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pol ari zes.

The term pol arizes is used to nean an optical devi

transnmits polarized |ight or conponents of natural |ightyjn a given state
of polarization, and bl ocks other conponents. !, In a narriower sense,

t her ef or e,

a polarizes is a device for producing polarized |ight from

natural light. "Natural |ight" nmeans no#d-polarized light, i.e. white,

col oured or

anal yzing the state of polarization of |ight. The nost w d
pol arizes is the sheet polarizes for producing |inear-polari

nonochromatic light. An "analyzer" is a poIarigmmM
4

. : LS *1661
These pol ari zers have the dlsadvantage tg%h_half the incident nat'tfal

is necessarily lost. A polarizes
incident light in the formof polarized |ight would be a co
techni cal advance. Unexpectedly, a pol arizes has now been fgm

ered nore than half of the

polarizes nearly all the incident natural light. It is based on,
frequency-sel ective reflection of cholesteric liquid crystals and™PE
char act eri sedheyihhenttah urekatps/arv ian gdlerdlzerns. Enbodi nents and
applications of the invention will now be described with reference to
acconpanyi ng draw ngs, in which: ri ~ ~u~ 2o0az - 2

The term polarizer is used to mean an optical device which
transmits polarized light or components of natural light in
a given state of polarization, and blocks other components.
In a narrower sense, therefore, a polarizer is a device for
producing polarized light from natural light. "Natural
light" means non-polarized light, i.e. white, coloured or
monochromatic light. An "analyzer" is a polarizer used for

. analyzing the state of polarization of light.

The most widely-used polarizer is the sheet polarizer for
producing linear-polarized light. These polarizers have the
disadvantage that half the incident natural light is neces-
sarily lost.

A polarizer which delivered more than half of the incident
light in the form of polarized light would be a consider-~
able technical advance.

Unexpectedly, a polarizer has now been found which polar-
izes nearly all the incident natural light. It is based on
frequency-selective reflection of cholesteric liquid
crystals and is characterised by the features given in the

claims.

Embodiments and applications of the invention will now be
described with reference to the accompanying drawings, in
which:
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t he



Fig. 1 is a diagramsnow ng the basic operation of the inventi on;‘d? gUszunz
shows a |ight source for producing polarized light; Fig. 3 shows
alternative formof a light source for producing polarized light; Fig. 4
shows a light source according to Fig. 2 applied to a headlight; Fig. 5
shows a device fox converting a non-polar?zed nonochromatic [ight beaminto
polarized light; Fig. 6 shows a device for converting non-polarized white
light into polarized white light; 1 Fig. 7 shows a three-col our anal yzer;

Fi g. 8 shows Bigall denat idiagkemnmsbewing hike-kas buroperaticsy ofFitge 9 shows a
nonochromat i ¢; Pr&H18Qdd,on system Fig. 10 shows an application of the

invention to a colourprojectiopn system Fig. 11 shows an alternative farm

of a col our - pFf ek iBIPWSy &t é‘ﬁ'ﬁglgi é‘?‘“i%e sgﬁ’gﬁpﬁ?ﬁ}fﬁeﬁg eﬁocqérrﬁé‘tefiv 18BFm of a

col our - proj eciign 3ydiosss ahi gltéBnahivs formfdfcd | Mgty pouwraleodbrpr o) ecti on

system Fig.é$§<ﬁﬂg_ %Qﬁ%ngeEEEESE#lVE type col our-projection system and
ShoOW i met hods~of ’

Figs. 15 - 19 var i ous e operating liquid crystal cells
conpri si ng t ELhovelshsoisag 148t EPYrce aermrd s dmddidrert agPlipd to
invention, i.£.headldgai;zes in very sinplified schematic representation,
for expl ai ni ng h§ hasi ¢ op%%atgon ;he 9! ri%egicgﬂ?ykﬁ?s.a Iaéergg of
chol esteric | I q?§§FaF. N& Fiaﬂldc% y%{ 1) ?s.fh e aéﬁéﬁgj an
structure, i .ehrdmatigplléghitebeameinrepebarizedubistttitially planar manner
by suitabl e bounday knerdiat BRYSce THEr DOREEF ¥ kP HH A NS rAz_aPkadueed in
known nanner, 31%5'2§.rUb3'n3’ 8n t he Sfrf ace of the plates enclosing the
liquid cryst &9 Bt Sonprlartgedt KRIPF at ¥t ishi ch are known per se, are not
shown in Fi g.Filg. Thehowguied thrgstadbloéayeanakyddmy . QL2 JUN 2D02 - 3
Fig. 8 shows an alternative form of a three-colour ana-
lyzer;
Fig. 9 shows a monochromatic projection system;
Fig. 10 shows an application of the invention to a colour-
projection system;
Fig. 11 shows an alternative form of a colour-projection
system;
Fig. 12 shows another alternative form of a colour-projec-
tion system;
Fig. 13 shows a reflective type colour-projection system,
Fig. 14 shows another reflective type colour-projection
system, and
/ Figs. 15 - 19 show various methods of operating liquid
crystal cells comprising the novel polarizers.

Fig. 1 shows an embodiment of the invention, i.e. a polar-
izer in very simplified schematic representation, for
explaining the basic operation. The polarizer comprises a
layer 1 of cholesteric liquid crystal. The liquid crystal
is in the "Grandjean" structure, i.e. its molecules are
oriented in substantially planar manner by suitable
boundary conditions. The boundary conditions are produced
in known manner, e.g. by rubbing, on the surface of the
plates enclosing the liquid crystal. For simplicity, the
plates, which are known per se, are not shown in Fig. 1.
The liquid crystal layer is flat.



Oriented cholesteric liquid crystal layers reflect in substanti Ii ﬂ&lm
one wavel ength region, in which the wavel ength is about equal t u 3h
of the cholesteric helix (the active wavel ength region). The spectral w dth
of the reflection region can be varied in known manner by suitable choice
of the liquid crystal. The reflected light s conpletely

circul ar-pol arized. The direction of rotation in which the
circular-polarized light is reflected depends on the direction of rotation
of the chol esoeié¢ntddldhaleBuleaiczatguadrotustay layens opflesit dndistdet i on

Is transm tted.undi JTRA.on 14 %%V@Q%%ﬁ‘&tﬂ‘ ELQLor, COMRI I G 1N WRkAeLI Ce
plate 3 is dlsposed paraq to and {stance fromthe Ilquld crystal

| ayer. A beam-®P$thmS atﬁ?h’&cﬁﬂb‘ﬁ’ét e FF@hPlES}Gr%% Whe FPRRSHE heddem

t hrough the o_(trﬁda C&nl\&-l @a&elﬁh@taatbgﬁ)énp he Deanspesktdie weiteges ithet he

state of the | %Im‘g caBbB eé%fé@egnh}?ﬁ&r?%éﬂ ertJ] J8k&k ﬁgce to
ary rays Stri

one of the boun he |l Tquid cr | ayer poi nt
7. At this po¢h@lc%|qfcm1’@r Jp@luaﬁl gEdStaght Therléq?fb%ci 1}“@"— Illsght whi ch

is polarized d:&n;fléﬁ-‘éﬂ.yarcﬂﬁ%ﬂ%& wmrwé@tl Ofhé Odif@:ﬁicﬁhtoﬂ)rrdtqttlba | ef t
(hereinafter cal

ed.right-circular_o t-C ular for_.sh ndi ng
on the directdn5h |c}t’fcb’1Eﬂ Fﬁgoﬁ‘?ﬁﬁfﬁd H‘/‘glf“él 13 /RGeS q:ﬁ‘% P‘ ngs,
the directiononfthotditiemtiton tlierpkghionsof ndheackolldyreric heditko the |eft
s ndicated hy1deizaddehPidaGl g LRI chOCOBEILECL Clabe ShiPQ d IglibsCi T oul ar
pol ari zed, whereas_ |1 g € opposite direction of rotation Is
transm tted URHF R ¢ W‘F‘e@ is therefore left-circular polarized. Ray 8
regches the reflector 2 where it is reflected at point 10. On reflection,
as is known, {h f; a r afit gl cal | ed
t he pol ari zatzlko(g rtgzll}l%ng%l&n%q' &lﬁgh b, ?&gé%%%gsée%a& Qﬁtc%a]tglt%ﬁ% Fect ed
ray 11 i s novdiwrsed maraddegokar FEéda"anﬂ dpstaneesigam gihe Hilg‘lﬁldoperty is

transmtted upgysaed myetrhe hi gebd 5rfﬁéxalalradmcrlroxﬁa&@ nayht sBaysell and
9 together acgo

nt f ractic th etlr |ntenS|ty
of the incideht"Bed Qcéer t1he| nggﬁlgcggﬁ?u% ea%%ll%os%/tl oﬁt cOi nc&ge wth
t hose of the P@mlq,fsttéxel belamgahd thgschdngdhein cche tvarpeifartheation is

practically Iﬁ@@r&é&e nghtcwﬁebet@fpmiﬁéa 214 OTh PQGesS P RliFRS ek ONlY

to the boundar ra o the entire light beam5. The entire emerging
beam t her ef or & tﬂkgtﬂﬂ ftg‘ren&’EPF‘éﬁFErr?%? a%‘l zation. Linear-polarized |ight,

if required, can be obtained without difficulty. As is known,

Iinear-polarl i Ghts n e C d hLig

wi t hout | oss, %’j du5| ng a k%g' tgg Fi?@H&A%I%%ér% jf{fé&l a‘ft %:ilg{eezl(enotp‘lts%\%ﬁ) can
be di sposed b%?ﬁ% %cé‘llﬁaﬁﬁéﬁéﬁ%z%%o%ﬁlﬁl JF$g"efll“-Ct‘“'c‘)?dcybtlalen light

| i near - pol ar iwteictH iightpolhfrikbé thotistwlax rhaxyzmr Jw:ltsh replaaded iy ahsunber

of  chol est or o 4y s ahg LT PRepLs SHEELE Ao PRLE Gl RuRALABL 205  of

white |ight can be obtaine ayer cr S
adyant ageous| }eTe sigde lprofPrposhaeE! ¢ CF?IEﬁﬁ%FféQﬁft atll? dijrgctioghehs a | i ght
source for prastiing pel i&thquhi@h&ryé\:all Jid ySour JrZhea‘ ArapiiadeGi Ble

non- pol ari zed, | ) at th centr.e of a spher.d anran nt
The Spnori calttnsilist et EBSAE o8t Mohd oM s AR b a8 1

on a spheri cato sn.h@pdﬂft( Ast lsa@mye@myu"ﬁaw r?gz%pn‘dleSpé@ttr alhe

sel ectivity, ¥ ert2RCQRY Bi gHi Qlélwsé?écd?é/@r Jl?éﬂl%da seeekdsspeghtal
selectivity. Tf@g& ectra Eleﬁtl\”t GI:‘%]hetwo I| I‘?&éstal l.ayers is
such that the'¥ REPPEGHE %rﬁf‘ﬁ' er%ft%telro’h D15t Sfhe support
has a reflectunfg.maaltl ngays9 Lsghhenﬁfmtlm-b;mimeldn gatlagdzede aReirves

at the inner ¢ i Qicthesr ¥pbakekd¥€tod3 WK’@E@ it? dletcﬂéﬁ adepeading on
its polarizatjon, and either transnmtted or ecte etransmtted beam

17 is theref o m%ﬁ?glleﬁﬁilaﬁ 788 EndIRE A tsl'}fecdclrrﬁc%%é’g £P&ATL
correspondi ngf polaeigekéohi Vhéyediafter [dajllieh cihyestpalladrdyparibd. dAnec-

additi onal shlidn 96UL802L) 1. 2erortkd | Wl Lyl SRl hven

transni ssion Tor one pora i on Ion
pol ari zati on.19 mowhéerftqgr»acel%tmlawch e Ad t%tﬂ%%i-ﬁo§énthls

property, is transmitted undimmed by the liquid crystal
layer 1, like ray 9. Rays 1l and 9 together account for



Q2. JUN QU0? - 5 a large part of the total spectrum can be spl1? HBNI ?ﬂﬂz
this format the two |layers, so that approxinmately white |ight

produced. O course, a further inprovenent can be rmade by one or nore
additional liquid crystal layers. The reflected beans 18 arrive at and are
reflected by the netal mrror 15 dlsposeg on the other side of the liquid
source 12. During reflection, the direction of polarization is reversed, so
that the reflected |ight now has the sane direction of rotation as the

al ready-tran yndi famed

liquid cr yst%%{:%g%arlléi}:%r?}éhéenﬁt}%@ EHEE?S?E%\AEEZ%E%I ternati veﬁégﬁﬁo i rrent A
nonochr omat i €°§ | HPRCTRK vE-dh |a§ddP§Eé§é8na%9%-6§‘G%t‘@r§h i¥hasfe 9f e of a

Spﬂer [ ca: Eoeﬁ?ly@sﬁaﬂ@rlﬁhl%c@b@lc@it er rie th@ﬂuﬂtﬁﬂqsﬁﬂhaﬁlaz}ﬁl&ﬂ,lsnpé
Sp erica ut af ent c i s | SpOSse nt t S| de.
e eres I PrasSiea it Rt B i hter y o POF Ta Pt S S PRt
orientation apphids atotswrflaced sheabtundahyunran @ sywhetd d:i‘té Antfiaee,

al though a f{aknd iy scry%thael n%xee Eﬁé§§§n@rﬁé‘éﬁrt}?@§éf@£é ks Ani-

pl ane-convex_lens 22 is dis osed et ween source and the liquid

crystal |ayeforT rFJ;ﬁcé’éﬁrcémltal‘Tézla E]BFd chyReaF- lyae‘f”ceaql KSR s gdsed
directly on téguifed, siate bef cbitaihedswitpeunatdofif odulty s exbadi rkenowrﬂ S
e o ar | o PO AR Uk e BRAT bASErodiifed | £ftn SALIGH A

nonpol ari zed, Ich_ente d cr ayer 21 th Iens

22, either d%-?%‘gt)ﬂy?h}'r "ﬁftth@tutbéioﬁﬁfrﬁi’l‘éé%’é@ %txffﬁ rE’Jeﬁ’teZO Pp&cqrgyl@glzz t he
| eft-circul agd pol grlaard (cmifp@rm@ah) tafi pat @lspysed Wi WHeh aa riainges si gn,

|stransmtte The ri ircylar _c onen i ndic rrowanda
i s oron  1Eee b AR F fi b ERERRE i pe A SR AR AR Mt et e,
this corrponent undergoes a reversal of polarization to left-circular and

can thus al spr pass d%l@&@rﬁ.@elh'fygw d géyﬁéﬁiaé@a/e;fy ?atlhmﬁﬁaé%efoq][e i
ari zed n e as (0] a It e

practically gll the l.i is u

Pl aht | sour sebtifstasiadrastaaiasohe S EEe ¢ Rie Yrs2al so
transm tt ed.pd¥aniver odnphicert Labbd bas be detpioieti zed mlddm-tha(mal l'i quid
crystal | aye:[ﬁ?-d/!ci ke ryRiGhedns Hﬁ%ﬁ@égé@u@ﬁ'ﬂé IéadlaVE-dnP RO added. Fig. .-
di agrammati cal shows advant ageous use of ‘an aforenentioned’l i ght source
in a headl i gt th&MSgt Ssource as in Fig. 2 is disposed in the focus of a
parabolic mrror 23. is liquid crystal layer 24 faces the mrror. It can
conprise a yer i f RES; Vi for
produci ng p(r)brl'" |ze vc\)hb?'tg‘ ﬁ gﬁ\é Eg‘ifljé% %P(r#%(?l zed{ |pﬂtearg%e:dvet§'%g%: “the
parabol i ¢ ni% righE3 Soreee 12 ﬁprusr@##%rw YFWTH@&@%%fll@hﬁarlél | el beam
in the diredisposeld aadicaki 8BntreCof 19 $heridil drvrdrigbmeht.Thenkront plate
25 of the h ~[4 t | con erts C|rcul r- arized into
| i near - pol ar’ ze(fq%taih?rriggemrgléguﬁ?m%ﬂ%% ?lessoturrclec ag 3’ to the

i nvention, WMt ap¥est 13008 §i éP@e%#C%I%*Em | (gt | Shlobﬂnl)sa r the

first time prssiny e EQr@QnﬁbéUEiaan@iéct@i\Eﬂly nt&xm dﬂ%@d:loalrap 1Mael is
dazzl e-free as

f
decoupling & rgs%a&l gfaYSSI gf‘l gggré\ég%lf%hn%tsrp%ﬁﬁf]f rsé%feé%&g'llltl%ﬁf;atzgg V\ﬁlrte
| i ght beam @restirgdeseheaivinyt #f the csted vguisl empdtalediagersals t he

light in theddci-gant thea%gﬁlegﬂaqim ¥ Qpalar i el lJepll nihe- rest of
the light is transmtt

and can__be additional l rocessed
ot her sinil&f 5IeaPlfz§F‘§ ﬁl“?ﬁ°5¥d% S | R ISRE J\MIQWH‘SQI on ﬁ
pol ari zes cdfpemdésetihbgetheclagigul sourcosoatiese Pprats mhe?Gnn2yr, lzaulahey are

di sposed so Ctllg,gttah_axgg,grzga 3@1.%; cﬁflies'sts%;lt% lifuigd %rn}ﬁh%' o’ §t§' t uat ed

bet ween them The md ar ger, t’he % 27,
28, i.e. sh@%ﬁSﬁFagﬁPPaCégdoFlﬂﬁ%’: rﬁrcﬂﬂsé“lrﬁf'qeéjmo% r&rfé-eé%}ﬁé‘l t Fhe
hypot enuse sumhamésted bbamolheistviwersicyes drAilGr2$ollte zedl @hdphasm 27

of the Iar g SPEGeE a5 SAlbFRrbEeR cor A n R e SN RV R P ot
surf ace 32the liquid crystal layer 13. An additional split occurs at

the second liquid crystal layer 14, i.e. transmission for

one polarization and reflection for the opposite polari-

zation. If the liquid crystal layers are suitably chosen,



r12 ,lute zooz of the entry prism27 is given a netal coating, d.&JUN 2002
reflecting coating. As an alternative to being disposed -between prisns,
the liquid crystal |ayers can e.g. be suitably disposed plane |ayers in
cells, or polyner coatings on plates, etc. The incident collimted |ight

beam 33 is non-polarized, i.e. its light can be regarded as |eft-circular
superi nposed on right-circular polarized Eight. This is indicated by arrows
and "-" for left-circular and "+" for right-circular polarized |light. The

incident light 33 ' reaches the first liquid crystal layer 29, which is
e.g. chosen sg ifade idarteidreahs tb@hi- shectian PO add 29 ild @iyt inThRRis
reflected |ight reach%f t he T rror 32, mﬂere It |s.reflect%g]ang.|%§
direction of PpOFR&rdZatier*cs 1A¥eErsedC FRRE| FRTOX TSt i Fedt g

pol ari zed, cabstpexpicamhi ndecedrsbr, oaghuttieef i isprdvanant capsbeal m28eand i s
in the form aleft-circul ar.pelachz ' av t he devi ce.
The left-ci rg%Ya?A%o%raﬁoféad aggrlrggﬁg%l[]' ggq?ﬁgn%%?%[l%#eéjﬁ t?g\?el s through

the first |iquefilestast Heamsyd8 2graNg rbaeh@sa¥ad sElant@®d idyuitdecmysadl

llayer 30. tTPem§f3§<smh a9 idlléip@s%lii?/éhall:héaﬁﬁlﬁ?ﬁosbi?e fﬂpm S.Q._q{ufiat sbtirbas f
approxi matel y_the sane spectral .selectiv u €. opposi.te direction o
rotation fron}%he 94§%HQI34§ e&tﬁoerygﬁﬁla+%§%§leﬁtogkgj %ﬁiﬁﬁﬁg?ntgé

| ef t - ci rcul arrpodrgddedd ithhat, thewref dashed t bioly ndve Masr thel isqoed cryst al

layer 29, is gefd&Olhf A rbRar38AORE thEUALr 4 KpIdladsii®ited0118Rd. I ST
likewise in the formaof a left-circylar $o|ar|z dfﬁfa .35 .when |£ &eaves
the pol ari zesS2HarATSHOTRy trR¥ | FREITRET TR R FL AR B A TGN ETLR R L s de.
The |ight 34,18f=t=dd rgdt dd.bottom of the polarizes is uniformy

| eft-polarized and conprises practically all the available light in the

chosen spectral range. Light in the incident_beam 33 outside the spectral
range travel sFi%r cugiRoFe 2@eflECIRAERBEL SPRON R T med ARRICEZPBEELE t hr ough
prism 28 on thight glturek tbeidransp@sed approxiniatZIG? inathe aidéadyof
mentioned, the 46n.R0laripadLEOR-Leaviao Lhe R AIIASL andyegntaining the
spectral conmponents not -processe ereby can be supplied to other simlar
pol ari zers ha®A¥Rfadi flRgrEnlspBetr Pherier} iR \Elathdine &49SoPr8FSPBsi ng a
nuntd)er_ of po:caersiez,eggl h&ﬁba_deanenaeﬂé h@pp@@l.iiél fide. SThAR awkasgegent df ?r
proaduci ng pol ard.z I ght. 1 ree,. spectr ranges can n cte rom
seven prisns é&é%ﬁ%ﬂﬁ% %ﬁlﬁPg.kg? Eﬁ%ﬁ% I?é%s%é%@iiﬁﬁggn 2%5%? ?éig series
circuit of temienssitdionzensaalaoh Figfade 13 exomim $danf Ppeapspbasidal- 45
of equal sizesarhdeavialenbighl ashPit sidACesjidned syegethaseand

cont ai ni ng Ilq%%gﬁcry%tal Iagers 49 - 5 betmeeq§%g$|5 respective,.surfaces
in contact. A BrESARS6°Rs of SPHRRY sk 225 0°f §C8P8FRhe first
prism 41 r enRecwWeeamthie l1§gbongdopréenam®, tendl imsida cryisaeéndspesur f Bme area

equal to the shond; sUrkaees;ighiNery EHLN &YfdSBrftbe ad3polBa ghpetepyrface
37 of the small 4g§ sm 36 parallel to the hypotenuse surfaces of the larger
f

P
prjsms has a e ctifG 698 AY. TPesi¥Rter short surface 36 is the entry
side for light. The liquid crystal layer 48 is al so di sposed between the

entry prism %ﬁ:e%g.ibﬁeo? Efils! Bh08a AR AM Al pfysHBhl, tREt 20Qu! 3L 1soscel es

prism46 is al'so di sposed on
previously described. The light source produces non-
polarized light, which enters the liquid crystal layer 21
through lens 22, either directly or after being reflected
at mirror 20. At layer 22, the left-circular polarized
component, indicated by an arrow with a minus sign, is
transmitted. The right-circular component, indicated by an
arrow and a plus sign, is reflected and arrives at the
mirror 20. On being reflected, this component undergoes a
reversal of polarization to left-circular and can thus also
pass through the liquid crystal layer 21. As before,
practically all the light is uniformly polarized. 1In the
case of a white light source, the non-affected spectral



the exit side on the exposed short surf ace of the last 1 |arge @iy
and a liquid crystal layer 53 is disposed between the hypotenuséi&mzn@
prism 46 and the short surface of the l|large prism45. The arrangenent
therefore conprises six liquid crystal |ayers 48 - 53. Each pair of liquid
crystal |ayers have the sanme wavel ength sensitivity and opposite

pol ari zation properties. The top surfates of the second and the fourth

| arge prism disposed in the sane plane as the reflecting surface of the
small entry prism 36, also have reflecti ng coatings 54 and 55. In this

ar r angenenfOBRCHE oS 35S ESRBEMECFRY er sThet bR FUFPAIRTY &LSP RSs can be
u?]ed instgad o3 g:miae:rm.edl, aaai&Ubhaﬂ)OFiqugd_cﬂiﬂ@tsblmyerseq&ie:rMe dependfs on
the inten ' i Qui - e Y ter transm ssion for
| ong -vvaveﬁgﬁ%l:?leedf ogge'rs&%%ratl- \%g\'}gc?c'%%{’? ?%9¥s£§£%n‘?e%%g%us initially to
decoupl e the short-wave light. The incident white light is non-polarized

ng \tNL avEl ﬁiéhr-pl!?fhgtr}éﬂmﬁt !&tj.ﬁtﬁlmﬁril §Hb3§dé@y£ﬂ§a§éé@i ds’béltlt&fd a )é.?b&}e-' ayer

: ich e.g..refleq ri -polari ze in the b spectra
conponent ’Bﬁgtﬁ"aﬁ%ﬁﬁgi‘tt ﬁgul’:égt }Bo?ap?ié%g%r&bﬁpon%rﬁ ltlt‘?g’r%eo‘ti%.ur?ﬁeaﬁt her
spectral cbnpdientss iar diabssetir ansthet fdcudhef refpactied ild ghirrios ref | ect ed
at mrror a it Isrecti f ri i i : I Gt pr ocess.
The Iight,§§/hi 2%% sﬂr?%vlvd| %??.988 a%?%ﬁ,%%%?%ve oF l%r%ﬂ RS P’?Pst i qui d
crystal | a§SFPHEafd MEREEs Of ha2WRTF chavinY HEL E5g4ens ¢PSSHFirdh i s downwar d
in Fig. 6.sdheciindnsy foedpredhecpnlapdzetizedhihitse rigfdeaat edlat thee second
liquid cry 4 [ I as.t S £ ge i kewi se
| eaves thel.§ %%T‘c’zge%gtll:&%e’? g)%l&—? O%lgd%t.: Eﬂﬁ% ?%\%a%gie/llnés%hgg\%%g%t’hg{%?gangenent
at the exittsigemdredudnt she ferm-ef rauparabbrlarkheam iion theddégrstitute the
entire bl Ueiﬁﬁﬁm[t%@ia@fiohbelii.é(}iQ@Eﬁhé Lﬂfkﬁhtlz Tﬂe_ﬂéﬁﬂﬁimi n}helsa%h&gg "
conmponent of tI [ travel.s.to the t ui riystal | ayer : ere
co et ore Shate am o PERaTiEhE i D8 A bbbt o SRt ESectr a
range is relrewiaadprierdasdt hntoelinedr wpdbarimsdrliiodht .conponent is
transmtted. The reflected green light is again reflected at mrror 54 and
its directjon_ of | ari_zation,is reversed, so that the_|ight has

eft-ci roubar polt 8 BheaNiSRa STEE. S9RPEH ih et SONARELES, The
transm tt edigr een allimglstt LO0kefietd eof gtoldmeldedjuligyhar,ydttalisl &per thé and

|1 kevi se | paves difte 36538080P80 danddf,doviasdt i ditorTheakO beams

have uniformleft, ‘arization_and constitute the entire green conponent of
the inci detd™® ("FHCh FReIRERBENEFRE radl & orpthehtcHPAlde izaghenr eaches t he
last two liquid crystal |ayers 52, 53, where the sane processes occur as

before. At e £ 1 | e v ded j.nto.thr ectral
regi ons anE_c#%'l v‘e%%l?mgf érh]g?%ﬁg‘g%l %r?llszcg C?%rghlr*éjtahéﬁ{}ﬁ%élgrségé%?al regi ons
are chosen-%% iyelenefhchaed frama N Hguted white ddghtebepsi gre
spectrum Pregdd=caleby.NOThi ghe sS1adsd®dvaddl dtp-raGidgienyayeheageh regi on,
a single cfo%he:st_.%r it el &gglg ﬁéy$é%1 | ayegz‘;ﬁol ix{?.t t%e g?ii §ht N nLo a
conpletely Jt ansm tted o?‘r'p% n ith TGS aﬁn-p?olpg 2788%Fn one

direction bxgha c3hpgl sestyof etheclight dipdrransmittiteld uaddmmed| andpol ari zed

in the oppesi te diakeel bAR1L1PYpAGE G W ot RAMANIaze$o1bPeReEGr e, the
| ayer can athfﬁb_g&used in transmssion and in reflection as an anal yzer for
i~z

circul ar pbt ) FERECTHRS (TAMRTHRRES D F e Sonl y 1ight influenced is in

the active wavelength region, i.e. the wavelength region nust be selected
by anot herthﬁc@%Eé%f”@?%ﬁi%é eéﬂf% Qe QN a@%s%%t—_@iss\ﬂgaéﬁgﬁggt h
region is reflected, 1.e. e layer also acts as a mrror sensitive to
Wavelengtfﬁs' 27, 28. They are disposed so that layers 29, 30 of

cholesteric liquid crystal are situated between them. The

middle prism 26 is larger than the other two prisms 27, 28,

i.e. the short surfaces of the middle prism 26 are equal to

the hipotenuse surfaces of the other two prisms 27 and 28.

The izlet prism 27 has a short surface 31 which is at right

angles to the hypotenuse surface of the large prism 26 and

throuzh which the light enters. The other short surface 32



The property of selective reflection is also suitable for conbl gg'm'@ezmlz
functions of an anal yzer, wavel ength sel ector and beam conbi nes®
correspondi ng device is shown in Fig. 7. The anal yzer substantially
conprises three cholesteric liquid crystal |ayers 60 - 62 di sposed parallel
to one anot her and spaced apart at 45 to the direction of incident |ight.
They have different wavel ength selectivity and the sanme direction of
rotation, e.g. they all three reflect right-circular polarized |ight only,
or all three reflect | eft-circular polarized Iight only. The arrangerrent is
made up of twef prh&sARBY A SHadingSadpiPal & e hrfF oS edt-®ond and two
rect anlgul alrI lﬁ@ﬁl:@dbmdgardo%rﬁn% Bg. afl &Btéﬁzh&tfﬁ%e’ @cﬁ deaifriy euslpbquufl

crystal cells_can be dispose y.Lh o] der_ bet ween S tes
(cells) or Iigarder & mﬁdoﬂ?ﬁer& 38&% cry%ﬁ%poisaey?%se SRRk (?gcr%%sfgglrl%l ayer
60 refl ects eablyrdignossd qllame peverszen ¢eyhs, ior tiwlimare copddngsl on
region. If thﬁl&{g deft; beam 67 corresponds to this spectral region and is
right-circul ar polarized, it is conpletely reflected and, without being

i nfluenced, travels through t he ot her ~1 Z JUN 2002 - 11 two liquid
crystal | ayershélindiXidrmx tded lexktedi kgt béemahnl Yy eton-Hed axdredappl ies to
beant 6 and £9% [ ared ha o eah 8a0-Led-specllalofetlaag Jf dgage ©7, 68
and fig cont a| h ot 8r Col our o her ari Zatl on conmponents,

t hese conponeHPROSH%E %trhgé’fcl‘eéféalbﬁtP%%’f%%%sﬁ‘ﬂ‘ed {HYiSud® the 1iquid
crysltal :ayerﬁndidaﬁém }:@a%&ﬁ@iﬂgt aﬁae"cmnﬂ@f\f enéﬂé d:h.&fxﬂfazr e,ngt he"alﬂafkyzer :cs
conpletely transparent i.n_the.direction o i dent t ther formo
a three col out* alcylfe u313§: FRHRA Izﬁ&ch')Jggh% nﬁh? hJInCJ' na yzle:L %%t\}%ﬁ liquid
crystal |ayerscapwsatd firefd ddgiubd aryseal hlaves Ry atsighs diSo®.- gThe two

chol esteric | &gddeh Csra'%rﬁat ﬂy%hez&ts 71?1§’£’€Ié‘$fé\ﬂldzn gAdraGlon ighe.
di sposed bet ween thg adj acent smal |l surf aces, of fq %Llji pr.i sns cor]bl ned into

a cube. In thtge SHe D Pt BFth%StW%émpﬁ‘?ﬁar 36T o lfot arrive
paral |l el to oneflrmidieranduti tisr direbtien dof fpokat iz triewt iisnsevelrseleam 74

for bl ue comg, e doif el Lhecdian o anchie, el sotpdaat the |iquid

crystal l|ayer 72 e red region cones fromthe right in
the drawi ng amebindersd éé‘tr@&g&t thaefiTafi %Ilﬂ%t%ﬂyslta%;erz%fn THE bF‘een
col our cones th@nfcd\weE ian lielfe - dﬁ.amungragsmﬂamiercarmm t3ad urhyznt ke |iquid

crystal | ayery Ja%eé fthteh%resjégre a%ﬁ?gf%ave J?%]e & a‘i’l'é.e(&r BBEFH:' zed,

the liquid crystal |ayer néeds |rect|

rotation frorP% H&9 |1qlﬂldle@tys}tlahtl ayayely 1thieugtp. thﬁ fdrstalldgudgect ral
conponent s m@ﬁyﬁae..wl@-i%lry zbeaﬁal Béﬁl@lﬁ@ﬂ tHOddvhd g ilde ary£@alsi nce
otherwi se th coul le with gccln%icht Tlsldsoe: no}_1 agplyto
the bl ue and our sisﬁé:gn?‘a .b%qué) %haﬁ’oeﬁe t's & §'R8E"r &7 ect ed
at the respecthate JJ'CI duaisd a@pyswamatawmhe L$ape sragstedl sedleicsiyisvdbyposed
in tlhet path ofnd r@gagl%bhllgaetbeﬁngf Efotat?f?x?rp!rdmclﬂtﬂheatfqrtshe&thmé y
nmodul ati on process e_described_herei nafter_ i e case 0 ection
sygtems FYTR L, 36 fg PP %clf?%‘f'}tsysft}e‘?rslelf&'ﬁd'rlcl"&f g tafs axe
known. They cbmi'm,semal Itrrglntsmsbtredebyatl'm)lﬁaurlraterlldmmdceryatlailqﬂradecrystaI
display cell ;o andloraecdayheeeipds fodidl BLRLON d:22% 23y 9608k b, thRgCase

of col our projection, use can be_made of colour filters whrch filter
e.g. the thred prik%eaiiyecdpotps F?E‘ﬁr?healjiegqﬁ Gflrrtﬁﬂltaﬁe@&irr&ée DBB&Mdi ng on
the el ectro- ot ivten dftf eeavesedhenpdheridap paralidtedl teeldhe, fhilkstanal yzer
may al so be quiffted (nedm 57 LRecguesihost; gffect). Usually the Tight is
split into thr ee separate beans, each containing a liquid crystal display
cell for nodulating the light. The three beans are then superposed on the

proj ection screenightt hmeeaar Qbeeim@ntﬁeerrsow &5, tHaY pmerfllzrest igonbi ned

and projected Ve |n I The id cr stal di_s Ia e of
any well-tri ecfgk g‘ gt 8?3? I%j R =i gh RS C%&(i& E‘ETEFQSBE)
DHF cel | s, SSP@GlééMGS 1lghesv.nhbe@ @@3@ T tsEll sangeR céibbtedn. thel

these cells Al R b)éaQrDGBaBQQSMé hed fE‘ﬁHcharx‘a%@i |t'rﬁk)ElsNQ§£oﬁ§ﬂ1| S

roduce a ph hi f.t, dependi on volt between t ections of
P ar s vari on S8 S8y Che "EEROUF Horty | SrEs and JaResuary CHestphogh Lo

pol ari zers ardB amaltheersgateocpathe od.nfa&ulr;g.sur table for these projection
systens. If the



light has to be linear-polarized, the circular polarized lig b
converted into linear polarized |light by using a ~/4 plate, befu:i)ZeaﬂN ?“uz
reaches the liquid crystal display. In that case a second ~/4 plate nust be
i-nserted behind the Iiquid crystal display and in front of the analyzer, in
order to recover the circular polarized Iight. The construction however is
sinpler if circular polarized |ight can &e used directly, since this avoids
the two additional a/4 plates. Owm ng to the excellent light yield fromthe

projection syst escri bed here, yper.i 11 kno

proj ecti on tagﬁﬁag’fh?‘%nEéﬂn% va’f'ﬁ% ﬁ alfé'z Q%‘ ea""ﬁ‘i% 2002 -
13 large- arpeﬁammpec&n@ncoxﬁtaimimgl tdrq&i;ﬁctmasplcay\spnengs fiot video and TV
proj ection. a 0 t fs n ed al

i spl ay ool FE o ERE e eng O e | e R g R e R gPoar at on
with circul d2&58l aaw:@a qi;gﬁ@rer.lt eSP§thHe S&lﬁé&waﬁYof PBFRERGRF on i s

rotated (m@qs@@edﬁace ﬂumlt:aﬁ dﬂﬁl p@q)anTzhar% m@m@aeaheoénbhneelsgtm opti cal

effect is n&l g he_cas 1gllrcu Cpo ar i ed Ilgma bgt
i nfl uences t'H& pdsi ?Poﬁrﬁ?‘n?%e%l SHEME S ﬁ@ 8pt-FRtint +EP J'rbf doubl e
refraction ttdnr@el Epebtr&heszngds$ ,cam hd1@0cr§§euefcetlhérdmubmenemms ng

conponent, ta@esﬂeﬁﬁelﬁht‘{% b@t%téﬁﬂwwtm@eareaaaeaehedlsnathe i qui d
crystal is (n+l1/2) tinmes the wavel ength 1, circular polarized

light alter eFFtSSdFF*EE‘t‘i-BnO%ftrI‘%?eatR %Iertshé‘saﬁél %’%Er Ps sehsitive to
direction ofcomptatesnfies prismes ety ivals eff equiadnyiaesantichaviey fromlight
to dark can *ﬁ%ﬂagﬁo?ea&#é’a@és'j‘bﬁ%% GRRRcfler! Bﬁ%ﬂ?é?ﬁ%&&rfx%}/ﬁf

ar an

working with circu ari zed t herefore, use can
liquid cr ystcé'lysﬂﬁépﬂ-é'!ﬁeE%l 49 whoze k?ﬁfé‘feé(ni SHelE BESBECEAVENBUFERSSY HRt t he
appl i ed vol cageaptodusesmal Ui pif L4rerpe i disbelseal chnthé23hore Hetfwen

sui tably defl n%ged ect :5932%021‘120' ari §atf|r% t{gesgggﬁhe en%gd?z of odoeratl ng

liquid crystal cél etarl
descri pti onhadi ﬁhhMW@m@ stcrﬂfacgas arpg equal kpgthe shews aumﬂﬁmr omatic

proj ect IF on %fsm? COPPET Spflgsrﬁs |419hi 430ur Q%eS%gEQE §{|1£§H§[:ﬁr3730$@:ﬂﬂeedf| i ght
as per 1g. Servi na r and wavel en sel ector or a
S nge chol STRLH BEEPR IS REvATLeL e de ATRRAGPHCE SUTAFoRs S dp el 83
for nodul at laggeheprighe hiss di spoiled tisgweontihg. polasi etseBlskutk anl ayzer

82. The ChOlsﬁ%"fQ&éC3éa:Y§rt§né e Adls, RAlsRS irzes 138€ et herpBal y&&ia can,hahh be
ise a nunbéer of cholestéric |ayers. with different

mul til ayer, r

active vvavelléﬁ Fh4$”{3? oSO | H TP LS TESFoGRBSRREY CBFHEP Thidnd | ~12
JUN 2002 - the Fhese hawbeipmisaw 4ir.0j ection systens conpri sing other

pol ari zer/ anal yzer conbi nati ons can be nmade triple for the -three primry
colours or nore than triple, i.e. for nmulticolour projection systens. A
singl e | anp®n&92b ERFFIRTHRT RS EIPENPEGER 4P bst#ﬁ?edb?Pq’ﬁﬂ ¢i99 e

plr oj ection aptiealt s.eyfdeert?n I’ﬁlidl?ﬁcpidsm Gh@@ltOldlﬁrfraééhbfl%tﬂw Te&ehani cal or
el ectro- opt o} e e n-t he_p ion
sygtem Fi 5.8?% H'é"? 4ééol oﬁirS (I’Ein et on%tg? hg%ek Er’%s}sh C[aéppoo éfl zes 85
as in Fig. Be‘é‘ﬂﬁelant%dlwe%%§qrrfapﬁg°f7PrASW1ﬂ§ealih@)nﬂ}ﬁ)l%hqried

i ncident |ightrbeannBtis Wingdlediisat ast.hr Qﬁechfﬁﬂhgém@@i afneackdieans 87,
88, 89 in dlfferent S ectral s rg%es 3s ge F pre%/&ous descri.ptiqn of the
pol ari zes i APEP Y% TrhdiEe srayetel f8 Rfbdul®at i ng
each col ourlag‘elcéh@mm ilavdns pave shet hemehweeebelamh ﬂ@tmsittﬁrve'e:m iquid
crystal di sph@Yogsdd Scdo1a33 A8 ROprbbapedeso that the optical distance
to the projection lens i's the same for all three. After travelling through
and, if required, being nodulated by the liquid crystal cells 91 - 93, the
three || ght Theanep e fraamemninifnethel siegoadsangl ehbefousth i latde pmainyzer as
descri bed i g; oM dCH] Oéhewsta%e':'pg.agé afl ghelg‘eﬁg@ x%pé’tkfféczﬁe I %S in

Fig. 6 conbi ned w th an anal yzer in g nvent| on ace
mrrors 96 SR} DM REST b 'glélléionﬁat’ﬁerﬁ 4fFting coatings 54 and
55.

In this arrangement as before, cholesteric layers between
or on flat plates can be used instead of prisms.



Finally Fig. 12 shows a light source 98 as in Fig. 2 conbi ned \y hm 9
analyzer 99 as in Fig. 8 The lanp is disposed on the body di a&Za‘ fZUQ
cube 38 so that two opposite sides of the tube can be used for positioning
the cholesteric layers or the mirrors opposite them In this manner one

| i ght source gives three beans, which are circular-polarized in the
respective active wavel ength region. Theganal yzer is the sane as in Fig. 8
and the liquid crystal display cells are disposed on surfaces 100 102. A
tilted mrror 103 is constructed as a col ourselective |iquid crystal
mrror. Mrrahe &6dpouttOfceqrence dfegenfisNor0@de- ihbendedmase surdiase=e= mrrors.
The three col a '!neq_cg i I : AL )j ection
syst ens hithel?#giﬁaégyﬁgée:%r% ansm%ﬁgegggelﬁg?%%\s/é% %%g%%ggosed

pol ari zers aH@VEnaP§2efQr dFRem SR Vsuildabite £6r LFefdVaRERGROSS stibrplal-
Reflective pigj est 86809YH eifke Al rAWaveullaphy .advant ageous for " TFT"
applications, since no light is lost in a non-transparent transistor. Fig.
13 shows an exanpl e of an aforenentioned projection system Light com ng
froma |ight Theuipelddnt athite Hight3 iiss ngnvipgédrazednand dtxavnkd

cholesteric kayslighlénd NefReaipidin/ixdi Rg tuRe r113+and-Qnd Yoihe: Lor rect
colour with lihe corélect ci.rcul ar rpol arization is re . ereas .the rest

! flected
of the |ight 1PESFr ARsnfR1EY. Fhe ﬁf&ﬁFtﬁhéﬁQPFaﬁeRr%ﬁ?‘%ubhg C 15y 5he
crystal di spbayecsbéctiddl aruhpceheanef lagcit edaatmitsr ohe 1161 t +palat izaijai n
t hrough cel | A0 styd th e LVi , i | vzes qits
circul ar pol g%&é?ﬂt Ion %%édé%ﬁcc?w t%g%s%‘i%gkt_ ﬁgg(rgé%%gc%%cﬁeﬁ? %’f(zaec:aulssgj its
direction of tparaRitEed on Thes nefdectefetd@btatsnrefbecuad. agminniomsd tt ed
| i ght Candbeaﬁﬂojr.]€§t@ﬂi*é&t_jfdrf f @@mal irlri_edtwohhidi fé?éﬁﬁdcmgunﬁeeq:l\x/lld-ght f;om
correspondi n erpolari.zers. .ln a_liqui y .1 0. etc
equi pped w t%eg%f egr‘Flg € %ﬁzﬁ’i V(}Jué%ecltsr 8nf¢c§8f%én§%?%?£€%%’ ecfatlar%:tﬁrro‘z‘la"é?'sl\ﬂ
act uat ed by theowghnghstioirsdsf ldaaidpexgstatelapast 48cand AVAY tdes. The

tse_t of t th hesedé{trﬁééjr&@%é@ﬁttit ts:itdaé_s, Ev:ﬂ@.cﬁi 'ilét)&c:ﬁ%@az_:iﬁimef‘i@.edd I ghthet ravel s
W ce roug e | gu C, S 'S | al SO er goes a
Hourre Phaadbeiieplt{by 1eH Rt 2l T oRE' LeiBerededh o4 e RS
doubl e refratigoid mrtstzd dalyerhdlef, abighebhasathe nsame rearemiarsite di spl ay

of equal thigkness. afdie ihARIENRAVSARNRE4EPHEe CYENHDI S cONPAR!, 1 f the
| ens and tube are usDed as _boundary_ surfaces for the cholesteric |liquid

crystal and TRetHE® Peams JeRViGFzThe; 8TTARIRMEDt cRF | the &Xif rde PaYSes the
tube as a boumtfeym sieft-adeculdtlppdasibhelionnbhdatomsisioftegpalteri zers and
anal yzers cag,bg £q0g! lin;%n%ﬂtt Be kasi §n9£dé€_ﬁ fP&?&hroﬂ?é'rCem%)i%ti%@ In

r sysiens. e ref |

t he sane nmanner as wlteLL&t% nSm ssi ve Sy ection-fypée .

proj ecti on sYRYEMEhGAPRAReRtgOfatEEnLaPRs SHAVALS 19 gHte SBtkce MgUif rror
20 and the ciwtesileriaydd Goi,dwheyst ak bayete 2g¢haht tdh c-arverdlart pelarght
into the righj_-ci r y LSLMm t i A cribed before.
The |i ght arﬁ%‘?n%‘”%%}%#ﬁ?’g IF?’SWFL:%%& gg%ﬁ%%ﬁﬁ?%é?& %h.oeles aetr%l’il%c l'iquid
crystal | ayerhemmRofthepdesitre1ErréaraPPLyr a2 PANGREPRRRY I tiggise of 45 in

the light paifxeedi s mRcoedlebekasyeees Ligherigdeident sdiedea@magortion,
whi ch has the sel ecst4| ve .bandwi.dt h er. as t-circul.ar beam

hy g_f thefil% ari.%h 5
by 90 to a CoHiHat) ofost *551 FHEFGTEPYsPhI PREFT1ADY Uhd S TRTFSEF136° The
cell 129 cortkEathshe filghtrumaspileésrcpachlar f pelanisa tisiwend eanadeavef

state of ~/ 21y ALdemBURDEBWALLEERLE mer@pinsaﬂ@ecgeqﬂeérmig%a@ges t he
circularity of_the cjrcul ri zed I%gﬂl}él nto the left-circul ar node,
n

rly.pol
wher eby t he GEREATES &F i€ ecﬁé &8 SHEFRe §T | DetdWh HkSKLSSr 130. The
ri ght - ci r cullsravdagghther efrlrengeniehtoimnthe odowB0ard dihmsgecdragaiThel nvo t he
| eft-circul ; 9 . ohi bi t yﬂpssccjtg%%l er 128.
The |i ght oﬁ‘%esa{adyej%taﬁ)eé %gl%gov}\n% d% %ﬁgf ﬁ?ﬁgygﬁgﬁéﬁ eafrlfgc_ci ayer 1 itz%r_lot
def | ected arfd 3} 8 ERe COPRPBANE 0Ot hENE| YRFident light. The remain-

ing red component of the light reaches the last two ligquid
crystal layers 52, 53, where the same processes occur as
before. At the end, all the light has been divided into
three spectral regions and given uniform left polarization.
If the three spectral regions are chosen so that they cover



The chol esteric | ayers can be nade e.g. fromcholesteric materi ¢ a
helical pitch p < 1.5 dun and an optical anisotropyn n > 0.009. #?ZJUNVQW
chol esteric materials can be cholesteric liquid crystals or glass phases
having a |l atent cholesteric structure. Suitable materials with a
sufficiently wde tenperature range at normal operating tenperatures are
known to the skill ed addressee. ,~ = 19~k~I ?002 - 17 The material for
produci ng the cholesteric |ayers can advantageously be a |iquid-crystal
side-chain polynmer with _a chiral side chain which has a cholesteric |iquid
crystal phasteoenaigeasss jihbs espaicttruphobesteiiceliyroet Lightanids al so has a
helical pitgh.peg. 1.5 umand an optical anistropy n > 0.09. Polyners of
this kind are known and conmercially available in sone cases. Exanpl es of
sui t abl e substances are the foll ow ng polysil oxanes with a cholesteric side
chai n, obtairpabhe A¢0ivé heahonsaeh weyfiivh, ehekingtéetholesitestid e, Mini ch,

under the fol.l om,ng_type si gnati.qQns: pe. i i on 2649 C

4754 C 476 cayBo e Sosy TRt AR R, DT 1 087 BRED £ %&%&%&o 0. 540

0. 678 0. 600t0ans0itnedheserpunmeindchais gigrusartrpehariiesh ¥emie ature of

about 50C aagr@cﬁiéﬁiiﬁ&aﬁiéﬁhﬂﬁ@@ﬁqgaEHEQe@EeébQHﬁpéé@K% witevid h of the
e

ref lection bands is about 60 nm T mat eri al,, for groducé n%t e

chol est er i cCRAGRLT Rl ey iz ridy &PgnPPPRELECALFESEE L 159 Q#lﬂg?%tal

m xt ur e havwhghatheppd Laatizey ,saheapfors, >theOlaped campalsd e atsedhati c
pase mater! gl 20G.ORLOlo R A tl1A8RABRSAL LA GHATYAdY LIl @ tw st
with the require e |p£f pﬁ{ch p<1l5umin t%e nemati c matri x. The
nemati c basEUHBE ePPBRAE SFRSUId IFtve APSHFRREMERELPwi Bee MHef i L Fdsophase and
cah prefer abh¥1con®sd Sts tD e FREEveOwROBRBhGth Aréqige, nunderthef suitabl e

conponents an I xtures are known, T i SCcl4 bed in
connecti on %agﬁf%?%ﬁi’ dr%?Jstr} AUSE ESI ggxaggggeg? gaqr%t}tri])%ﬁno%felﬁllem_ar e
commer ci al | glawentabl n yefilention,t ped¥ wheeffhiveWwavelenatminagdon

references i§ sontained, & &, ivheD1aPAUS18L abes &bidSHimoKderiald e in
Tabel I en, VvEB Deutscher_  Verlag fur undstof findustrie, Leipzig, Volune 1

(1976) and VOVGnk® 23UREAIPrhe desired QL2 JUN 200Z - 18

The property of selective reflection is also suitable for
combining the functions of an analyzer, wavelength selector
and beam combiner. A corresponding device is shown in Fig.
7. The analyzer substantially comprises three cholesteric
liquid crystal layers 60 - 62 disposed parallel to one
another and spaced apart at 45° to the direction of inci-
dent light. They have different wavelength selectivity and

J the same direction of rotation, e.g. they all three reflect
right-circular polarized light only, or all three reflect
left-circular polarized light only. The arrangement is
made up of two prisms 63, 64 having a parallelogram cross-
section, and two rectangular isosceles prisms 65, 66.
Alternatively as before, liquid crystal cells can be
disposed obliquely in a holder between glass plates (cells)
or liquid crystal polymer layers.

Suppose the ligquid crystal laver 60 reflects e.g. right
circular polarized light in the blue spectral region. If
the incident beam 67 corresponds to this spectral region
and is right-circular polarized, it is completely reflected
and, without being influenced, travels through the other



optical anisotropy n > 0.09 can easily be obtained by ch005|ng
in which at | east about half the rings -are aromatic, m Xt u?’g%?gnzhe

proportion of these conponents is sufficiently high. SU|tabIe chiral
dopants are al so known to the skilled addressee, e.g. fromEP-A-0 213 841,
w0 87/05017 and EPA 89.106808. 2. The proportion of chiral dopants in the
cholesteric mxture wll depend on the rf9U|red helical pitch and can
easily be determined in individual casesr~IT desired, any dependence of the
hel i cal pitch on tenperature can be conpensated by the methods described in

DE A 2827471400 fefiiy 233451382y bBsagdl thoNed iR D alhiNtAgRANS 10

conpensat e t e terrperatu cpendence e Fefraction exes as well.
Preferred ch#?aYafdpanteasémsperealte§ EEtP%@“%o%o%H%ISG%af\H ngP€he gener al

formul a: Ri- cZﬁedh Zaflnd?)redZEp@cZ%aBZrégloﬁsl n hidams SN faed Bhe nunber 0
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or -00C; RtmankdaZzentdépententlirgctdionmtef tivecidehtcdligift.an optically
active terpene al cohol after splitting off the hydroxy group or a chiral
group - C*HX1-R3, -CH2-CrHX1-R3, -C*H(CH3)-COORS, - C*HR4- COORS,

- C*H( CH3) - oﬂmen dorrcrd) ackhoeereoleonr analyaer Jgpshowpg in Big. 8.
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and C are alér@rdl@ds%d BRk@eBAl theUhdf dders %M@nyshﬁrﬁce@o&r gbarably
stands for - Rr referably stands_for, - h%o%f erre ?roup of
chiral doparﬁ?sﬂse ct°ﬁ‘§§'8 SpeREQl fyCHRE | veI‘l:o‘?ﬁJ’USurﬁFsseoft n which n
stands for tthe mhreer ptimahy cohgsrd, 4B =otd ﬁrlutegammellytdenme

1, 4phenyl eneanoedr{é}%uféo@r b%hmﬁétﬁﬁfﬁéréﬁ@%ﬂé’éﬁ%&y h%(ég%@amcyﬁmo

met hyl and/ or nethoxy groups are replaced

ni trogen if #%m%coszaﬁaozzteache%ﬁd% hf HIRET AR éﬁt rséﬁac Z3
denot es - O0Gedat Zhedédqued cEPExral Rlayewl RZ | rriepasedent7lSy fdenahe t he

radi cal of I i e I t ng.of f the
hydr oxy gr o?&%?’lég&%hl %gﬁggrggogﬂ Eﬁ?%%&coﬂp ﬁzﬂ&@%d %‘h %E denot es a
chiral car bd"ri‘-fd-tet?rﬁedxﬁtd§ﬁét éé@%@loﬂﬁta%rﬂ%ﬁrn@l cydmS, SFEERyFOLPUT

nmet hoxy, andcdn@sd€romeababkylinothal kedwing HEel tiey Mrahofifhedy bgnehe

Mo pUbt SO cBUBRLL uhodc DYy bl 0Se uA00: T Y candl gt hoxy, T

which 1 or S are’r rogen 1f Irred accordlngto
the inventi &F9 N@M@é@lgréeésrsa%, a"shq m;ﬂwah Il@dleé 13, nep@enyl ene,

Ch'ﬁrf -i jﬁ%h%ﬂ&beﬁﬁe ey 891t% %ﬁ*%?ﬁ&dﬁ“bfZﬁé%é%faha&Qb% ﬁhﬁhgﬂﬁuﬁﬁe
YT i i ne- FEBRARy LY BEFadi NE03. BEui yH 1oy S AReA MERES2 GPYRRBCRRE i ke,
must previously be eliminated from the green beam 76, since
otherwise they could mingle with the outgoing light. This
does not apply to the blue and red colours, since false
spectral components are not reflected at the respective
liquid crystal layers.

Liquid crystal cells are disposed in the path of the three
light beams 74 - 76 and modulate them. The modulation
process will be described hereinafter in the case of pro-
jection systems.



The expression "hal ogen” conprises fluorine, chlorine, bromne Torel
~preferably fluorine and chlorine. .12 JUN 2002 - 20 The exprizwbm

"radical of an optically active terpene alcohol after splitting off the

hydr oxy group” denotes the -T group of an optically active terpene al cohol

- having the formula TOH The expression "tcﬁépene al cohol "™ is well known to
the skilled addressee, e.g. from Ronpps m e Lexi kon, Volunme 6 (1977) and

denot es al cohol s derived fron1nonoterpenes The expression ' nonoterpene"
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2- pent enyl , 3cé3]ultse,n)tlh,e 3naeykeﬂYmay4apmtmydm&-éueﬂmygi it khapt guyst=zd

the |ike. Myfactie gh chital) dopey eserdhed l&lttohee ree
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pitch ? was reaisurees aabdaz&lhe &H@ ipcbrh@w -The |dh%teeCHé%H\%t as.eatﬁéustal line
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32.75 wt . % ~'kgyentsylstémsyanvbaPhefiyt st 18rdingd %nd prejegited- byaao~
: Phenyl, 11. 46 jM1..%ang0Ct Yl OXy-4-cyan bi phenyl, :12 JUN 2002 - 21 5.73
wt . % 4" - pentyl - 4-cyano- p-terphenyl, 4.09.wt.%
4-[5-(4-buty|phenyl)-2-pyrinidinyl]benzonitrile - 4.91 w. %
4-[5- (traps- 4t Nyilgoydl ohexya) - 2i gylaym ok Yy |ddeeonift mnlyewé1d:tniedo
4-[5-(traps- 4epent ykeye! 0Bexyl) @1 Py | A Al WIJheRAQY ehhe (sw, ssr),

DHF cells, SSFLC cells, guest-host cells, DAP cells, ECB

cells etc. All these cells are usually operated with

linear polarized light. Most cells produce a phase shift,

depending on voltage, between the two directions of polar-

ization set by the linear polarizers.

The previously-described polarizers and analyzers are par-
ticularly suitable for these projection systems. If the
light has to be linear-polarized, the circular polarized
light can be converted into linear polarized light by using
a A/4 plate, before it reaches the ligquid crystal display.
In that case a second A/4 plate must be inserted behind the
liquid crystal display and in.front of the analyzer, in
order to recover the circular polarized light. The con-
struction however is simpler if circular polarized light
can be used directly, since this avoids the two additional
A/4 plates.

Owing to the excellent light yield from the projection
systems described here, they are superior to all known
projection systems. This can advantageously be applied tao



18.14 wt. % 4' -[2(S)-nethyl butyl]-4-[2(R)-octyl oxycar bonyl ] bi phen
0. 320 dun. Direction of helical rotation: right Tc 45C, ~n = *&Jﬁﬂxzﬂl}k
2 3.86 wt.% 4' et hyl - 4- cyanobi phenyl , 2.29 mﬂ.@64'-propyl-4-cyanob|phenyl
4.37 wt.% 4' - butyl -4-cyanobi phenyl, 4.71 wt.%

4- (traps-4-propyl cycl ohexyl )benzonitrile, 10.57 wt.%

4- (traps-4-pentyl cycl ohexyl )benzonitrile;313.75 w. %

1- (traps-4-propyl cycl ohexyl)-4-ethyl benzene, 11.91 wm.%
1-[2-(traps-4-propyl cycl ohexyl)ethyl] 4-ethaxybenzene) 4.03 wt. %

4" - pentyl - 4- Quane- aréerpﬁﬁﬂb&tldh LE WMig¥id crystal displays, e.g. for

-(traps-4- &gg&gl &ﬁ@@ﬁi JtCﬁ{anobiphenyl 11.49 wt. %

1-[2-(traps- uty yl]-4-(trans4- pentylcyclohexyl)benzene
3.41 Wm.%4" -[2- (traps 4- but yl cyclohexyl)et hyl ] -4-(transi
4 pentyl cycl ghexxk] Bhpdesy | some 4F Whe¥aforementioned liquid crystal

-[2-(traps-,4-butylc )et yl trans4-pentyl ¢ cIo 1' -ethy
Iene dlbenzeﬁé g %4c%fi§6t€%%) q ﬁLramgters haee tg g mo 3
-[2-(traps- 44propyl cper@tmyIvyzeim3d1]rcuyalrope>lanezeér boggtici.e. 1f the

aci d- 4 Cyan@@?@@ﬁloﬁséfr éﬁ(yééMbnAhs rotated (mode guldance by the
4,4"-di -[2(S)-octylox car -p ter phe 0. 340 Direction of

heIicaI r ot afPom*’ I ef ThER c°WRﬂ§%ﬂ¥ °f0t§$ ﬁﬂﬁFGF@ 3P31c®% %ﬁf%%t is
4' - pentyl - 4- apanabedphemythe as? oft c¥réulbepbyladicgandbgphertylt it 12 ~uN

2082 - 22 1 {{rTuandes oG R0recw 320RWRNEAYLri zers and the optimum

ratio of double refraction to cell thickness.

If, in the case of the double-refracting component, the
phase shift between the two modes propagated in the liquid
crystal is (n+l/2) times the wavelength (n=0, 1,...),
circular polarized light alters the direction of rotation.
If the analyzer is sensitive to direction of rotation (e.g.
selective reflection) a switch-over from light to dark can
be made exactly as in the case of linear polarizers. When
working with circular polarized light, therefore, use can
be made of any liquid crystal display cell whose operation
is based on the fact that the applied voltage produces a
difference in pitch of (n+l/2) . X\ between suitably defined
directions of polarization. The novel methods of operating

) liquid crystal cells will be discussed in detail at the end
of this description, with reference to Figs. 14 - 17.

Fig. 9 shows a monochromatic projection system comprising a
light source 81 for circular polarized light as per Fig. 2
and serving as an analyzer 82 .and wavelength selector of a
single cholesteric liquid crystal layer. A liquid crystal
display cell 83 for modulating the light is disposed bet-
ween the polarizer 81 and anlayzer 82. The cholesteric
layers in the polarizer and the analyzer can both be multi-
layer, i.e. comprise a number of cholesteric layers with
different active wavelength regions, in order to reproduce
the colour white.



'-5.00 a=.; 1-(traps-4-propylcycl ohexyl)-4-ethyl benzene, 487 w %
4" -pentyl - 4-cyano- p-terphenyl, 4.15 :rt.;: .1/2 JUN 2002
4-[5-(traps-4-ethyl cycl ohexyl)-2-pyrimdinyl] benzonitrile, 415 w.$
4-[5- (traps-4-pentyl cycl ohexyl) - 2- pyrinidinyl]benzonitrile, 15.8? ~at. $
4,4"-di[2(S)-octyl oxycaxbonyl] p- terphengl 0.373 Wh. Direction of
hellcal rotation: left Tc 45C, do = leture 4 32.89 wt.%

- pentyl - 4- cyanobiphenyl 16 12 wt. % 4' - heptyl - 4- cyanobi phenyl, 10.31 w.%

4' -octyl oxy n en) 10. 00 % . s
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analyzer 86 as in Fig. 7. A white non- polarlzed lnc1dent
light beam 86 is divided into three circular-polarized
beams 87, 88, 89 in different spectral ranges, as per the
previous description of the polarizer in Fig. 6. Liquid
crystal dislay cells 91 - 93 for modulating each colour are
disposed in the path of the three beams. The three ligquid
crystal display cells 91 - 93 are positioned so that the
optical distance to the projection lens is the same for all
three. After travelling through and, if required, being
modulated by the liquid crystal cells 91 - 93, the three
light beams are recombined into a single beam 90 in the

analyzer, as described in conjunction with Fig. 7.

Fig. 11 shows a polarizer 94 as in Fig. 6 combined with an
analyzer 95 as in Fig. 8. Conventional surface mirrors 96

and 97 are used for guiding the beam.

Finally Fig. 12 shows a light source 98 as in Fig. 2
combined with an analyzer 99 as in Fig. 8. The lamp is
disposed on the body diagonal of a cube 38 so that two
opposite sides of the tube can be used for positioning the
cholesteric layers or the mirrors opposite them. In this
manner one light source gives three beams, which are
circular-polarized in the respective active wavelength
region. The analyzer is the same as in Fig. 8 and the
liquid crystal display cells are disposed on surfaces 100 -
102. A tilted mirror 103 is constructed as a colour-
selective liquid crystal mirror. Mirrors 104, 106 are



6~ 2 JUN 2002 - 23 17.10 wm.% 4,4"-di -[2(S)-octyl oxycarbonyl ] - p- tefzpagﬂmz
p = 0.365 dun, ~n = 0.23. Direction of - helical rotation: left Té&' &
foll owi ng conpounds are ot her exanples of preferred chiral dopants having
the formula I: 4,4"-di-[2(R)-cyano-1-propyl oxycarbonyl]-p-terphenyl, mp.
179, 2C, 4,4"-di-[ 2(S)-chloro-1-pentyl oxy carbonyl]-p-terphenyl, mnp.
(G SC*) 106C, SCr-SA 110,2C, SA-Ch 140Cisclkay. tenp (Ch-10 141C 4,4"-di-[
2(R) - chl or 0- 4- net hyl - 1- pent yl oxycar bonyl ] p-terphenyl, mp. 169, 4-170, 0C;
4,4"-di-[ 2(S)-cyano-4-nethyl -1-pentyl oxycar bonyl ] p-terphenyl, mp.
129- 131C;, 4pdtmall -Juriidde 21iBrowER) - Foat hikfegycatbony| rp-terquidmeld, m p.
168-169C, 4,4"-.dl -], - - 1- pentyl oxycar bonyl ] - p-t er phenyl ;
4,4"-di -[ 2( -%ﬁ%cﬁﬁf%ﬁ%h yﬁ@?icarbonyl]-p-terphenyl, mp. (CSA 137, 3C,
SA-Ch 139,3C, clar. tenmp. (Ch-1) 153C, 4,4"-di-]|
gg % - cyanO-zifzﬁUﬁnél %&jaidgt%h: ]sylatbﬁaeptgeamlartm Pavd 29 &C; t rhrimidisifve

- cyano- 1- hexyl oxygcarban - p-terphenyl ; .
4,4"-di-[2(§3§5 :%To¥§»ﬁ§Fﬁ¥Ikf£b8?§$8§§ca?%%%§+?%ﬁ?eﬁ%ﬁmﬁﬂﬁ%yzﬁfs. 171, 1C,
4,4"-di -[ 4R -dsmcB-aableylfor- pafyroryvar bvayeTd- t Rpheandivem p. 132.9, C
4,4"-di -[ 1§ samdiaxysanhary biret BaxylcR1hel Phedyint dddbusl 456 Crrer4” - di - [

1(S)-(ethoxggg{boqugethox -p-te&ggggyké

. 91, 3C,
ica ns, slnce no Y%gt f% a non-transparent

transistor.

Fig. 13 shows an example of an aforementioned projection
system. Light coming from a light source 111 as in Fig. 3
is divided at an additional cholesteric layer 114 in a
beam-dividing tube 112 and only the correct colour with the
correct circular polarization is reflected whereas the rest
of the light is transmitted.

The light then travels through a ligquid crystal display
cell 115 and is reflected at mirror 116, travels again
through cell 115 and strikes the beam divider 114, which
analyzes its circular polarization and now transmits the
reflected light, because its direction of polarization has
been reversed at mirror 116. The transmitted light can be
projected or first combined with different-coloured light

) from corresponding other polarizers. In a liquid crystal
(e.g. TFT, MIM, etc) equipped with integrated active elec-
tronic elements, the electrodes actuated by the transistor
of each pixel are constructed as mirrors. The set of these
electrodes constitutes the mirror 116.

Since the light travels twice through the liquid crystal
display cell 115, it also undergoes a double phase shift,
i.e. to obtain the same electro-optical effect the double
refraction must be only half as great as in a transmissive
display of equal thickness. The arrangement can be made
even more compact if the lens and tube are used as boundary
surfaces for the cholesteric liquid crystal and 1f the



4,4"-di -[1(S) - met hyl - 2- (et hoxycar bonyl ) et hoxy] - p-t er phenyl .
4,4"-di-[ 2(S)-cyano-4-net hyl - 1- pentyl oxy] - p-terphenyl, mp. 114 2 JUNZZMZN
2002 - 24 4,4"-di-[ 2(S)-pentyloxycarbonyl]-p-terphenyl, mp. 82.8C
4,4"-di-[ 2(S)-chloro-4-nethyl-1-pentyl oxy]-p-terphenyl, mp. 170C. As
al ready nentioned, Figs. 15 - 19 show various nethods of operating liquid
crystal cells with various polarizers. 1Big. 15 shows an arrangenent
containing a light source simlar to those shown in Fig. 3, the lens being
omtted for sinplicit ght emtted by a nonochromatic source 19 at e.g.
600 nnfiil§Pé6Yiv%?3h{aoP:ﬁﬂ diléer‘:é&li’a#s?ﬁgﬁf‘er SHAei #§ ¥ PHREAIYht in a
choI esteri gukEgoed crystal |ayer 21 as described in connection with Fig. 3,
either directly or after being reflected at mrror 20. A a/4 plate 118 is
di sposed behind the liquid crystal layer 21 and converts the circular
pol ari zed Righpossible icmminadlianiszed ppdhriz¥he andezndlireys ge@inari zation
i s indicatgd ean Houble A oW HasIN egl khélﬁohécﬂféx@@éf@ gﬁéuéaq tihe a4

plate 118 and nown manner rotates the direction of polarization of the
li ght throfgf %‘E‘“ET’P@’F% a&sed’lltpgﬁFaeéﬁlﬁéégeuﬁHF%’%l through a I|inear

pol ari zer behind the TN cell 119 and rotate it through an angle of 90
relative t h 110 f I [,O o] rovi ded no
vol t age i sea%p I edé?&(%rhe%yg)eel I%@oﬂﬁiggbo?}rg%éml éﬁ%m ?tho (F:hel | 119, the
rotary effeeRtainstagiidd aardd-ghite spughe, 1 i @hr?—'@rn I%e’%her&ch@t’ed cannot
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to the ri QQEC&Wt@LIQCHJ%l%%tQE:@E' QH&YddEﬁE{:QfdlﬁeéLhPﬁ igd dl rectly to a

TN cell 119. In this, neth of operation the cell ave g i mu
optical pi PRROSH S e‘ile"rf%’ela&flté( arpapggd-un ?rb%‘PV\%% ? St tdﬂ’e& f f and
t he swi t chiiiglvtn dtH . THifs tskeicendontblesherscf filltér eteflduvxcittheul ar

pol ar i zed Lightoaliehs Whsicn ph2 IHN GB02ce: 25 nllagpiben,Olotation in

transit, i, present case. An additional
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becones Op | ca uence ate p0| ari zation
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crystal | ay&11 lhlus Ahaniesexhk, c&beulwleyraﬂgeﬁ@r&_ﬁmanﬁns 15 and 16

deliver th {arlze'dqt)gl%?%;t &rtgg f‘lt e? ?%eé %%th ch)eur% 19 %Eleuse t here

are no polATTZers a i/ cohpar | S5, Tg. 17 shows
t he convemiwamﬁgemngeénpg%nngnarm%@ﬂ: orn 1@k ewirmgedm th |inear

pol ari zer Srﬂ@&lajm-ka%cﬁlaacmtghe egfwc@@aaff&ermﬂ@l?maqsw hs half t he

total |ight st .50% of t i na ten5| can t the exit
si tde. The %ﬁar AGD HRTR §B 23%9 3i’rffl‘é ??/e‘}m%gﬁb‘élctei%&g‘icz nfPest i f
di spl ay cetdrs wrimhddmisteddyt edssnthéi Sapernt2dl e. A negative contrast can be

obtained in each case without difficulty, i.e. by usi ng a chol esteric |ayer
rotating to the right instead of to the left in Fig. i_.n known manner

in the ot hete thighasessiger shat PARat Hred v n‘é%rtlb%lcé?c?lfe?"sert”rﬁ d84RT90 on the

exit side.128 is not deflected and leaves the system to the right.

The cholesteric layers can be made e.g. from cholesteric
materials having a helical pitch p < 1.5 um and an optical
anisotropyn n > 0.09. The cholesteric materials can be
cholesteric liquid crystals or glass phases having a latent
cholesteric structure. Suitable materials with a suffi-
ciently wide temperature range at normal operating temper-
atures are known to the skilled addressee.



Fig. 18 shows an arrangenent |ikew se based on the fact that, §2iJUNi2§02
16, circular polarized light is directly supplied to a TN cell 124. Zn
contrast to Fig. 16, however, the TN cell 124 has a m ninumoptical pitch
difference of d = a/4 between the switched-off and the switchedon state. In
the switched-off state, therefore, it acts as a ~/4 plate, which converts
circular polarized light into linear poharized light. A linear polarizer
125 di sposed behind the TN cell can bIock the linear polarized light in a
suitable position. In the switched-on state, the TN cell ri2 JUN 2002 -
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conpared with the known nmanner _of operation_ in can pay off, because
the charact & fstpe @Q&*?ﬂﬁ¥91ﬁﬂlyél*ﬂxééﬁﬁ aﬁéhnﬁcﬁh?%@@ﬁer¥9gleﬁ3 to 50%

t han t he vokhafes omtiheam\&rrm ehal KenBbEeLiah Oferelélotrodieagn. 19 shows a
devi ce oper cti T d . . .
previously éé@gF a*qg%éhﬁlqﬁgegogééigggégggg% g%%? %é%%?%f2993§4 bet ween
t he switched-of f and the switched-on state. In this exanple, a DAP cell 126

isrused. In ééé\éic_?/ﬂ@éir&ff state, thgkehGhCseliberL®d | raliccdom a/ 4

plate, i.e | ar polarized light is verted into |inear
pol ari zed Ilght géf% reflection at a nlrro& gg ¥he reverse process

occurs, i.e. the 264%ar polarized light is recbaQewhed to circular
polarized lightcigydpe (a/4) cell, travels tbrggghughe chol esteric | ayer 21
wi t hout hlndrance dis available at full int at the exit. If a

vol tage is appl?eﬁ {g)cell 126, so that it bgcgﬂé ptically uniaxial, it
does not influedc&7éhe pol arization state of Ot&edlumght. Consequently,
rightcircular 9?'ffl ged l[ight behind the celf j quﬂes the reflector 127,

and on being re ected changes its direction of notion as already
mentioned. The light, which is left i ~ ~u~ _ 27 «circular of ter ref

| ection, troness ptﬁﬁyﬁrférltemﬁ% taygulaesDAPaﬁeitiaa&érﬁpémmldfsta%iuct | ayer

21, where | i o a [ eC fl t. t t he
reflector ?:agn)r{(% 4(acq‘_’lrolse %‘hg&gg% % 2 o)? %%ut?llqatcﬁl crys cell,
so that I|g%%d%ﬂmﬂﬁtﬁhﬂ;%ﬁﬁ%ﬁ@ﬁapésbéﬁéﬁ &8 %h@%tf$¢ﬁ$%fan5|stors are

di sposed behlnd the reflector and thus do not reduce the aperture or

bri ght ness CtIV surf Ge re ele Cbnpar tlve tests
have shown qh %ﬁ% rneﬁ%ﬁ S |n QS gﬁ%igi%e%h qﬁ g i 2acC del i ver
about tw cePIq!l%EIIﬁrlﬂglnth?e@-s c@bleﬁeequahgem@tcmsﬁb mlj;qturméxae'mg al so, as
mentioned, &n rEsded 1l eadﬁefdteepymhhs oe@ylaed @%fﬁlﬁ@lé 3@HLiW th both

operating des of the st the one with linearly
pol ari zed 233 MaLET agﬁeowetﬁ crr%aamajpo%ﬁwea I ghEuantity
possib!e t olmtuuisnege o |tatisas wivehl ths Be@@predaMShaeai(pludhama&terﬁsumcs.
Accordi ngl y; o gt an%tu%%\é‘E%lW t o B, %?é’%faé &1 d1els@hgiaon

applications as we as steep curves an tlpIeX|bIe cells
such as e. 3 gepudSiciensdysypes- ?W%Y—l%éF¢%°%TF%S%Lﬂ’tdalﬂaél prefefs angl e
of light i nebhlereemprd seoect banmdbe cmwpdmém*zed resighesd rungpelr @y occur at

the |1 qui d groshale daplaueel Lial i PEOLECULON BISLET® didie g one shown

in Fig. n _order avol he contr t he ‘unpol ari zed
resi dual | |wn%>beee §G|§|§|ré§éé by pomRestieRr wkankiedlid csasitas to the

l'iquid C:’?/Sdﬁﬁ;:;l(ﬁysﬂ'eﬁic%g | &ndehlgn?Qiﬁi|ﬂﬁ'erﬁ)fa1'=lé\ﬂﬁl$r@ﬁérl7&¢lfl%s|a@‘d§h. }' ghtti s
very sna a e.a onal polarizers, cause only an i ni fican
weakeni ng oq?b%t B\é]l g Eé???c’f‘ ﬁ%’s}la% @Fufe’st%ﬁaf%ferﬁ?% C&8ver al
cholesterlciS|Q$muah@e¢sEab | apePs bémys féeraht, shidgige Kelistkilliet gnwhi ch
was menti Onﬁiaeqqfe(ﬁre\lﬁ% EQhEséH@E'%P}?&é OB s 2 UE B R 3ad T O

apprOX|nat%th|te &us to en
elpzig, Volume 1 (1976) and Volume (1984) The desired



- 28 bandw dth of a cholesteric filter wthin one col our regiqﬂ Eﬁ
appropriate conbination of cholesteric liquid crystal -filtersk 2 ment
aver age wavel engt hs the bandw dt hs of the selective reflexion nay be varied
in a sinple manner. 12 JUN 20D2 -29 CLAIMS A polarizes for producing

pol ari zed light fromnatural light, conmprising a |ight source for producing
natural light, a layer of cholesteric liq %d_crystal havi ng a G andj ean
structure disposed in the path of the light, and a mrror for reversing the

direction of rotation of circular-polarized |ight and disposed in the path
of the light sefiaot %i@bttr%gl i gqubdocoyséah éayely Khaiaheni ged in that

the light source is disposed between the | ayer of cholesteric liquid
crystal and tPRPIIMDHCOMPORRRSS) é?i‘iléég?o?tpf%ﬁu i%@’”ﬁol itz &8e| ?bﬂ?sfrom
natural |ightarecmonatiieg arl ayetunéschindest e rlomphtd coy wEt ahebavi ng a
G andj ean str i S ek t-h. the light and a mrror for
rever si ng the&ﬁé%n%tnsgﬁagf gﬁé??ﬂ??’%ﬁtg IEI?%:.LH ar-pol ari zed |Iight and

di sposed in the path of the light reflected by the liquid crystal |ayer,

char ag_t eri Zedsv.lirt_atﬂlgét c‘hﬁ@a'li gubénesystal ais”é’ﬂfndmlﬁ; wmecakillie?A pol ari zes
according to claim2 characterized jn.t e lig rysta ris
concentric vwéf%fﬁeﬁge?duﬁg'o%rﬁrﬁtﬁga}l" ?l%ﬁ é‘gl' K}%;qgrafsfég 3880%?@ to
any of cl ai m8P° +1®6308cRar aBher preporniomatf t¢twima ) rdmpardssphetheal . S. A

pol ari zes accHAiAGekd Chakilide DRI 3GLSEAT Sh ithd HAqulikeaMhEl 9Lal S _
concentric with the liquid cr A polarjzes according to_claim

tal |ayer. 6. ;
1, char act er iF2&¢ AEh &AL ﬁésﬁﬁu]i’% @%W%’rnq%y"é? indigiigysdegdagesan thyl e
of 4S to the disieetli,oangf dependancelent thegtielital Aiachr onekehperptwrkici ng
pol ari zed i r.o i @ht q@[' { r 0,€ i qui
crystal havi cﬁ%%afggj g‘gﬁﬁép rE%lé ére d‘frégo;se&{ucrﬁd{%i(fas gﬁ%& g}i‘esg_é_?éf’?ﬁ"%
mrro~or revesi F§-A-8 dRAcT3A- ofnraddd tin ot Mav Heardyansapeeds| F¥ght
a_nd_di sposeGanipenkae tRa-etmpéfatugdtadmidemiadof ithel Refrhbgubsl-
crystal -l ayer, characteri ﬁd inthat the liquid crystal layer is disposed
bet ween t~ pi'ée St rac8s¥6f T soscel es rect angul ar prisns. A polarizes
according to claiml, 2_ or 7, characterized in that a nunber of liquid
crystal |ayergcfaviag dhifgleabpspestdad solaig beraka dompossds one

in which n stands for the number 0 or 1; the rings A, B and
C independently denote 1,4-phenylene, either non-substi-
tuted or substituted by halogen, cyano, methyl and/or
methoxy, and in which 1 or 2 CH groups are replaced by
nitrogen if required, or one of the rings A, B and C also
denotes trans-1l,4-cyclohexylene; Z1 and 22 independently
denote a single covalent bond, —CHZCHZ—, OCHZ, -CH,0, -COO-

2 r
or =-00C-; Z3 and Z4 independently denote a single covalent

bond, oxygen, -C00O- or -00C-; Rl and R2

denote the radical of an optically active terpene alcochol

independentl y

after splitting off the hydroxy group or a chiral group

-c*Hx'-R>, -CH,-C*HX'-R’, -C*H(CH,)-COOR®, -C*HR*-COOR’,

—C*H(CH3)-CH OR3, -C*H(CH3)-CH2COOR3, or

2



9. A polarizes according to claiml1, 2 or _7,, characterized I%Wiﬂﬂz

7,./14 plate is disposed behind the liquid crystal |ayer.' 12
10. A means for producing polarized light, characterized by a |light source
for producing natural light, a spherical |ayer of cholesteric |liquid

crystal having a Gandj can structure di sEosed concentrically with the
| i ght source, and a mirror concentric wth3the |ight source, reversing the
direction of rotation of an incident circular-polarized |ight beam and

t endi b jall the hegi sph ite the liqujd tal
Caver 11 A reanS! ol a8 ol Binf B0 BaRather s s (TP ROV | | qui

crystal | ayerdepopes sEsuar imenbehlofrisacceysnve vavthebi dl}'rdrday,egth@wyng
different spegtr SHAGHINAAM:, §2- aAnRRaLSa8£60r 4L N1t ol aida 10,
characterizedg%nﬂéﬁgt a jﬁ%ﬁﬁ%Tate isndispogedgbehind thggiiquid crystal

| ayer. 13. A PRBPERS iRfit™ist em conprising a pol ari zer according to any of
claime _1to 9, an analyzer with selective perneability for light in a

certain state_of _polarizat.ion,. having.a Lay of2ch i i quid crysta
wi th G andj eaﬁnsFIE%c?{ﬁcee nsgpgg u:lﬁ {‘he%paghdo% t%%%sxt%l,f_aéﬁéﬁa li ug" id
crystal displdgnees|a diisyisedoyatilepsnbehd . poPaeferabhndehthal yyssr Aand f or
modul ating thgnang ensd ta) 10fa ln@ tRel, ambz8dphtahtuldfiy A dm&rﬁﬂyl@&e_syst em
according to ha|Q%g3 haracterized in tﬁat éh$4léﬁ#{ Gyst% di sglay
cell is Va twstP¥ Y SHaNGSuFREcr§Stal 2R8I £ ( TH°LY §Taag §PTary
cell having angbes. of twi st greater than or less than 90 15. A projection
system according to claim 13, characterized in that the liquid crysta
Ldisplay cell is an SSFLC (Surface Stabilized Ferroelectric Liquid Crystal)
cell.-. 16. APpPEFERELTSh PP REaCBoF BT nGOPBRES a# T 1O & i¥ed in
that the |iquadtivey dampalingzl @f €ekmula 3 DhiFwfDelf ot netthridd iBor the

Ferroelectric o 17 A .ectign sLe | im 13,
characterizedg?@?%émﬁ’tﬁ%g Fﬁé%%dﬁérgs?gf gighﬁgéé%égﬁgaéféf ﬁé%ornation
of corrected pheRekSneldither AoprspbetibBRteysPE R HTRE ¥ cl ai m 13,
characteri zethiToddid) cyand]DRecAl1CHAEPSEEChEEnbRY LTEndIAM RIGH hebent
wavel engt h se&gc tiv ity are _dis gsgd sugce55|ve y in th _pgparléeazand in
t he anal yzer. Q?I%BaﬁwﬁéébEFB a§§ t € Bhat Q8¢ 8rt fﬁfﬁﬁ}ﬁgaﬂﬂ ar L2y 4
accordi ng to €&l denehwd aa singdiedcovadentr Hordl af~ ctarnodes/i9Ca Badi 8

el ectro-opti c@gn&fdeciconi,chli anaRde Yhabhbeadytly nedionoldid 2@68cal - 12

JUN 2002 of an optically active terpene alcchol after splitting off

the hydroxy group or a chiral group —CH*xl-R3 or

-CH 2-C*HX1-R3;

fluorine, chlorine, cyano, methyl or methoxy, and R

C* denotes a chiral carbon atom, Xl denotes
3

denotes alkyl or alkenyl.

The term "1,4-phenylene, non-substituted or substituted by
halogen, cyano, methyl and/or methoxy, in which 1 or 2 CH
groups are replaced by hydrogen if required" according to
the invention includes groups such as 1,4-phenylene,
fluoro-1 ,4-phenylene, chloro-~1l,4-phenylene, cyano- 1,4-
phenylene, 2,3-dicyano-1l,4-phenylene, methyl- 1,4~
rhenylene, methoxy-1,4-phenylene, pyridine-2,5-diyl,
pyrimidine-2 ,5-diyl, pyrazine-2,5-diyl,
pyridazine-3,6-diyl and the 1like.

The expression "halogen'" comprises fluorine, chlorine,
bromine and iodine, preferably fluorine and chlcrine.



-31 20. ~ Aliquid crystal cell conmprising a tw sted nematic ui
crystal between plates ~ ;. ~,"Nt provided with el ectrotﬁs-’ﬂ"dznﬂz

orienting the liquid crystal characterized in that the (, "~ optinmm
difference in the pitch of the liquid crystal between the sw tched-off and
the switched-on state is ~ /4. 21. A nethod of operating a liquid crystal
cell conprising a tw sted nematl c liquid %ﬂ'ystal bet ween pl ates provi ded
with el ectrodes and orienting the liquid crystal, vvhereby the opti mum
difference i tgh. of ,hejl ui d. crystal. hetiyween the ' _sw tched-off
and the switc ed 3 Fﬁf‘%nlg (ﬁﬁar‘i{{toéraéllzeag‘ Y oA tﬁSrB%P? control s
t he pol ari zatdleehsolapstef sp]blidtmrng o ffc Uit hyslraxyz sgoupfhfienotes the

AA,[A;NAi |A%€ I:rrﬂ3%r/mﬁ'\w A0 Sp ey AdS 2 thrdeé A1RonB1 KRN AL FIA& - A Au.

A_F
Fwx @\L" kqzu OE“‘[“"%’FCE]DHa] cER "epRe s ieD) CHTAES) GIFCRPLa) &8] ¥8FtDa] cal cal ¢
a] ca] ca] ca] canowpc&pcahe ad Cxedd cajarkalses] el duloa’ abmpPa @SN ?DVE

o calcaj aufctalen] A U LI o ERARIGR PR PRV (P

* Ax 5x % x % x 9 1 h MOR@FRPIPRBAS AN |estriussisdairc afCACESr®sRed] éaFénfea] ca) cal cal ca
] ca] ca] ca] ca]teabea]aca]g@ﬂ@@ﬂgﬁ%g%] 23] ca]nfaa]lcta] e¥keakehation and

,,,,, 5, 565: byb5
ool SPARCRERRR R IARETS  The fodiowing.pes) SN (F o(a)
ca] ca] ca] ca] MF@&FEGé@mmﬁaﬂyca]qra]vea]tea]P@@]eca ahedsg=r ==??DDE
EGEUEVEGHH | I@IﬁkL&gt ;;Ei;\‘] v I gb]zw lghq(_ahqahgg],gﬁkﬁg]ca] ca] ca] ca] ca]
ca caica

¢
crale alcalosleale ke Slestealeaycaleal ool

a] ca] ca] ca] cdpearc- akﬂlgrtae]mﬂ] ca]lcsa]zcsa]sga]-d +aHhebax]ana]1E)a] cat &:a¢amas]m]]( ;]ca][ (L:J?J} c
aJca]ca]ca]c no X c
a] cal ca] ca] 315 22??%?{’@%%}6@] Qq'eg]%%k%%g)]eca] ca ﬁg?cg %% %F? ' al ca] ca] ca]
calcalc"a]c” Ea] ca] ca] ca] ca! hSPT] dr aAOY~yt 0] e_Zkf " [ UU] ca] cal] ca] ca] ca
] ca] ca] ca] ca] ca] ca] c$al] c$a] ca] ca] ca] ca] ca] ca] c(aU] c(a] ca] ca] ca] ca] ca] ca] c&

al] c&a] ca ca "

b(';i]( 18&% } x]snl %g?ﬂ%l%d Pokidal e‘ﬁf‘ca]icéﬁe %U] c8 Fcaf af &5} c%}] calcalcalc

a] c"aU] c" a] c&Ppén] eag cla!]am:]l@dU]r@d]Lca]leapéé]féa]aE’ Vcyathcpat more than

affcgl gggnU]z ggKBa&H%JH;&:@a&f&ﬂsca]s%hca]scakggmtggl éahﬁ:rianEoﬁirEa] LedwedeA) cal cal ¢
, <@L(57>q{ u%léggtw%ﬁ %“EK ]“Xia] c‘éf%la] 3 T%l"'a] ca] cMa] ca]

c"a] ca] c*a] c¥Leral ch']m\ta:]emar]lc"a]-ba]:eﬁa].ca]lcpa}l%]lvla] a8h]l¥Lai 2 QYtAnW~xsmhb]

Weupkf a\ W | c2apeat eAwl ces].% %Lﬁ@ C“@ L¢@L9aﬁlﬁal g2 Lﬁaéﬁya] cah@e:aelrsaa] cha]calc

a

A A ) [ Vzupkf a\
i) colcar boapsapkeap et S kBl SR el Shaapbkarhe IRLEERPIAARY da oL,

] ca] c"a] ca] cdafeniked) x:a]tm’éa]aﬁakeméﬁs%n}z]d\/\pnrh]avqkns[&'zuqakﬁabe\/\]r}me]gm‘] cnal ]
Toha] va] cal charnl ot CE R BBEEPRC L0 0 & () - atovi e () e eralea
"F10% & ()-s10% & ()-!nml0%R& ()-$10% & ()-3F L{Z;-1S3310% & ()-S

%040% / & () - Twaﬂ@/l@lc@l—n &19‘V€k£3h1&1éé cfl’ BTOFKLKER ¢holéidMind c/ & () -

16}%§10$£;_(§E£Qures 1Qé§ ﬁgllc 9 éﬂ 68%Q§ﬁ§b£éufé&94tlé¥ °C. 1In
he followizz list C denotes 2 crystalline phase, Sc*
denotes a cxiral smectic C prase, S denotes a smectic A,
Ch denotes z cholesteric phaze and I denotes the isotropic

phase.

Mixture 1

32.75 wt.% ¢ -pentyl-4-cyanoc-phenyl,
18.01 wt.% ¢ -heptyl-4-cyanoc=phenyl,
11.46 wt.% ¢ -octyloxy-4-cyarncbiphenyl,



XVA_=1#' 10%wW& ()-"1, "' 10%JUE ()-

CU100F& ()-"11 100& ()-"1, 1098 ()-"11 " 10%& ()-"K  [\wue+32 JUN 2002
10TS, 10967& ()-y! ' 109%6d& ()-"! ' 109%6d& ()-"! ' 10%r& ()-"! ' 10%ré& ()-"! "
0%hh& ()-"\]"kg3j K= 10TS, 10%L@ 10% & ()- & 10% & ()-! f

10%\ & ()-f@O0% & ()-$10% & ()-F 10T

10T3n=>?@Br S40T, 109%64& () - | %10%4& ()3 3_10\\ 10\\

10\ ! | $- &10% \ & () W | $- &10%\ & ()-GH( 10% & ()-S <=}[9+4 10HH "

"I %0%HE ()-3!'1 "1 %0%1& () - 3@

10%+! () g(vﬂma%mg-m JT-Ul-EFUROUB £ it 1L0%R () - =>?NB +#aB4 10HH

10U, (O églou(/ﬁpé?angr%'jg £ fof/%@@% %’)3%%&% (J) F 10H 10H

10HH+#
- 4.91 wt.% 4-[5-(trans-4-ethylcyclohexyl)- -pyrlmldlnyl
benzonitrile
4.91 wt.% 4-[5-(trans-4-pentylcyclohexyl)-2-pyrimidinyl]-
benzonitrile

18.14 wt.% 4'-[2(S)-methylbutyll-4-[2(R)-octyloxycarbonyl]-
biphenyl; p = 0.320 um. Direction of helical
rotation: right Tc = 45°C, An = 0.24

Mixture 2
:

3.86 wt.% 4'ethyl-4-cyanobiphenyl,

2.29 wt.% 4'-propyl-4-cyancbiphenyl,

4.37 wt.% 4'-butyl-4-cyanobiphenyl,

4.71 wt.% 4-(trans-4-propylcyclchexyl)benzonitrile,
10.57 wt.% 4-(trans-4-pentylcyclohexyl)benzonitrile,
13.75 wt.% l-(trans-4-propylcyclohexyl)-4-ethyl benzene,
11.91 wt.% l-[2-(trans-4-propylcyclohexyl)ethyl]-

4-ethoxybenzene,

4.03 wt.% 4"-pentyl-4-cyano-p-terphenyl,

4.11 wt.% 4'-(trans-4-pentylcylcohexyl)-4-cyanobiphenyl,
11.49 wt.% 1-[2-(trans-4-butyl cyclohexyl)ethyl]-4-(trans-

4-pentylcyclohexyl)benzene,

3.41 wt.% 4'-[2-(trans-4-butylcyclohexyl)ethyl]-4-(trans-
4-pentylcyclohexyl ]biphenyl,

5.46 wt.% 4'-[2~(trans-4-butylcyclohexyl)ethyl]}-4-(trans-
4-pentylcyclohexyl)-1,1'-ethylene dibenzene,

2.04 wt.% trans-4 -[{2-{trans-4-propylcyclohexyl)ethyl]-cyclohexane
carboxylic acid-4-cyanophenyl ester,

18.00 wt.% 4,4"-di-[2(S)-octyloxycarbonyl]-p-terphenyl; p =

0.340 um. Direction of helical rotation: left
T, = 60°C An = 0.14

Mixture 3

31.06 wt.% 4'-pentyl-4-cyanobiphenyl,
15.22 wt.% 4'-heptyl-4-cyanobiphenyl,



10HT 100448 ()-& "1 (()*+-}[<1@ 10:0- 10% & ()-! c39B10%& ()- 3 0
10% & () -1 & $SL0%PYYE () -1 & $L0YIUR () - K@ 10% & () - (- -- - - 5.1 J2alUN 2
10:1810% | & ()- 'k'S 10%\& ()-1'S 10%"& ()-  10% & () - 3%(10% & ()-3 10

10° / 2339685' 5(565z0dY: 0 10: $10% 0& ()-F 10\ 10\ 10\ 2@

10% & ()-! &10% . & ()- ! &10%\ & ()- !: &l0%\& ()- 65:559: <: : A<dY: 0

10: 1" $10%7070& () -!' $10%EE& () - y&10% 0& bp- . 10% 0& ()-!

100& ()-10% 0& () - ; : <<<<<<<, =b@ 10:118& 10%& ()-S 10% & ()-$10% & ()-F 10' 0
10' 0 10' 0" 9410% o0& ()- @@ 10% o0& () -, ==s @DDDE

E} oP10L' 10% & (7= %1094 84 (Jo vIGEyEY ~t@ENEbi phenyl ,

0B\ V1 1" 40V R0 65! rOAOA ekl 18y 8] - 4 -ehyInenzene,

- 4.87 wt.3 4"-pentyl-4~-cyano-p-terphenyl,
4.15 wt.3 4-[S5-(trans-4-ethylcyclohexyl)-2-pyrimidinyl]-
benzonitrile,
4.15 wt.3 4-[5-(trans-4-pentylcyclohexyl)=-2-pyrimidinyl]-
benzonitrile,
15.81 wt.3 4,4"-di[2(S)-octyloxycarbonyl]-p-terphenyl; p =
0.373 um. Direction of helical rotation: left
Tc = 45°C, An = 0.23
! Mixture 4
32.89 wt.% 4'-pentyl-4~cyanobiphenyl,
16.12 wt.% 4'-heptyl-4~cyancbiphenyl,
10.31 wt.3% 4'-octyloxy-4-cyanopiphenyl,
10.00 wt.% l1-(trans-4-propylcyclohexyl)-4-ethylbenzene,
5.16 wt.% 4"pentyl-4-cyano-p-terphenyl,
4.38 wt.$% 4-[5~(trans~4-ethylcyclohexyl)-2-pyrimidinyl]-
benzonitrile,
4.39 wt.% 4-[5-(trans~4-pentylcyclohexyl)-2-pyrimidinyl}-
benzonitrile,

16.74 wt.% 4,4"-di-[2(S)-octyloxycarbonyl]-p-terphenyl; p =
0.453 um. Direction of helical rotation: left
) Tc = 53°, An = 0.24

Mixture §

29.34 wt.% 4'-pentyl-4~-cyanobiphenyl,

14.39 wt.g 4'-heptyl-4~cyancbiphenyl,

9.21 wt.% 4'-octyloxy-4-cyanobiphenyl,

17.50 wt.% 1-[2-(trans-4-[propylcyclohexyl)ethyl]-
4-ethylbenzene,

4.60 wt.% 4"-pentyl-4-CYano-p-terphenyl,

3.93 wt.% 4-[5-(trans-4-ethy)cyclohexyl)-2-pyrimidinyl]-
benzonitrile,

3.93 wt. % 4-[5-(tran"4'p°'1'.‘{lcyclohexyl)—2-PYrimidinYl]-
benzonitrile,



EGEGDKcLdLeLf Lt L} r g\ =OL$F10% & ()-3 10\ 10\ 10\5S 10% & ()-M 4054%.)@(3? 2

$109\ & ()-, YLON & () -, t L{LL6N NSSS} [ 9+= 10\\!&4! 10%\ & ()-! 6940
10% & ()-1"s 10%\& ()-m!s 109 ()-m' 10% & () - SSSSSV: XXgE=
A0\\ 1 &1 T9A0%R ()-T 10%&' () -y 10%&' ()-910%&' ()-$I 10%&' ()-4 10\\

10\\ XZ1[ 2[ 3[ 4[ AL H[ [ ~_@\\ ! &10% & ()--S 910% & ()-19%40% & ()-G 10 10

10y7109%& ()-!,

10:,-z 10% & ()-!19%40%& ()-"y3 @10% & ()-

17.10 wt.% 4,4"-di-[2(S)-octyloxycarbonyl]-p~-terphenyl;

p = 0.365 um, An = 0.23. Direction of
- helical rotation: left Tc = 45°

The following compounds are other examples of preferred

chiral dopants having the formula I:

4,4"-4i-[2(R)-cyano-l-propyloxycarbonyl]-p-terphenyl,
m.p. 179,2°C;

4,4"-di-[ 2(S)=-chloro-l-pentyloxy carbonyl]-p-terphenyl,
m.p. (C—SC*) l06°C, s *-SA 110,2°C, SA-Ch l40°C,

C
clar.

temp (Ch-I0 141°C

4,4"-di-[ 2(R)-chloro-4-methyl-l-pentyloxycarbonyl]-
p-terphenyl, m.p. 165,4-170,0°C

4,4"-di-[ 2(S)-cyanc-4-methyl-l-pentyloxycarbonyl]-
p-terphenyl, m.p. 129-131°C;

4,4"-di-[ 1(R),2(s),5(R)-menthyloxycarbonyl]-p-terphenyl,

m.p. 168-169°C;
4,4"-di-[ 2(R)-cyano-l-pentyloxycarbonyl]-p-terphenyl;
4,4"-di-[2(S)~-chloro~-l-butyloxycarbonyl]-p-terphenyl,

m.p. (C-SA) 137,3°C, SA-Ch 139,3°C, clar. temp.

(Ch-I) 153°C;

4,4"-di-[ 2(S)-cyano-l-butyloxycarbonyl]-p-terphenyl,

m.p. 129,9°C;

4,4"-di-[ 2(R)-cyano-l-hexyloxycarbonyl]-p-terphenyl;

4,4"-di-[2(S)-chloro~-3-methyl-l-butyloxycarbonyl]-
p-terphenyl, m.p. 171,1°C;

4,4"-di-[ 2(R)-cyano-3-methyl-l-butyloxycarbonyl]-
p-terphenyl, m.p. 132.9°C;

4,4"-di-[ 1(S)-methoxycarbonyl)ethoxy]-p-terphenyl,

m.p. 142,6°C;

4,4"-di-[ 1(S)-(ethoxycarbonyl)ethoxy]-p-terphenyl,

m.p. 91,3°C;

4,4"-di—[l(S)—methyl-Z-(ethoxycarbony})ethoxy]-p-terphenyl.

4,4"-di-[2(S)~-cyano-4-methyl-l-pentyloxy]-p-terphenyl,
m.p. 116°C
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4,4"-di-[ 2(S)-chloro-4-methyl-l-pentyloxy]-p~terphenyl,

m.p. 170°C.

As already mentioned, Figs. 15 - 19 show various methods of
operating liquid crystal cells with various polarizers.
Fig. 15 shows an arrangement containing a light source
similar to those shown in Fig. 3, the lens being cmitted
for simplicity. Light emitted by a monochromatic source 19
at e.g. A = 600 nm is converted into circular light rotat-
ing to the right in a cholesteric liquid crystal layer 21
as described in connection with Fig. 3, either directly or
after being reflected at mirror 20. A A/4 plate 118 is
disposed behind the liquid crystal layer 21 and converts
the circular polarized light into linear polarized light.
The direction of polarization is indicated by a double
arrow. A TN cell 119 is disposed behind the A/4 plate 118
and in known manner rotates the direction of polarization
of the light through 90°. The rotated light can pass
undimmed through a linear polarizer behind the TN cell 1195
and rotate it through an angle of S0° relative to the direc-
tion of polarization before the cell, provided no voltage
is applied to the cells. If a voltage is applied to cell
119, the rotary effect is stopped and the light, which is
no longer rotated, cannot pass through the polarizer 120.
The TN cell 119 therefore operates in the conventional
manner, in which the direction of polarization of the
incident light is rotated in the switched-off state
(wave-guiding mode) .

Another method of operation is shown in Fig. 16. Circular
polarized light rotating to the right and produced as
previously described is supplied directly to a TN cell 119.
In this method of operation the cell must have a minimum
optical pitch difference of § = A n.d = A/2 between the
switched-off and the switched-on state. If this condition
is fulfilled, the circular polarized light alters its



P(S{{ WKYZgnuV70\\ 91096&: () - $1096& ()Y 10HH 10HH 10HH F( 0% )

TO%H& () - 10948 () - mIKZXOUV7O\\ f +z 1096& ()-c JUN' 2002

| d8&$3L0UB Q& () - R10YB& () -- ! 3% 09658 ()-! X @, 109 ()-!1@, 10%KX& ()-

h =O\! S f @ 1098&&' ()-f!f @ 10%& ()-f: 10%4& ()-$10%& ()-3 10m 10m 10nf 5z

L0%T& () - hSWN} ~24=0\ 10H7SLO%E' () - Ss* 109 ()- 1" &100HE! () - | &10%HHE! () -
10%4& ()-0 10% & () - NOP] dr agE=0\ -

10H 99004\ & ()- 1" yoa0%\ & ()-!y9a0o& ()-y: 10% & ()-$10% & ()-F 10H

0 - 0 ! -

LovaroDl JOMIQR SIOME (L 00t 5o, from mione (1) <o
left (-) in the present case. An additional cholesteric
“layer 121 is disposed behind the TN cell 119 and is per-
meable to the first layer 21 in the opposite direction of
rotation from before, i.e. to the left. If the TN cell 119
is switched on and consequently becomes optically uniaxial,
it does not influence the state of poclarization of the
light, which 1s therefore not blocked by the cholesteric
liquid crystal layer 121.

At the exit, the two arrangements in Figs. 15 and 16

) deliver the full intensity radiated by the light socurce 189,
because there are no polarizers absorbing part of the
light. By comparison, Fig. 17 shows the conventional
arrangement comprising a TN cell 119 equipped with linear
polarizers 122 and 123. Since the entry polarizer 122
absorbs half the total light, at most 50% of the original
intensity can come out at the exit side.

The arrangements in Figs. 15 - 17 deliver a positive
contrast if display cells are constructed on this princi-
pPle. A negative contrast can be obtained in each case
without difficulty, i.e. by using a cholesteric layer
rotating to the right instead of to the left in Fig. 16, or

) in known manner in the other two cases by rotating the
linear polarizers through 90° on the exit side.

Fig. 18 shows an arrangement likewise based on the fact
that, as in Fig. 16, circular polarized light is directly
supplied to a TN cell 124. 1In contrast to Fig. 16, how~
ever, the TN cell 124 has a minimum optical pitch differ-
ence of § = A\/4 between the switched-off and the switched-
on state. In the switched-off state, therefore, it acts as
a A/4 plate, which converts circular polarized light into
linear polarized light. A linear polarizer 125 disposed
behind the TN cell can block the linear polarized light in
a suiltable position. In the switched-on state, the TN cell
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does not influence the circular polarized light, which is

therefore transmitted by the linear polarizer 125.

Instead of a TN cell, any other liquid crystal call can be
used for this arrangement, provided the condition 8§ = A/4
or an integral multiple thereof is possible. If circular
polarized light is available, e.g. from the light sources
in Figs. 15 and 17, the arrangement in Fig. 18 can give a
100% output of light. If however non-polarized white light
is used in conventional manner, the known loss of 50%
occurs when circular polarized light is produced by a
linear polarizer and an A\/4 plate. Even so, the extra
expense of the additional A/4 plate compared with the known
manner of operation in Fig. 17 can pay off, because the
characteristic voltages for a TN cell are much lower, e.g.
up to 50%, than the voltages in the conventional manner of

operation.

Fig. 19 shows a device operating with reflection. This
corresponds to the previously-described alternative
comprising a TN cell with § = A/4 between the switched-off
and the switched-on state. 1In this example, a DAP cell 126
is used. 1In the switched-off state, therefore, the cell
acts as a A/4 plate, i.e. the circular polarized light is

) converted into linear polarized light. After reflection at
a mirror 127 the reverse process occurs, i.e. the linear
polarized light is reconverted to circular polarized light
in the (A/4) cell, travels through the cholesteric layer 21
without hindrance and is available at full intensity at the
exit. If a voltage is applied to cell 126, so that it
becomes optically uniaxial, it does not influence the
polarization state of the light. Consequently, right-
circular polarized light behind the cell reaches the
reflector 127, and on being reflected changes its direction
of motion as already mentioned. The light, which is left-
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circular after reflection, travels uninfluenced by the DAP
cell 126 to the cholesteric layer 21, where it is blocked.
An advantage of this configuration is that the reflector
121 can be disposed on the substrate of the liquid crystal
cell, so that light-absorbing structures such as thin-film
transistors are disposed behind the reflector and thus do
not reduce the aperture or brightness of the active surface
of the picture element. Comparative tests have shown that
the arrangements in Figs. 15, 16 and 18 do in fact deliver
about twice the brightness of the arrangement in Fig. 17.
There is also, as mentioned, a marked reduction in the
required control voltages.

With both operating modes of the liquid crystal cell, i.e.
the one with linearly polarized as well as the one with
circularly polarized light, it is possible to achieve flat
as well as steep transmission characteristics. Accordingly,
both flat curves with many gray shades for television
applications as well as steep curves and thus highly multi-~
plexible cells such as e.g. steep so-called super-twist

cells are suitable.

If the angle of light incidence is more than 35°, unpolar-
ized residual light may occur at the liquid crystal display
cells in projection systems like the one shown in Fig. 10.
In order to avoid a reduction of the contrast the unpolar-
ized residual light may be suppresed by polarizers arranged
in series to the liquid crystal display cells. The portion
of unpolarized residual light is very small so that the
additional polarizers cause only an insignificant weakening
of the projection efficiency.

The series arrangement of several cholesteric liquid
crystal layers of different spectral selectivity which was
mentioned before in this specification may not only be used
to approximate white light but also just to enlarge the
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By appropriate combination of cholesteric ligquid crystal
-filters of different average wavelengths the bandwidths of
the selective reflexion may be varied in a simple manner.
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CLAIMS

1. A polarizer for producing polarized light from natural light, comprising a light
source for producing natural light, a layer of cholesteric liquid crystal having a
Grandjean structure disposed in the path of the light, and a mirror for reversing
the direction of rotation of circular-polarized light and disposed in the path of the
light reflected by the liquid crystal layer, chararcterized in that the light source is
disposed between the layer of cholesteric liquid crystal and the mirror.

2. A polarizer for producing polarized light from natural light, comprising a layer of
cholesteric liquid crystal having a Grandjean structure disposed in the path of the
light and a mirror for reversing the direction of rotation of circular-polarized light
and disposed in the path of the light reflected by the liquid crystal layer,
characterized in that the liquid crystal layer is spherical.

3. A polarizer according to claim 2, characterized in that the liquid crystal layer is
concentric with the source of natural light.

4, A polarizer according to any of claim 1 to 3, characterized in that the mirror is
spherical.
5. A polarizer according to claim 4, characterized in that the mirror is concentric

with the liquid crystal layer.

6. A polarizer according to claim 1, characterized in that the liquid crystal layer is
disposed at an angle of 45° to the direction of the incident light.

7. A polarizer for producing polarized light from natural light, comprising a layer of
) cholesteric Tiquid crystal having a Grandjean structure disposed in the path of the
Tight, and a mirror for reversing the direction of rotation of circular-polarized light
and disposed in the path of the light reflected by the “liquid™ crystal layer,
characterized in that the liquid crystal layer is disposed between the plane surfaces
of isosceles rectangular prisms.

8. A polarizer according to claim 1, 2 or 7, characterized in that a number of liquid
crystal layers having different spectral selectivity are disposed one behind the
other.

9. A polarizer according to claim 1, 2 or 7, characterized in that a A/4 plate is

disposed behind the liquid crystal layer.
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producing natural light, a spherical layer of cholesteric liquid crystal having a
Grandjean structure disposed concentrically with the light source, and a mirror
concentric with the light source, reversing the direction of rotation of an incident
circular-polarized light beam, and extending substantially over the hemisphere
opposite the liquid crystal layer.
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11. A means according to claim 10, characterized in that the liquid crystal layer
comprises a number of successive cholesteric layers having different spectral
selectivity.

12. A means according to claim 10, characterized in that a A/4 plate is disposed
behind the liquid crystal layer.

13. A projection system comprising a polarizer according to any of claims 1 to 9, an
analyzer with selective permeability for light in a certain state of polarization,
having a layer of cholesteric liquid crystal with Grandjean structure disposed in
the path of the light, and a liquid crystal display cell disposed between the
polarizer and analyzer and for modulating the intensity of the polarized light.

14. A projection s system_ according to claim 13, characterized in that the liquid crystal

display cell is a twisted nematic liquid crystal cell (TN-LCD) or a rotary cell
having angles of twist greater than or less than 90°.

15. A projection system according to claim 13, characterized in that the liquid crystal
_display cell is an SSFLC (Surface Stabilized Ferroelectric Liquid Crystal) cell.

16. A projection system according to claim 13, characterized in that the liquid crystal
display cell is a DHF (Deformed Helix Ferroelectric) cell.

17. A projection system according to claim 13, characterized in that the liquid crystal
display cell is a DAP (Deformation of corrected phases) cell.

18. A projection system according to claim 13, characterized in that a number of
cholesteric layers having different wavelength selectivity are dlsposed
_successively in the polarizer and in the analyzer. N

19. [A projection system characterized by a polarizer according to claim 9 and a liquid
crystal display cell having a basic electro-optical effect which is made visible by
linear polarizers.



12 JUN 2002

-31-

20. A liquid crystal cell comprising a twisted nematic liquid crystal between plates
v oot | provided with electrodes and orienting the liquid crystal, characterized in that the
optimum difference in the pitch of the liquid crystal between the switched-off and
the switched-on state is A/4.

21. | A method of operating a liquid crystal cell comprising a twisted nematic liquid
crystal between plates provided with electrodes and orienting the liquid crystal,
whereby the optimum difference in the pitch of the liquid crystal between the
-« |switched-off and the switched-on state is A/4, characterized in that the cell
controls the polarization state of incident circular-polarized light.




