polarlsatléon axis, P of g ariser is papall th the_surfac
N

al i gnment di r E28% 8F° RA( B EIFED) acetR eé‘@'f‘l\ﬂev\éﬁ‘? FeTLecART Wser ver
14 views the daypeay 13fer ofl dluminiircdpinyed. gr emapamgyed entdulhe Adar cellFi gure
3 shows a dis y,having a reflector 16 behind the cell. A pol ariser 13
is nmounted in Tronf of or behind the cell 1 with its polarisation axis P
parallel t& the alignment direction R of the

The cholesteric material used naturally forms & helical ordering in
the layer 2 with the helical axis normal to the walls 3, 4. th

Liquid crystal molecules can be alizned at the cell wall surface by
15 various alignment techniques. For example coéting the surface with
.~ polyvinyl alcohol and unidirectional rubbing with a soft tissue.
_This results_in a molecular alignment along the rubbing'direction
and with a tilt of the mqleguleé of about 2° to the surface.
Alternatively, as described in U.X. Patents Kos, 1,472,247,
20 1,478,592, 1,545,084, and 2,007,865 A Mng
the walls. Depernding on the angle of evaporation, single or

may be évaporated onto

sequentially, the molecules are aligned and the angle of tilt may
vary between zero and 30° or more.

25 The cell is constructed to have a 37 /2 molecular twist across the o
layer. 'Thus the two alignment directions on the assembled cell '
‘must be othogonal. The dholesteric pitch p is chosen so that for a
layer thzckness d the molecules twist across the layer by 3v/2
i.e. d/p is 0. 75. Such a value of d/p matches the natural cholesteric

30 twist to the’ surface'alignment twist, It has been founé that values
of d/p may lie between C.5 to 1.0, |



adjacent wall. 5 As seen in Figure 2, 3 the conponents are separat ed. I n
practice. t'hey are in contact with one another. For exanple the reflector
16 may be a.layer of alumniumsprayed or evaporated onto the rear
wall 4. 10 The cholesteric material used naturally forns a helica
in the layer 2 with the . helical axis normal ¢ the walls 3, 4. Li
crys»t al nol ecul es can be aligned at the celI” wal | surface by 15 I ous

al i gnment teChlth abob e suPfacd abig@eht NG itdifg HesGbtaNih la parfaceny!

al cohol and un tlon b withea soft .tissue . This re s in a
ol ecul ar al i g 51’0 glbt%ue gulg:glzng d'il‘?eec |ac3tr%v5n5”n‘faf'?1 It of w?he

mol ecul es of abubbidgedirjectionshoushibé aedche] torthat natairgl eéleR-‘}sEW bed in
U K Patents N%ta'groﬁ7&i%ﬂ7may29e hefd %ﬁ??ghtlh{)f@d084mh@rlﬂe3 Q87ufE5 A MF2

may be evaporated onto_ the di ng. on the angl e of evaporation,
singl e or séqu@tehimgyis ﬂ@%?%d’&?”és’%?’é“&ﬁﬁ’ngag‘ﬁ'ﬁd thecangl e of tilt may
vary bet ween. zero and 300 or nore. 25 The cell is construct ed-to have a 3
[err]/2 nol ecul e

directions on t e ?8%9 % é%%bér%tuﬁ%-&%%gﬁﬂ%iw % es’?erl c pitch

p is chosen soaﬁmblﬁéwléhlﬁwerﬂhbﬁm%ess% m Abtesdionss tvﬁ°§tﬂ§@r oss the
layer by 3 [errhi? ﬂheenqdfi@ dr?s{;hl?ﬁateri&qis & \&hyﬁ&hﬁ&@amtﬁhﬁs t he

nat ur al lesteric 30 to the surface nment tw has
een funath arob AR 8 Rk o | et iiged aHiRre, " s 11qie
crystal molecules 22 are splayed, they are inclined towards the

\/ centre of the layer. When a voltage is applied the molecules .

: rotate to align normal tc the walls.  Some molecules rotate
clockwise others anti-clockwise to the ON state. This is the

15 problem of reverse t:.p referred to in the prior art. It gives ;

rise to a patchy appea.ra.nce to the display.

Figure 5 is similar to Figure 4 except that the rubbing
directionsa are opposite. This results in liquid crystal -

20 molecules 23 all inclined in the same direction towards one '
wall in the OFF state. When a voltage is applied all molecules
rotate in the same direction to give a uniform appearance.

Figure 6 shows how the cholesteric twist and alignments are

25  patched. Left plane 25 and right plane 26 have rubbing
directions RL and If.n respectively. Viewed from the left RR
is rotated anti-clockwise 3-%/2 from R;. Passing from left
to right the director is rotated clockwise by 311‘/2. The
tilt angle across the centre of the layer is uniform.

30 Intermediate planes are indicated for %/2 and T rotation.
For a cholesteric that twists anticlockwise on passing through
the layer the rubbing direction RL is reversed. The . '
orientation of the rubbing directions is critical. If,one
of the rubbing directions is opposite to that indicated in

35 Figure 6 then there is a significant degradation in the
sharpness of the electro-optic transmission curve,



- 9 As noted above surface alignnent by rubbing results in a surface

~nol'ecules tilt of about [err]. The relative orientation of the two -
rubbi ng gdiyections nmust be matched to the natural cholesteric rotation 3
whi ch nf ?\ l eft or right handed. The need for this 5 matching is
expl ai ne th reference to.Figures 4, 5. {q.Figure 4 cell walls 20, 21 are

uni di recttonal | y rubbed and assenbled with the rubbing Rin the sane ot
directions. mHORritinissin agdimst iapplted vyStazle cmiractalistic GoManiéw C

material, it |[s.,1¢ ngdy @pfi cakl y .act s €.: 0 no twisted structure.
The 11 qui d orbRitake sl 2o o P g Hinle Sl Pl b RS WA RIS, .
centre of theusinges singlth@alarigertaguniin Bippirect t hThardperukurve shense to

al'ign normal {,Qrl€s48h | changesSHiEn P EAH Y CEncrbSing. %1%?&% She QgReF Scurve
anti-clockwi se to the ON te. This is_ the 15 g];ob emggreversetlp

N sta X
referred td i PPMRe’TA7ARTes3PR changes with & deTgasiPsviblieshy apPeAeSFTa® P8 t he
di spl ay. Fi gurditage Susteiisaobiadnéd Jur cbothesioepand ifast trieéuctibbi ixgvditazet i ons -

are opposite. | SinhCSAHebd faNehddhe £ I O |
inclined in t%esuggiﬁ%ngi ?égg%?oir? 'tdéav\gr%s ao%%ﬁﬁ‘ghfg%ﬁs?% g&—%aglga%g?%1 \Xﬂen a.
vol tage.is apPg+i BaFkad bydl bedhedslinge athe itransmissiafechAngecaliognly Soglaws a
uni f or m appeatinappertcgies: 6 Bhaywsedow theestdeg! Aipess GheWwdt chiveld! 4;@a888Nnt S
o e ol orlE B T ESRRE PO 3T ' SR BB B AR P g
irections’ R ? Tespectrvel y.” omt eft "RR¥'S"Tot at ed
anti - cl ockwi sesidgekt .52 vwaloes RE. V,. aRdsE) figr OF8mddefl elementghrespestifislget or
Is rotated cl ockwi se by 3 Tr/2. The tilt angle across the centre of the -
| ayer is uniform 30 | nt ernedi ate pl anes, are indicated for [err]/2 _and

[err] rotatioff *PBOFE Btadiecimd tititmatiahhi 1t Srapmmisto ptisd BvPsFastiatdy

t hr ough _a_l'l of the light is transmitted in the ON state. For a liquid crystal

' 15 material ha.ving.;a. Treasonably high birefringence (e.g. An 2 0.15) .
there is zuiding of polarised light in the OFF state, If light from a
gource enters the layer polarised along the molecular axis of the liquid
crysfal and dye molecules and in a direction normal to this axis, it is
both guided and absorbed-across the layer. When the ‘birefringzence is

20 low (e.g. An ,5-0_.15_) there is less guiding of polarised light, and a

-larger fraction of unpolarised light may be absorbed By the dye
molecules allowing the device to be operated without a peolariser.

When the cell is in the ON state the iiquid crystal and due molecules

.25 are re-oriented towards the normal to the walls, provided the zaterial
has positive dielectric anisotropy (AE>G). In this condition little
light is absorbed by the dye.

-

o’



the layer the rubbing direction RL is reversed. The ‘orientation of the

-rubbing directions is critical. Ff one of the rubbing directions is
opposite to, that indicated in 35 Figure 6 then there is a signif&kcant

~ degradation in the sharpness of the electro-optic transm ssion >, 10
The transm ssion agai nst applied voltage characteristic for a | V1
(e\g [err] 6 [err] cell vmth a [err] tvm st ic'orporatlng a dye and using a
si ngl e pol arlser shovvn in Figure 7. wer. cur 3@vvs t ransm ssi on
changes with a EPBUFERIHEP ﬁﬁ“‘i/ﬁﬁ%’@%ls t(g‘e" dePel? ctﬂ‘ prefer to

transm ssi on chaag@ sihgdlle polaedseraso rng:cmdaeagma absﬂpeidedneﬂ&i agr wohtage

curve is obtain 1% P lr ﬁg%earmggé %H%o%.mf.? yﬁ]l Suprising

effect is that for a rapl d 1ncrease 1t volt mar ked by
a broken line, Pﬁeﬂtlﬁa?ﬁsﬁPs@%Hc%Ha\’Whéﬂ)%I Ftatet | ows the upper curve. V
I's bel ow thegsteep ranp of the two closely spaced 1 10 Ilnes and [err].

just ‘above it. The of Fi era M S. vaI ues of
V1 and V2 for - g‘ﬁﬁgaﬁ?a&éﬁérﬁce g%fréeﬁé%} &ayfﬂs °ﬁe stﬁf’e very
little light i s poYamisationedrikbh | effestlf st%\-nthhalﬂr y2 atwisbéd ma@auiucé;m S
transmtted in LheehbR 3 fhout f(aryea\: hQngthJ Xéﬁ.f‘lbeween RS %'bhi‘zlzsgﬁé“ ng a

reasonabl y high. blrefrlngence .g. [err] 0.15) there-is guiding of
pol arised light in the OFF state If light froma source enters the |ayer
pol ari sed atmng_métﬁ-ermlsmau& Zhedeffecdloft wihgwm fdtiot &fp apchdybowaiBE Ul es
ZBSO} Beg. gl:;ggtslcg e F}%Vepgn%m%\flhse%ntaﬁeubc#egtl ??’hcgsce)%ge %F‘s’wzgnaﬁl (7é “‘s[ err]
n ‘Le'rr] 0.15) thedeyes thicknegeidlitncholegkerie iniddh o dhezeagen aéove 0.5 the
value of V1 remains reasonably constant. However the value of V2
increases gradually up to about d/p of 0.75 and then increases markedly.
15 Thus for low tilt cells the value of d/p is preferably within the
range 0.5 to 0.75, The additional strain induced by the surfaces
at values of d/p < 0.75 for a 3w/2 twist, reduces ,
the tendency of the cell ‘to form a scattering texture just above the
threshold voltage'Y1.
20 .
Cells of 37/2 twist with surface alignments having high tilts,
e.g. 30°, have a transmission characteristic shown in
Figure 8. For a~plied voltages above V1 the transmission changes
rapidly with little hysteresis both for slowly and rapidly increasing
L 25 and decreasing voltages. For this higzh tilt cell the variation of
V, and V, with varying d4/p is shown in Figure 10. Both v1 and V,
increase steadily with increasing d/ P. ' Similar results obtain
when the tilts are different on the twe cell walls, ©For example one
$ilt may be zero or 2° and the other 30° with aligmment matched to the
30  twist direction as in Figure 6. '



| arger fraction of unpolarised |ight nmay be absorbed by the dye nol ecul es _
all owi ng the device to be operated wthout a polariser. Wien the cell is in
the ON state the liquid crystal and due nol ecul es 25 are re-o6riented

t owar ds __@normal to the walls, provided the material has positive

di el ect.r nisotropy [err] In this condition little light is absorbed by _.
t he dye. For high birefringence mater+ald=([err] n [err] 0.15) it is _«
preferable to use a single polariser to increase. the absorption in the OFF
state. For | ofpepiresmtion) 8% e ePeTRed 33 pioulSiplexpd masrEx B3TB @Sno

pol ari sers tcadacofbsacavovdl v il 06£dined aberidarEor ohi g abi1xRAr 1dpaance

material s and, .l ayers of 12 [err] or nore a polarisation switch effect (c.f.
the 7r/2 tw 51153 emat i c) is obtainable without a dye by using the cell
‘between two polarisers. 10 Figure 9 shows the effect of varying the ratio
d/p 1N LN | Oiski ddviChluay b0 2Beld RASIH 35 bAULACOMLAL) GlohS fisSe dr SlQUN I 1
Figure 7. As the |ayer "thickness d to cholesteric pitch p increases above.
0.5 the val uetorvtard Wehindoy SxeRipnsyysieaastfynend swifehedOFR Be aval ue of
V2 increases Wghdfilghandypfi o atwediisighid Q?’ D £75 FN0whdiens i Agraases narkedly.

15 Thus for,]| til Iis .the, val ue.of d/ D is. pr Ly w-thi he
range 0.5 to 0° %é.nc& %gﬁ%@dit ?odr?ﬁ?e%ﬁr?‘gi%lis | @gg %{/%{‘%%ﬁﬁf SEEE 24t
val ues of d/ pradepiai5changed fignrBeingi prsitivwadat cowt ficequendiescyo akgstizecel | to

forma saatt e A P¥bdHeReidsst  above the threshold voltage [err]. 20 Cells
of [err] twist with surface alignments having high tilts,

Examples of suitable-iiquid.crystal materials are:- . . -i;]
Catalogue Fos. B63, E70, E43, CB 15 available from B.D.H. Ltd.,
Poole, Dorset, England. . | o
15 Biphenyl liquid crystal meterials are described in U.K. Patent
No. 1,433,130 and U.K. Patent Application No., 2,031,010 A.
ZLI 1132 available from E. Merck, Damstadt, ¥, Germany.

Suitable dyes are ahthraquinone dyes describeﬁ'in U. .'Patént

20 Applications Nos. 2,011,940 A, 2,082,196 4, 2,081,736 4,
2,093,475 A, availab1e=from'I.C.I. Ltd., or.frdm B.D.H. Chemicals
Ltd. as D82, D86.

Example 1 : ' : ' ' ' : —
25 Material E63 + 1.5% by weight of CB 15 + 1% Dye D82 (3.D.E.) N\

Cell thickness 6 s low tilt alignment
V,/V, at temperature T = 20° = 1.165
Maximum number,n,of lines which may be multiplexed using the
Alt & Pleshko technique: n = 40 '
) =~ 0.5% per °c
o 50C ms
2 30C ms

1,4V
0 T4
Response tlme_tON

| YorF
Contrast ratio 4:1.

The angle of view is extremely good with or without a polariser,
35



e g. [err], have a transm ssion characteristic shown in Figure 8. For

appl i ed vol tages above [err] the-transm ssion changes rapidly with little
hysteresis both’for slowy and rapidly increasing 25 and decreasin

‘vol t ages. For this high tilt cell the variation of [err] and V2 w
varying d/p is shown in Figure 10. Both [err] and V2 increase stea

W &b i ncreasing d/p. Simlar results obtai mBwhen the tilts are different
on the two cell walls. For exanple one tilt may be zero or [err]. and the
other [err] witExagplgnhent matched to the 30 twist direction as in Figure
6. -12- The L{yQRT &QatERkeDE @@&&ﬁtsscbzﬁ , AldwutiithexgelenBiri x array as
descri bed above_ w th réf to Figure asya fixed | egend display. 5
Thi s device nmay"B¥Tpts ggéd% a two- frequeﬁb m)de where‘the cell is
switched ON by a | ow freqsisey3e% gma&e:.g-htr] (Emd:kévm tched ORF by a high
frequency [egr] The ,sis gnpdf ﬁgegeyr D V\,he(g}j )s the frequency at which
the dielectric anisotropy O fﬁj cry terial changes sign being
positive at | ow frequé‘ng 82 dye %Qatweashﬂo B-d’c Hp{ gh frequencies. Exanpl es
of suitable liquid cryst(q:i/mt erigal s- 3 g Cat al ogue Nos. E63, E70, E43, CB
15 avail able fromB.D. H ool e, Dor set, Engl and. 15 Bi phenyl liquid
crystal materials are d@s'(‘:r4i bed in U K Patent No. 1,433,130 and U K

Pat ent Application No. 2,031,010 A ZLI 1132 available fromE. Merck,

Danst adt, Wq Germany. Suitable dyes are anthraqui none dyes descri bed in

U K Patent

. Examvle ' \\

! Cell thickness 8 ym low tilt alignment \
' Katerials (B.D.H.) 3/5/7 CB
+ CB 15 1% by weight o

15 + D 82 dye 1% by weight.
(v2/v1)T=200 = 1,125
el
Example

20 Cell thickness 8 ym, low tilt alignrent
Material (B..D.H.{“;/S/7 CB 50% by weight

+ 3/5/7 CNPIR 50% by weight
(vz/v1 )'1‘=20° = 1.072

n = 200 - -
L 25
! Example _
Cell thickness 8 um, lov tilt alignment on one wall and high tilt
alignment on the other wall. '
Katerial ZLI 1557 (Merck)
30 + CB 15 0.9% by weight (B.D.H.)

+ D 82 dye 1% by weight (B.D.H.)
(Vo/V, )ppo® = 1.063
n = 268

35



20 Applications Noo. 2,011,940 A 2,082,196 A 2,081,736 A 2,093, 475 A
.available froml!l.C |. Ltd., or fromB.D.H .Chemcals Ltd. as D82, D86.

Exanpl 25 Material E63 + 1.5% by weight of CB 15 + 1° Dye, D82

(B. D. Il thickness [err] , lowtilt alignnent [err] at tenperature T =
20 = 5. Maxi num nunber, nof |ines whi ch 1#ay be nul tiplexed using the Alt__

& ‘Pl eshko technique: n = 40 30 [err]0.5% per [err] Response tine }r*

[err] 500 I\/BML_Eerr] Contrast ratio 4:1. The angle of viewis extrenely

good with % Oé?'d S $dw/n3eh til‘E]a? T
Exampl e 2 L| quid cry stal h| ckness 8 err] I ow tilt alignment
Material s ZLI S@tenal (B.D. H E 65(Merck) + ME 33 30% by weight  (Merck)
5 + CB 15 1% by+ves ght1, 1% by wef{dhtD. H.) + D 82 dye 1% by wei ght
(B.D.H) [err] =1.160 n,5 48 19 12 vy weight

(vz/v1 ),1,=_20 = 1.141

Example .
10 Cell thickness 8 ym, low/high tilt aligmment.
Material (B.D.H.) 3/5/7 PECH
+ CB 15 1% by weight _ o .-

+ D 82 dye 1% by weight -
(v2/v1)T=20o__ = 1.134
15 n =64 '
Example 8
Cell thickness 8 ym, high tilt alignment
Material 2ZLI 1557 (Merck)
20 + CB 15 0.9% by weight (8.D.H.)
+ D 82 dye 1% by weight  (B.D.E,)
n = 590
25 Example - \;
Cell thickness 8 /mn', high tilt alighment
Material ZLI 1289 (Merck)

+ 3C0 Ester 30f% by weight (B.D.H.)
+ CB 15 1,1% by weight  (B.D.H.)

30 + D 82 dye 1% by weight (3.0.H.)
n= 190 '



Exanmple 3 Cell thickness 8 [err] lowtilt alignnent Materials (B.D. H)
3/5/7 CB ¥+ CB 15 1% by wei ght 15-: + D 82 dye 1% by
wei ght [err] = 1.125 n =72 Exanple 4 20 Cell thickness 8 [err], lowtilt
alignment Material (B.D.H 3/5/7 CB 50% by weight + 3/5/7 CNPYR 50% by

wei ght [err] = 1-072 n = 200 25 Exanple 5 Cell thickness 8 [err] | tilt
al kgnnent on one wall and high tilt alignnmenisan the other wall. AB{eri al
ZLI 1557 (Merck) -30 + CB 15 0. 9% by

(B.D.H) + D 82Esam»1a%dy weight (B.D.H) [err] = 1.063 n = 268 35 14

Exanpl e 6 Cel | bliCkAniReds %k nigh 4440l hdat al i gnent
Material (B.7.H.) E 120
+ CB 15 0.75% by weight

5 ~ 4+ D 82 dye 1% by weight
(V/V g = 1.08
n= 170 '



Material (B.D.H) E 63 + CB 15 1.1%by weight + D 82 dye 1% by weight [err]
-+ 1.141 = 58 Exanple 7 10 Cell thickness 8 [[err] lowhigh tilt alignment.
Material (B.D.H) 3/5/7 PECH + CB 15 1% by weight” + D 82 dye 1% by wei ght

[err] ,~g 1.134 15 o n=64 Exanple 8 Cell thickness 8 [err]
hi gh ti i gnment Xaterial ZLI 1557 - 16 = (Merck) 20. PR
+ CB 1 % by wei ght (B.D.H) + D 82 dye 1% by wei ght (B.D.H.) M
[err] = 1.04%ahie-ofggopsrties pfpliqudd Gatyistahingkerigds8 [err] high tilt '
al i ghment Material ZLI 1289 _ (Merck) + 3CO Ester 30% by
wei ght (B.D.H) #,CB 15 1.1% by wei ght (B.D. H.) A + D
82 dye 1% by meigﬁ%ﬁn%f%.D.H.) [err]  =1.075 n = B €,
5 ZLI 1289 (Nerck) . 2.0 2.28
ZLI 1289 + 305 ME 33. 1.23 - 1.87
ZLI 1289 + 30% 3CO Ester 1.3 2.0
E 120 B - 1.01 1.09
- 3/5/7 cB _ 1,55 2.91
10 B 63 | 1.93 3.19
'3/5/7 PECH : 2.08 2.7

15

-



lé- Exanple 10 Cell thickness 8 [err], high tilt alignment Material

(B.D..H) E 120 + CB 15 0. 75% by melght 5 ' + D 82 dye 1% by
weight [err] ) ° = 1.08 n 170 - 16 - Table of properties of liquid
crystal materials. Material [err] 5 ZLl 1289 (Merck) _
2.01 2.28 ZLI 1289 + 30% ME 33 ' 1.23 _ =
1.8% ZLI 1289 + 30% BCO Ester -17-1.30 2.0 ﬁ:g%gj
1.01 1.09 3/5/7 CB - 1.55
2.91 10 E 63 _ - 1.93
3.19 3/5/7 PECH 2.08 2.7 15
7 e ME 33 is c337-<:>-coo-<:>-c337 |
BCO Ester is 0337-@400-@-05311 50%
5 _
2y, ~09-C00~(0)-CcH,,  50%
_ 3/5/7 CB is C}_H..,N 30%
10 ' _
- OO B
o -
Cplty <O~ 0)-CH
15

3/5/7 PECE is '05H7-®.c2}14 @)cx o5
CSH_] 1-®c234-@-CN 405
“ CH, ~(H)-CH,~O)-CN 307

3/5/7 CNPYR is'csx,,-@': )-@en 30%

S o Gy @
c. 8, 5-@: )@-cn 3065

30 CB 15 is CH, CH, c'chch

CH3



Carnms: - 1. Aliquid crystal device conprising a layer of |ong 5
.pitch cholesteric liquid crystal material of positive dielectric anisotropy

cont ai ned. het ween two cell walls bearing el ectrode structures and being
surface fLegted to align liquid crystal nolecul es (r““ J“L
hormgene structure characterised in that the s nlamem I“ﬁ nd L~
nat ur al ch p of the cholesteric mat dPial are matthéd to proVide a e

progressi ve rkbmestl-ar twi st of greater than w and | ess than [err] radi ans

across the | 3yer Wi thy QL#\E&C%QPfgtEilée 9 %%ELQ%’xgE haeégvgetﬂ Qfoltofr{g%/ﬁ:r

t hi ckness d di'vided by et weeh val ue
of d | ess th&kodetEeie ]11%1’(9 Fﬂ‘fsctﬁér'"aéﬁawécf’erﬂ°§é‘t‘:llvl§yd¥ﬁ§|&ﬁ§r#°oﬁm§éltmm vel y

?_bsorgl ng t {%Bﬁfﬂ:{n’fe@dbe:tbxgm td@rt@m@ur%wmarﬂgeemﬁsa@ asr&rgéﬂ&@@& ae%nlaonboz the
iquid crys naterja ereby. t € Jce e s ed direc et ween
a Iqi ght trangﬁ%g%ls%l%cte ?geaa'fﬁ‘g % g’rﬁ %?X'isg%l §‘PW£ fr 14t & ?ﬁa%/

t ransni ssbon/hondgengeus Isdraduce |®Btm®:etﬁsed wn tthe bt theubstfansd |aah.gﬂn.;anttetrm$i S. '
2. Thaadeuhcei fh §ld thd o ﬁ{ bPid e aﬂSaJeOﬁe%ﬁL@%' ¥Fdwiaghisor ol ng

transmtted lig an anount o rorc e Incorporated”in the liquid
crystal rraterPF'&$reSEE)"%m°le°ular 1"I’Fm‘é (?é'vf»%eétBY @Pﬁl?ﬁ g Hepe| thar e neans for

sel ectively abspidi EJ@'OE&aﬂf‘er’ﬂl.i}eedwiﬂkghtudﬁoi-nY\/CtJ.DfﬂdaE'é@ﬁbﬁ auheafeg.ad of

optically in.front, of. and ehl the | ial. 25

. THEY SRR RS o SHS e RE re P Y ins beeds L HR 1 B bbhE 5

[err] /2. 18. value ofThdede\tiher &pclgﬂnfta'thherc@a_mctthemasir hac;eabs eﬁat'rrent
_provides selectively absorbing transmitted light depending upon the molscular g;;

orientation of the liquid crystal material whereby the device may be
switched directly between a light transmissive state and a non
transmissive state with a sharp transmission/voltage characteristics

19  without substantial hysteresis.

2. ' The device of claim 1 wherein- the means for selectively
absorbing transmitted lignt is an amount of pleochroic dye
incorporated in the liquid crystal material.

20

3. ~ The device of claim 1 wherein the means for selectively

absorbing transmitted light is two polarisers arranged optically in

front of and behind the layer of liquid crystal material.

| vy

25 4. The device of claim 2 wherein the molecular twist is about

3*/2-

5. " The device of claim 2 wherein the surface treatment provides

& liquid crystal molecular tilt up to. 5° and the ratio d/p lies
30 between 0.5 -and 0.75. '

6. The device of claim 2 wherein the surface treatment provides
a liquid crystal molecular filt of between 5° and 70° on at least one
cell wall., ' |

35



-

a.liquid crystal nolecular tilt up to 5 and the.ratio d/p lies 30 bet ween
0.5 and 0. 75. .6. - The device of claim2 wherein the sur reat ment

peovi des a liqui'd crystal nolecular tilt of betwe
| east one cell wall. 35 7. The device g” "ﬂ l' m )
conprising at | east one polariser. 8. The dewi ce

fulg,her'"corrpr'i sing a reflector 5 opt| caid . behind the cell. 9. The.
device of claim2 arranged opti caII eries th at | east one ot her
device of claim’2 with dPFfEVast °lofiGdF ayped fugt V\I?P?feca‘i“f‘fié?%ta “ckeepE °2%0 10.
The device of chelanidemherein the el ectrode structure on one cell wall is
arranged in a first series of mseparate el ectrodes and the el ectrode
structure on the other cell wall is arranged in a second series of n

separate el ectr8des to fbfrfedhcmok Hakhtd aRd orikgrararwisine aaerflestodbl e
el ements. 1l gpticalle vdeMidCendetl ai m 10 wherein the first and second
seri-es of electrodes are connected to two sets of driver circuits
controlled by a logic circuit for repetitively applying voltages froma
voltage 20 sofirce to fThe deéot pbdesin? armnged pipdieallyeijuencies with at

least one other device of claim 2 with different colour dyes in the
different cells. '
16
10. The device of claim 1 wherein the electrode structure on one
\_} cell wall is arranged in a first series of n separate electrodes and
the electrode structure on the othier cell wall is arranged in a second
series of n separate electrodes to form an m x n metrix of separate
15  addressable elements.
1. . The device of claim 10 wherein the first and second series
of electrodes are connected to two sets of driver circuits controlled
by a logic circﬁit-far repetitively applying voitaggs from a voltage

20  source to the electrodes in a multiplexed sequence.




