WO 03/ 036375 PCT/ CHO2/ 00577 Switchable color filter The present invention
relates to a liquid crystal swtchable color filter and, in particular, to
such a coworosfoBészer that 5 enploys circularly polarizi ng peal@oiiove?
reflection bands of cholesteric filters; and to tinme-sequential col or
devices, for exanple projection devices, direct view displays and vi deo
caneras, conprising said color filter. 10 Fast swtching color filters

whi ch provide the primary cQnsnBR R399:Ce48R ue) synchronized with a
fast imager represent the cé&r}'r'g—mn'f—og‘t-r'nﬁeq uential single panel

video projectors. This projector type is of particular interest because

of its mmnppeeseas, iwvewoidn aedaltew wed gl . 1¥Muie tdisystalcokat tkhhbees
generate the three col or conponents qof the full-_color Ri cture, the |nmager

det er mGRS% hE14FEY P8kl s1Bf PARESE W IESnpotRNEYCH 13 t Relewi tichi bRy f FBdbency
i's sf fnfd1RYd ¥ diixthiildia y hyoanRBYa iy MRleY elcREGRr ak8g1a%eh ohhephhnge el or
conponent's and generates the intendéd m xed col or. Anal ogously, tine
sequentdhglexratiyecfiviens di apdayko akrdmpossert iahd colere davstes) s§orol or

vi deo ¢ ras. based on.the tjine sequential .technique. The |atter gnerate
Uhr oo SRRE, SHASEIDY deioRile i Br e ofaatantLoPaAYEN B0 beihgRe
t ransf @aiRads), tdtmpadlsimg ARl Rvlea ddlialehlg the m xed col or conponent or
by tinme sequential projection. 25 Various designs of color sw tches have

been proposed. One well- known solution for RG col or generation is the
mechani o el .1l | a S b ght LN g Lon
o 1ho ety cewPhrRERE® cotds®, ERLEeEE URCK: B b e TR "5,

to neclkael cRednGtadmiBluels. simohimenikedwwisdi uai dasér eimd ek ettepresent
stal, switches, where

et A AN N R S et I
I‘|0\/Veve|i>rojectors.4 This projector type 1is of particular interest
because of its compactness, low cost, and low weight. While the
15 color filters generate the three color components of the full-
color picture, the imager determines the gray levels of these
components. If the switching frequency is sufficiently high the
human eye simply integrates over the three color components and
generates the intended mixed color. Analogously, time sequential
20 direct view displays are possible, and there exist also color
video cameras based on the time sequential technique. The latter
generate three gray scale images of the three color components
which can be back transformed to the color image by calculating
the mixed color component or by time sequential projection.
25
Various designs of color switches have been proposed. One well-
known solution for RGB color generation is the mechanical color
wheel. Its main drawbacks are light induced degradation of the
color filters used, large volume of the device, and jitter due

30 to mechanical instabilities.

Another known solution are stacked retarder/polarizer
combinations with liquid crystal switches, where unwanted color

components are removed (absorbed) by the polarizer. However,



WD 03/ 036375 PCT/ CHO2/ 00577 2 these filters are difficult to produce. In
particular, it is difficult to generate saturated colors with thin stacked
r et ar der swoams@3dé3us t her nor e absor bi ng pol ari zers tend to degmad®?2/ovsrder hi gh
light levels. 5 Athird knowmn sol ution uses stacked chol esteric filters,
conbined with liquid crystal switches. 2nstead of being absorbed, the
unwant ed col or conponent is reflected by the <cholesteric filters. This

al ter nathede | $iddklsCUdAE | Midlrticaakl Veo 19 rbasause ihephr@h cuight, | evelis
present in projectors tends to danage aer;iy absor bi ng conponent.
Fur t herdoffel cwho| e§Per geNprRter s sadatied steepel déithe EBLRectStasksshds

whi ch r | e I S I+ ) 1 ey oIgghale
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accor dancemhigh tkighol| estesrs ¢ hel i cal structure which can be easily
transforned to linear polarized light wthout |oss of intensity.

Cholesteric filters are nematic liquid crystals wwth a helical 20

structyfe phifga RnbeR thR1dS dPMMaEad! estockde Weushepathief dingkhrs,!f
crosslinkable nematic |liquid crystals are used, the filters can be

producerprasingd n wiiths thaguishn ev¥styl beswibabeRed Wingteaashchefal being

retarde rmag. _conpl t.ac ru tr | V. I swhtches
and mﬁﬁ%ﬁ%‘%&‘bas@f or%@%élté%g? e rEP% §)S"f [ ?%@é §n3ﬁg ISilgq)uiIge%lreycg:tea (sy\kﬁ t\(‘:yﬁltgs
are knahwolsstdnic i pfleece. TUrbsrabedrnatibhe fiel bawthgupaklliycatitoast ivs
patent 5,686,931 (Funfschilling_et il %}I J. Funfschilling and M $Schadt,
Novd RequFoitde PRigRctIiI Badeyedn FRFeRt i RFPIGFEOTY) [fends to

I nterngidpRal SYPPIBsYPbiRyJeshp8heAechRucthePABEES, cKXYbste®ie filters
exhibit steep selective reflection bands which result in
excellent color saturation. In addition, they generate
circularly polarized 1light within the reflection band of the

15 filter in accordance with 1its cholesteric helical structure |
which can be easily transformed to linear polarized 1light

without loss of intensity.

Cholesteric filters are nematic liquid crystals with a helical

20 structure with a pitch that is comparable to the wavelength of
light. If crosslinkable nematic liquid crystals are used, the
filters can be produced as thin films that can easily be
combined with nonchiral retarders to form a complex stack
structure.

25
Subtractive color switches and modulators based on cholesteric
filters and liquid crystal switches are known and for instance
described in the following publications: US patent 5,686,931
(Finfschilling et al.); J. Finfschilling and M. Schadt, Novel

30 LCD Color Projectors Based on Cholesteric Filters, SID
International Symposium, Digest of Technical Papers, XXVI, 597-
600 (1995); and K. Schmitt, J. Fainfschilling, M. Z. Cherkaoui
and M. Schadt, Fast Time-Sequential Color Switch Based on

\



600 (1995); and K Schmtt, J. Funfschilling, M Z. Cherkaoui and M
Schadt, Fast Tinme-Sequential Color Switch Based on WO 03/ 036375

PCT/ CHO2/ W0%3/036335 Chol esteric Filters and DHF-LCDs, EuroDirspgi@w2/0897 The
19th International Display Research Conference, Proceedings, 437-440
(1999). 5 For conparison purposes, the yeneral structure of a known col or

switch is also illustrated in Fig. 1, and a schematic representation of
its el ampilisstsriepistiadtd) Bng BHFTREDEO! OkursMA s51aFonsd 6t s 1oe t ioed
stacked band nodul ation filters (BMFs) 1, 3, and 5, each capabl e of

bl ocki nkplegrenatienl pPigalaycRegearrh onfererpayy Bpproedingsi t 457« 440
vol tage(sjbg the el ectrodes of the |liquid crystal switches which are part
of each band nodulation filter. The filters are i ndependent from each
other in the sense that each filter controls a well defined wavel ength

band, At each switching state of _the tine_sequential color switch, two 15
col of b%‘?ﬁjsc%’f‘ga’f)?'%‘a’ﬂeagﬁﬁﬁsﬁﬁe ﬁ&?s@?.nelrﬁlﬁ%r%t%fai#tﬁeﬁPﬁY’Bec&&QEked

band mogled di oniki | tergo (BMrasrtardd anth 5 Aig. shownapgachy bapdnzadilial i on
filter conprises a ferroelectric liquid crystal switch 21, 23 and 25; 20
two quarerreseneatiemrodbr étg7elpgents iz3 degpched 3in BRI nput ThehslodSeri c

filter . 43. a tp i | 45, n .y 1he
nandedrli G 88aTHke PBE, Theld, Htadd B foguldefon trya 848 ptibs)
respectiyvel y. aridipb| aeazhdchpgblle5bf fulwukangnme sof nphagprgmargmcolerseft .

Marked with reference .25 nuneral s PSTg ang 55 are oggi onﬁl el ement s su%rflaoas
a pdfarfzeéf Fhd® HYrBPRIUERI fHiERP By VBetREGHi Fadtae £ gctrpaessPhe Fhcor
i nst ance; difl $08PLBaL1 ORwMitkRed RAAH Z3Fd OBatbeCOterea@F N8R AbduliRe iemt put

side, one or nore retarders 57 and 59 are provided to convert the
circul afilteol dPheefiiltehs ave| indepéydent afromdeag) dther én. the sense

that each filter controls a well defined wavelength band. At
each switching state of the time sequential color switch, two

15 color bands are blocked and one passes.

In Fig. 3, again the three stacked band modulation filters
(BMFs) 1, 3, and 5 are shown. Each band modulation filter
comprises a ferroelectric liquid crystal switch 21, 23 -and 25;
20 two quarter-wave retarders 27, 29, 31, 33, 35 and 37; an input
cholesteric filter 39, 41 and 43; and an output cholesteric
filter 45, 47 and 49. The handedness of each cholesteric filter
is indicated by a "+" or "-", respectively. Unpolarized light 51
from a lamp is impinging from the left. Marked with reference
.25 numerals 53 and 55 are optional elements such as a polarizer and
a retarder, which may be required at the input side, for
instance in combination with a polarization recovery scheme. At
the output side, one or more retarders 57 and 59 are provided to
convert the circularly polarized 1light to linearly polarized

30 1light 61.

Independent BMFs in series are an optical concept which leads to

highly saturated colors. It can be implemented with fast liquid



| ndependent BMFs in series are an optical concept which leads to highly
saturated colors. It can be inplenented with fast |liquid WO 03/ 036375
PCT/ CHO2/ W093/036345 cryst al di spl ays (LCDS), such as ferroelpeaicHR/0DCDs. Used
on a pixel-to-pixel basis, it can also be used to generate true col or
projection systens. 5 Despite these adwvantages, the known chol esteric col or
swtches wth their concept of independent BMFs in series still have
shor t cQiAgs1 CHEsiE§a§rBat(LbB%) realjantd&nrResgs18LELDGCRcDsR! QKL 18R a
tol erances on the LCDs. 10 Another, conceptual shortcom ng is that they
r epr esdritxeiott e tixedphasid i clentanaglse kel usedhteegenghatentyusacodered
pri mar)i)ré:oé%iscmT t{eq%son for this is a peculiarity of the human col or

; eter

per cepti o one nM nes the brightest band-pass filters that produce
a given color saturation, one gets filter bands 15 that overlap unless the
color saturation is extrenely high. As an ex l e, the ideal .
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588..700 nm (R), respectively. There is a considerable overlap (497..509

nm of sifrttdmmizige. andne heigrethati| the. Headieatiohe pegesr estmtingentt he
independencfg Bgl\fs that at each sc"i%t @brqusq state two col or bands are bl ocked
and oneprpoa e o rﬁ)?'ee%arf?"ﬁ;ﬁ TheBi I'ng bands of two adjacent col ors nust
25 overlap. During the red period, for instance, no 'gap' is allowed
between the green and the_blue filter, or - in other words - the
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by the requirenent o non- over ping filter transm ssion bands. F

real fidalersswiTle reesonffort éhdsedpnes pefulileriftiy tef thar humeni soleg t he

i ght perceptioh: If one determines the brightest band-pass filters

that produce a given color saturation, one gets filter bands

15 that overlap unless the color saturation is ektremely high. As
an example, the ideal band-pass-filters to produce NTSC color
coordinates from a white light source have transmission bands
from 400..509 nm (B), 497..566 nm (G) and 588..700 nm (R),
respectively. There is a considerable overlap (497..509 nm) of

20 'the blue and the green filter.

However, the requirement for the independent BMFs that at each
switching state two color bands are blocked and one passes
implies that the blocking bands of two adjacent colors must
25 overlap. During the red period, for instance, no ‘'gap' 1is
allowed between the green and the blue filter, or - in other
words - the respective filter transmission bands .may not
overlap. Compared with the ideal case, therefore, half of the
light in this wavelength region is lost by the requirement of
30 non-overlapping filter transmission bands. For real filters with
their finite steepness of the filter characteristics the 1light

loss is even significantly higher.



| oss is even significantly higher. WO 03/036375 PCT/ CH02/ 00577 5 A further
shortcom ng of the known cholesteric color switches can be explained with
ref erencewbDm3bsg7s 3. Each of the band nodul ation filtersPpLr/H02ans075
conprises two cholesteric filters, which have an opposite handedness of
the cholesteric 5 helix, but are othervase identical. Sandw ched between
the cholesteric filters are two quarter-wave plates and a liquid crystal
switch.p Tearkhawi ctsrfdﬁt%&h@n beh 1afd skASwA AN i Nakbr Y @wlltdiRs AN
i nportant feature of this optical arrangenent is, that the effective
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other colors should pass unaltered, which is indeed true if the
total birefringence is zero. Note that a change of polarization
15 finally results in a reduced filter transmission. The precise
degree of compensation to zero birefringence 1is not very
critical in this respect. However, any residual birefringence
changes the blocking power of the filter, leading to reduced

color saturation. This imposes stringent tolerances for the

20 optical retardation And of the liquid crystal switch cell (An is
the birefringence of the 1liquid crystal material, d the cell
gap). In addition, some ferroelectric 1liquid crystal switch
cells (e.g. DHF LC cells) have intrinsic variations of An that
lead to significant (3..5%) residual transmission of the BMF in

25 its blocking state.

Furthermore, the requirement of cholesteric filters with
opposite handedness significantly increases production costs.
This relates to the specific way cholesteric filters usually are
30 produced. For the production, first a cholesteric monomer
mixture between a set of dopants and a set of nonchiral nematic
molecules is prepared. The dopant concentration is chosen such

that the final filter has the desired position of the selective



m xture between a set of dopants and a set of nonchiral nematic nolecul es
I s prepared. The dopant concentration is chosen such that the final filter
has the deeimedpsition of the selective WO 03/ 036375 PCPCTHIRL2008577 6
reflection band. This m xture is then further processed in the filter
production. If both signs of handednes$ era required, the production costs
I ncrease for several reasons: (1) Keeping stock of two different types of

chiral Qonadsids PEEESSThY s Axtiireceid ehbhalFudepit prdcdiddl iy deel ved
fromnatural raw products bé)Whl ch have only one handedness), one handedness

i s mucHiditesparoduehiome bbpeethk esigns nafl Boededeendcesaargdausrgde the
differ f n e t L. ght d anl.e r§.c

m xt ur ZJS}FOd(‘%%fI%rg cacgﬁ%l i%r:%%éesr% ihgglL o%éY%{e]Q]r' [ ﬁg?éﬁ-}?f e?fgoﬁggpgglfqo%g:%ghe{pend
on t he afettawrd sddf féhendopppées naf r ckiraht dopahisnist hesesaaryead2) oSance
conpletely different m xture design_for the two cases. Thus, mater.i al
costs. Ak ngopasts  aFE AN Iooter Ve nitglh RRCBEEh o 4he BEPOHEEx
handedngasi c1aea € I 1 $lohd ﬁaﬁ@é@ﬁe§§4FCbne1ﬁah@e&h€§éQistﬁﬁcﬁe%héager
properties of a color switch and the above-nentioned different drawbacks

of the tharor thet oppagmiterial itobjagctevént be precessaryivéet iwse | different
acconpljsh a golaor _sw.tch. that u o] ol esteric,fi r e
handedr’useez:ss a%g %(?ps?tnltﬁ fe?gf*ligll1 sigige?k}eénf&per o]isjle(flﬂ erslfgh%(g ?H\%gﬁ%ggﬁ%%
provi degixecdrepli d ¢Bystrhé Swdteiadbl epxspenrt fdd t eo6f f athesw fidahg lidlween a
first, a_second and a third col or_  band whi ch switchable color filter,

f
conff i S ¥t dfnsEchbl @725 Fhfui od%'f%]t%l A |, the rgppﬁé‘ltéf“&&rl?‘ayer
whi ch 5% GUAT{G]; YRGS PE&h e 16al tBE fd I 8bmp@bee1hanthf fedddiSt mixture
cholesteric filter having a selective reflection band for the first color
band, alessiaponfiorhthesttara ccases er Thusi nfrakegdladctdast s ef seeckong bawstior
and labor costs are higher if ©both signs of helix handedness
are required in a color switch.
15
In view of the desired properties of a color switch and the
above-mentioned different drawbacks of the prior art, a general
object of the present invention is to accomplish a color switch

that uses only cholesteric filters of the same handedness and

20 still exhibits excellent properties.

The invention provides a liquid crystal switchable color filter
for switching between a first, a second and a third color band,
which switchable color filter comprises a first switchable
25 1liquid crystal cell, a first retarder layer which is a quarter-
wave plate for the first color band, a first cholesteric filter
having a selective reflection band for the first color band, a
second cholesteric filter having a selective reflection band for
the second color band, a second retarder layer which is a
30 dquarter-wave plate for the second color band, a second
switchable liquid crystal cell, a third retarder layer which is
a dquarter-wave plate for the second color band, a third

cholesteric filter having a selective reflection band for the



t he second col or band, a second retarder layer which is a 30 quarter-wave
plate for the second color band, a second switchable liquid crystal cell,
a third rwpasdss7s ayer which is a quarter-wave plate for pciacmeoastd col or
band, a third cholesteric filter having a selective reflection band for

t he WO 03/ 036375 PCT/ CHO2/ 00577 7 secand col or band, a fourth chol esteric
filter having a selective reflection band for the third col or band, a

fourth ch igs :HH& i erg te f t Bh{engo! @r
band, aét | rd svvr t F%{ii’qur d eafr yst a }Wl cfalacepo %lrt]lzgzlgt i on Sngl ocki ng
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pl ate igard 04 desli rdbesweeshabee f1ighi@nérybeatecant, caﬁaeat poila rfiiziattdonand
a sixth 10 retarder | ayer which is a half-wave plate is provided between
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state Qibéh%g eect' ;r Rapd t 0&1&1& %j ﬁ tdie cq ee%q%d'tm
swW t cha ﬁ F ti aﬁ

e | crysta I's elt y par al
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t he pol ation bl ocki el enent, two pre red enbodi nents, are vrd
I n one %rﬁ%ﬂ Kerardere E%Yeoﬂfi g‘g'{lr‘%h Bfocki &’5 Iwéﬁgntpigg?orjrﬁad PR & ear
pol ari 28dtwdédh e OF DEEL 28naMeedl MRIHond teHs St byi BedSexgat b) srlecttar der
| ayer which ~acts for the third color band as a quarter-wave plate and a

(fifQ h)reetmrdsm elareri Mhdichhaif ng hald e@ve ePtateeds oprewuided f betpeen
third ,%f { eafgﬁf{;rfrr Qlegg Qimhr%ﬁrsugﬂheaﬁe}fem ¢RQl egteric
avr ng a se ec e

filter rvere |on nd for frrst band an a

suppl emErdatiyng esaatler dfayetie Weespersive qualiocsr -beave phat edtdre axis of
the corresponding switchable 1liquid crystal cell is either
substantially parallel or substantially perpendicular to the

15 1light polarization direction.

For the polarization blocking element, two preferred embodiments
are provided. In one embodiment, the polarization blocking
element 1is formed by a 1linear polarizer. 1In the other
20 embodiment, it is formed by a (seventh) retarder layer which
acts for the third color band as a dgquarter-wave plate and a
(fifth) cholesteric filter having a selective reflection band

for the third color band.

25 In a preferred embodiment, a supplementary cholesteric filter
having a selective reflection band for the first color band and
a supplementary retarder layer which is a quarter-wave plate for
the first color band is added on the 1light input side. This
embodiment is directly suitable for unpolarized input light. On
30 the other hand, without the supplementary cholesteric filter and
retarder 1ayer, input 1light can be wused which is already
linearly polarized; this is for instance the case 1if a

polarization recovery scheme is wused to illuminate the



the first color band is added on the light input side. This enbodinent is
directly suitable for unpolarized input Iight. On 30 the other hand,
wi t hout twe sswpphenentary cholesteric filter and retarderciragmr/ooimput
|l ight can be used which is already linearly polarized; this is for
I nstance the case if a polarization récovery scheme is used to illum nate
t he WD 03/ 036375 PCT/ CHO2/ 00577 8 switchable color filter. Polarization
recove%%nﬁﬁhﬁﬁ?§aaééi&ﬁ°ﬂ@1t&§'nﬁoﬂ&?l@@@?éﬁ'?ﬂc@@éﬁ&'§§ﬁém&Bahrépkhbwn
unpol arized light into two beans of differently polarized light, and then
t r ansf orsandhenopoibsovhingnpoiavhzebeabhant spl bt popeiazazednleghthen@pher
and 5 caonbi,ne the t sin bea xanm 2 443,
Furthe&'?ﬂP%F n% %ﬁ geﬁggég¥ Re 5 %%%t%b %ﬁs eature O?E?ﬂgfogﬁvg Ci on
to all qyaslsztmtﬁttmn cof i bher bewint An@verdhap Pdltarikth e | @hgthe bander and
Preferably, the short-wavel ength cutoff of the second cholesteric filter is
di f f&r éfﬂmltlrrtﬁn themsh &t - daveinglg h Peah of f 88t heC¥ higxRHG e¥tePplent
filter.g ‘fgeously, the 1ong-wavel ength cutoff of the first
cholesterlc filter and the short-wavel ength cutoff of the third
chol esteric filter are at a 15 substantially equal wavel ength, which is
rt-_wavel engt h cutoff of second c oIesterl f Iter.

h h h
oror or mibter [EnBaR hent8) Bak el e thd s dun S iR ERREREE! BF ihe s

is di fifpreadidn omtbhe Longwwaianrgiderdw of Eidtetbe thitl cRelrd@sippring
filter. Advanta eous , the long-wavel ength cutoff 20 of the third
chol@stwavelengt At Bregwgfgvlmavtehengtlﬁrthtaﬂve%ﬁeg'ého?tlt%fepénejm

cutof f f- A él%'iéQt Jf']PJ: ef{t?ﬁéf i5! Ei EFrefl 'E‘.ﬂandt‘ﬁ %th%lrtsw

cells act as a rotata wave ate. |qU| crystal VIC S are
capabl ewfofpler fafr mthe 2Ritdi schplesaeriuncfllnert n Pphzmttagwud]yﬁ , t8SF-,
anti ferroelectrjc, threshol Ie S nt|- erroelectric qr ctroclli

%ong -wavelength cutof t first h iestergc ter ang %he

short-wavelength cutoff of the third cholesteric filter are at a
15 substantially equal wavelength, which is shorter than the short-
wavelength cutoff of the second cholesteric filter. Preferably,
the long-wavelength cutoff -of the second cholesteric filter is
different from the long-wavelength cutoff of the - third
cholesteric filter. Advantageously, the long-wavelength cutoff
20 of the third cholesteric filter is at a longer wavelength than

the short-wavelength cutoff of the fourth cholesteric filter.

The liquid crystal switchable cells act as a rotatable half-wave
plate. Many liquid crystal devices are capable of performing
25 this optical function, in particular DHF-, SSF-, anti-
ferroelectric, thresholdless anti—fefroelectric_or electroclinic

LC cells.

The invention is particularly suitable for a time-sequential
30 color device; it may, however, also be useful as a switchable

color filter for other applications.



LC cells. The invention is particularly suitable for a tine-sequential 30
color device; it may, however, also be useful as a switchable color filter
for ot herwapplosesas i ons. WO 03/ 036375 PCT/ CHO2/ 00577 9 A Ipcquirh2m0373t al
switchabl e color filter according to the invention can be used in
projection optics and in direct view d&tics. A further application is in
col or video caneras based on the tinme sequential technique. 5 The

i nvention sRyyves ey d¥oD! edtpi nddiRe PrddilorAr trid@dces cdpsGhnighed At the
begi nni ng and noreover does not unfavorably influence other inportant
par anetireentidn agani de buseht Aos Pra@ESiinge epticghendstiar i irect evd eyt

one hangseess & AL abbor Lhabohandednobotbl Lehbohaaedas BaBea on

require roduction of a col

S|npl|fthélEﬁmhté&quéﬂtﬂ&ﬂEﬂébmﬁﬂmnad and yet an outstandi ng performance
can be reached. 15 The color swtch design proposed by the invention
furthernore advant ageously allows to greatly reduce the dependence of the

cont r asfhON JARAMMBIAL | lsB'i%e sThEReC %Jﬂrexﬁé‘ st#ncenhe Z%Pijéf staad geramds 9
4, which represents a 'cholesteric filter / quarter wave plate / liquid

crystaldwxxbed qaartlee e gl ignae andchmreesz‘eeﬁ cdbekt erot cmffuag'@rraﬂqlo'n
used by t |nvent|on obserV|n Iar n f I| th|n t he
ffu }feFF r’e{ff%%rtasmi’ tP5 passes dhn%tén% % qulrhttn\g

sel ectiVe ~WaVer eng roug at1ron,” one can
see that the unpolarized input Ilght |s C|rcularly polarlzed by 25 a

cholesteric filter 63, and only g R-) circular]y polarlzed | i
pasd@s $HIce f PPLY¥r CholpAtreeka Wﬁ\}é EFﬁt efssong r radsdness, ﬂ'@lh%rl ﬁtlr}

linear|y; i Jnfieéd | 260 14190t 1eft-handed - are required, due to the

invention the production of a color switch is simplified and the
costs are reduced and yet an outstanding performance can be
reached.

15 _
The color switch design proposed by the invention furthermore

advantageously allows to greatly reduce the dependence of the

contrast on And-variations. This can for instance be understood
from Fig. 4, which represents a 'cholesteric filter / quarter-
20 wave plate / 1liquid crystal switch / quarter-wave plate /
cholesteric filter' configuration used by the invention. By
observing the polarization of 1light within the selective
wavelength range as it passes through the configuration, one can
see that the unpolarized input light is circularly polarized by
26 a cholesteric filter 63, and only right (R-) circularly
polarized 1light passes this filter. A quarter-wave plate 65
transforms this 1light into 1linearly (p-) polarized 1light.
Depending on the switching state of a liquid crystal switch 67,
the plane of 1linear polarization is rotated by 90° (top) or
30 remains unchanged (bottom). A further quarter-wave plate 69
transforms this light into R- (top) or L- (bottom) circularly
polarized light, and a further cholesteric filter 71 is used to

block the circularly polarized light of one of the switching



Dependi ng on the switching state of a liquid crystal swtch 67, the plane
of linear polarization is rotated by 90 (top) or 30 remai ns unchanged
(bottom .waoBwsdsher quarter-wave plate 69 transforns thi ®Crigiw/odsvo R-
(top) or L- (bottonm) circularly polarized light, and a further cholesteric
filter 71 is used to block the circula®ly polarized |ight of one of the
swi tching WO 03/036375 PCT/ CHO2/ 00577 10 states. If' for the two

chol estgrdiced i | $£1 $oeH ftfrfér o handedoessi c (ki apdrR) awedkdehe %%%@ed%%s'st i's
generally the case in the prior art, the exit cholesteric filter would

refl ect (IR- poflarR)zewoulfigie used, ) bltockengenenal outbeasiasen in the
R p0| ar Ixzfdrlégtpt Fl‘;’eBXx(:'\ignt esteg Eh%ﬁ{gé? ﬁr 5&‘3@&!&:@9 I g\éﬁ%.’ll(%%’d
where tHie Two a an

chol'est eri €rs ve egua edness,” the
chol estetglet, fil eer the ltbmda&rlg pstate zedu[Ldghatct( | @wer- pa$arme&| dighk .and

passes R-pol ari zed | upper ,case) Bﬁy er\u ng the state
c

pol af i 2% | oPPEagthe igqﬁbﬁ ¥F§§%8P Bﬁﬁl wENEedNVRRELPR ¢ W eIS LP&c IEYR
state té}?oiéé}?@flcpokﬁitéﬁé' B3vieS Al I1nduidd Cathe aék§t0fchbli%s|t€r1c

swi tch, and consequently variations in And have very little iInfluence on
the stafiltgr pbl abﬂ@aksommo?tmmcbhllghtn (d@neaascasenlmheFma ot) aemd

f I h b f
Guar { OISR A aLaT HERaTH 5 HObCbTYoSL 1| RYcRPSRF BULEL FBR BbREPaRfes

on the g&ldr 0ot ibn bl @hsO 1riRUdr esry@iLhas i gpewsl ose®f thh€ in the
quarter wave plates and the liquid crystal material. The And-vari ations
arel0 ofbkeglking ssatel thesdinerns PAAnigrion cbsoparaldel a%%oP@rtﬁgfatlo

h b It .b %_ch f
dar K bUthT e pFPh (T E S AnSins SobneBuArERY; VAR ER® lohnfndatan

the corvespont e i 6 Baskcé Nohheh8l sekt8Jost pbeariAdyaBhageouhky 1iwhth a
liquid crystal switchable color filter according to the invention there

are no Imr eohhreeti, ndapetiientp2omodut atdant iiguraddon BMEG) halsutta satghe
entity that corrgkls S, . :

exactly irefringence of the quarter-wave plates, imposing

15 not only stringent production tolerances on the cell gap 4, but

also requires matched dispersion of the quarter-wave plates and

the liquid crystal material. The And-variations are, of course,
still present in a switchable color filter according to the in-
vention, but result by analogy in a 3..5% change of (not the
20 dark but) the bright state transmission, which is far less

damaging than the corresponding increase in the blocking state.

Advantageously, with a liquid crystal switchable color filter
according to the invention there are no more three independent
25 modulation filters (BMFs), but a single entity that comprises
retarders and liquid crystal switches in a way that cannot be
described as a stack of independent BMFs, but are best regarded
as 'fused' BMFs. Fig. 2 may illustrate such a concept and shows
a block 7 of 'fused' BMFs in comparison to the independent BMFs
30 1, 3 and 5 of Fig. 1. This concept allows to freely choose the
bandwidth of each color and to manage the otherwise critical
birefringence of the BMF in its blocking state (Fig. 4 bottom).
In this respect, a main point is that although light inside the



retarders and liquid crystal switches in a way that cannot be described as
a stack of independent BMFs, but are best regarded as 'fused" BMFs. Fig. 2
may il | uswoaBmei®ush a concept and shows a block 7 of 'fueed/CHBRWB8s77N
conparison to the independent BM~s 30 1, 3 and 5 of Fig. 1. This concept
allows to freely choose the bandw dth1bf each col or and to manage the
otherwi se critical birefringence of the BM in its blocking state (Fig. 4

bott omgelddti¥d S remiR@Mtior? FanyePOolt thet Ned1@dt hough didtiMed ,Nnsindghicthe
WO 03/036375 PCT/ CH02/ 00577 11 selective reflection range of the filter is
bl ockecRutsidr Witsi dange sshendd sheul eraesnitirdi twiddaut hehandeangs of

pol ari I o, T, i n ' f ki | RiSeri,es: . L€ ty 4 N
el lipti cajf%]lzp% a‘?rl?'zegﬂfigghg%v%etp?}{sd%ﬁgl edtﬂeff]sy iff ?pel?Ie'nt4 ?ﬁgo%g (Ia%:i t%)htlﬁiat
cannot ieswbirpimsal kilpbiycalbpl polatrireddr 3ightiowduhr combé eitelgntdidif esealt! es

a confi ation where, at |least |[n good approximgtion, the birefringence
of the EREREVEHCES tHAY SAGWOSt bBEr cOPEPSBRESE 2 dtY orF 4P itthe TEEACEERS

state anslvefay £Stheha RRmiigAld b 1EW Nangee fliguirie ibhangddd | nge Shabgt I n
the 10 |atter case the total birefringence is either zero or a full
wavel enigt goed | apProximathen catke obirefvingeree i pfehbe BY¥Fdrgwersegh&he f or

t he bl o¢cking st at. OptiC.axis .of t cell i I t I.ght
pol ari z%%lgnogi %tel%tcﬁlg%.r RO laaﬁlnzgaﬁ_l%oen lt]% (‘;gFI %t%fl) %%(51 %@dﬂ ?eeglégt (% Q%‘)es

r et ar dathen pofl aXizatdlona dhchangéqurial i bhe vhenesnfiotitde btackindlist abe t he
optic axis of the LC cell is perpendicular to the |ight polarizatiagn

di r 88t i kREtes SRS LtheabtPbRré. RITEHINEE UhleSditdSd FRFOL RE tRr ditll
"hal f - ' ' - . 20 ' i he. t ext
o PRI RO 180 VUG BR¥rRE KRLBIREISTRLeRED! 38! oo™

t hat he nder stan Si€S 0 Eevi Cce.

act ual whedeélesorayhd fhRscicipt aphtal Ithef repaidieaxdbues silggestededy itshese
nanmes. The final performance of the I|iquid crystal ) )
parallel to the 1light polarization ~ direction. Rotating the

LC cell by 90° would lead to a retardation of A. Such a
15 configuration, where for the blocking state the optic axis of
the LC cell 1is ©perpendicular to the 1light polarization

direction, is also a feasible.

It should be understood that the terms 'half-wave' and 'quarter-
20 wave' as used in the present context are names that help to
understand qualitatively the physics of the device. The actual
values may differ substantially from the wvalues suggested by
these names. The final performance of the 1liquid crystal
switchable color filter is an interplay between the action of
25 the birefringent plates and the cholesteiic filters and has to
be found by optimizing (for instance numerically) the parameters

of the elements involved.

Depending on the precise application, there may be
30 polarizer/retarder combinations added to the 1light input and/or
the light output side. These are indicated in Fig. 1 and 2 as
components 9 and 11. Although cholesteric color switches

inherently act as polarizers, it can be preferable to use a



switchable color filter is an interplay between the action of 25 the

bi refringent plates and the cholesteric filters and has to be found by
opti m zi ngo(BoBe37THst ance nunerically) the paraneters of trea/aewess

i nvol ved. Depending on the precise application, there may be 30

pol ari zer/retarder conbinations added t® the |ight input and/or the |ight
out put side. These are indicated in Fi.g. 1 and 2 as conponents 9 and 11.

Al t houghy oot e?i—é’%@l&ﬁi@ér SWhh§hestat-HELS el YbéCEe%ﬁiP_@HaE'bZ RaSch tthean
be preferable to use a WO 03/036375 PCT/ CH02/00577 12 Iinear . .
pr e- pol binear pahdrisabider acepydiaglyquiSued t hbmeart hse-pphayizer is

pol ari zagllon accardi '23%1's¥tra erh f,! Logar .aprg;?af A28 | e {;{?iihﬁ%‘%‘éﬁle
desirable in'case a polarization réecycling schene 1S useg O Increase the
|'i ght ol# pubedf ticherdargasd i Kiesi Ieéght oobtpatcloft itheoul b . polikewiae), oct 0

t he subsequent 'hmager, retarders, and, oxgt ionally 'cleani ngugol ari,zers' may

be addeRt of8Er (B RUF evBOLRELRFGHOPoI &Pi 2N FUPFEIUrRGUi FERIES
high quaddiders Ohaat fo;fbi&&ﬂiﬁr adadad iy CPe1 2kl 81811 RyOfnd ghabastieric
filter to the needs of a liquid crystal swtchable color “filter according
to theo¥dsentponchievholtdet drigh fpolarizatidre wit toswrequbnedefort yyaht han
j ust one |f%%e)¥l’ of acchol esteric liquid crystal. For instance, it may al so
consi st44t PIARC P chol esteric 15 | ayer, which together act as a
circularly polarizing filter having a suitable reflection band, or the
pitch of the cholesteric |ayer, may vary over the |layer thickness. For the

cholf@st®R | @dant; eFhepreharadisr st Ofyst achodigphsirdc 261 4R8T cridd sitfked

net wor kge £&SPEEL iavel i Hpodeafduantagapisal voildie #inuld gey¥elaing! @ents
of the color filter, “that IS cholesteric filters, retarders and sw tches,

are al igredinyengiphot & ochedeatevhct diltiequemayniveg ¢he adi idre e coMPdSRNn
type than just one layer of a cholesteric liquid crystal. For
instance, it may also consist of more than one cholestéric

15 laYer, which together act as a circularly polarizing filter
having a suitable reflection band, or the pitch of the

cholesteric layer may vary over the layer thickness.

For the cholesteric filters preferably liquid crystal polymers

20 and crosslinked networks respectively are used.

Advantageously, the liquid crystal elements of the color filter,
that is cholesteric filters, retarders and switches, are aligned
by a photo-orientation technique. Among the different known
25 methods particularly well suited will be those wusing linear
photopolymerization (LLP), also sometimes referred to as
photooriented  polymer network (PPN) . Backgrounds and
manufacturing of such elements are disclosed in, for example,
US-A-5389698, US-A-5838407, US-A-5602661, EP-A-689084, EP-A-
30 0756193, WO-A-99/49360, WO-A-99/64924, and WO-A-00/36463.



25 nethods particularly well suited will be those using |inear

phot opol yneri zation (LLP), also sonetines referred to as photooriented

pol ynmer meowsnBe3¢PPN) . Backgrounds and manufacturing of ®aaiCHbkerEmts are
di sclosed in, for exanple, US A-5389698, US-A-5838407, US-A-5602661

EP- A- 689084, EP-A- 30 0756193, WO A-99139360, WO A-99/ 64924, and

WO A- 00/ 36463. WO 03/ 036375 PCT/ CHO2/ 00577 13 The aforenenti oned and ot her
enbodi NFRe S a2BEeAEYBALABAS fHfd tdenert N¥ABLEORAARE RAdSeR/dKidgddecE! alHs
and the description herein below 5 The invention will now be described by
way of Jaxesmtiomi ¢an befeseencérom the sdadmpaapdngher deisegdptienwhiedeinr g.
1 isaaﬁgfg&h showi ng the general structure of a known color switch; 10
Fig. 21s a sketch illustrating the concept of ' fused" BMFs in conparison
to the i ndependent BMFs of Fig. 1; Fig. 3 is a schematic representation of

a known_col gr switch conprising three band nodulation filters; Fig. .4
T L st rEHes LovetdiaBs, WELL 1199% ope aﬁﬁF’Eé’P?%\}a’ Y8Ypl 9f e FXFTRYS d Wyt al

SWi t ch /e fUIBEAEE - Y8 VENP! £t CorparfliBl P @i itndd | tiel 'wraQH.i guration used by
the invention; Fig. 5is a schematic représentation of a color switch
according to a first enbodi nent of the present 20 invention; Fig. 6a to 6¢C
are explanatory di.agrans, show ng the basic _arrangenent .and operati f a
i rot B frent o (RaskBF ebe RPokRfantrisn o Hd AN TElogee 1B 3, )l
transm ssivities fagldbhesdiv®se 25 color bands of an enbodi nent of the
inv?gtion; Fgg. 8 shows the total tine avera?Fd out put corresponding to

Fig. is a sketch illustrating the concept of 'fused' BMFs
in comparison to the independent BMFs of Fig. 1;
Fig. 3 is a schematic representation of a known color switch

comprising three band modulation filters;

Fig. 4 illustrates a ‘'cholesteric filter / dquarter-wave
15 | plate / 1liquid crystal switch / quarter-wave plate /
cholesteric filter! configuration used by the
invention;
Fig. 5 is a schematic representation of a color switch

according to a first embodiment of the present

20 invention;
Fig. 6a to 6c are explanatory diagrams showing the basic
arrangement and operation 6f a first embodiment of the

present invention;

Fig. 7 is a graph showing transmissivities for the three
25 color bands of an embodiment of the invention;
Fig. 8 shows the total time averaged output corresponding to

the transmittivity spectra of Fig. 7;
Fig. 9 is a chromaticity diagram showing the color
coordinates corresponding to the transmittivity
30 spectra of the top row of Fig. 7, compared to an NTSC
TV system;



the transmttivity spectra of Fig. 7; Fig. 9 is a chromaticity diagram
showi ng the color coordinates corresponding to the transmttivity 30
spectra owotldm3dsep row of Fig. 7, conpared to an NTSC TVPSYTAtHNI0034D

03/ 036375 PCT/ CHO2/ 00577 14 Fig. 10 is a schematic representation of a
color swwtch according to a second entédi nrent of the present invention,
nodi fied as conpared with Fig. 5; Fig. 11 is a graph show ng

transmﬁﬁg{.vlfoes iy the ddiatir i CHRr 28 G e8RONGI NGARL! NGwitch
enbodi ment shown in Fig. 10; Fig. 12"shows the total tine averaged out put
correspondi ng to adweondimgsnitia i A t peseack r gndfodiimgntl 1 ofandhei gpregend a
chromaticity di agr.am cqr.respondj. to. th 10 _transm ssivities shown in
Fig. 11. Referri nglanée ci:tléml'—'i &O%'&qtehdgraés %?mégﬁgrcrlaf“’ﬁggl %gi'l Ustrated a
liquidmigstal swilechabl graghorsHowimey teanengsaibitits efdpditrmnt thfrelche

i nvention. It conprises three ferroelectric 15 liquid cral,stal swi tches 81,
83, @nd 85, and siSPlHoIRARAF | €OrFEFPRRdIRg tgg they empodigreni,(shewnpdiveen
each liquid cryst%Hg;ngéph and the two cholesteric filters adjacent to it,
quarter- wave plates 99, 101, 103, 105, 107 and 109 are inserted, and

bet weerFide 12w i mimwspdilies toftahot Bse eaverdagéed eostpuhecerarepofBipgovioded

two hal f-wave plates 111 and,113.. Unpol ari zed | ight s _i.npinging from
the left. As in Fitg".e ,ran(?&]ittj)t&é’llté’l gﬁgﬁttgas&gh%gg‘a§ém ﬁpldzer 53 and a
retardeFips mye iingi cat edh@bthQcEBFUt dSladgamhi ddrr@spdriiidgst esce the
required 25 in conbination with a polarization recovery schene. At the

out fit si de, one drapFE sAdFiitii@falshosaigeFdds71dnd 59 may be provided to
convert the circularly polarized light to linearly

Referring now to Fig. 5, there is schematically illustrated a
liquid crystal switchable «color filter forming a first
embodiment of the invention. It comprises three ferroelectric
15 1liquid crystal switches 81, 83, and 85, and six cholesteric
filters 87, 89, 91, 93, 95 and 97. Between each liquid crystal
switch and the two cholesteric filters adjacent to it, quarter-
wave plates 99, 101, 103, 105, 107 and 109 are inserted, and
between the two inner pairs of cholesteric filters, there are

20 provided two half-wave plates 111 and 113.

Unpolarized light 51 is impinging from the left. As in Fig. 3,
optional elements such as a polarizer 53 and a retarder 55 are
indicated at the input side, which may for instance be required
25 in combination with a polarization recovery scheme. At the
output side, one or more additional retarders 57 and 59 may be
provided to convert the circularly polarized light to linearly
polarized 1light 61. At the output, 1light has identical
polarization for all colors.
30
An important feature of a color switch according to the
invention is the fact that all cholesteric filters have the same

handedness, indicated in Fig. 5 by the "+"-signs (which have no



pol ari zed light 61. At the output, light has identical polarization for
all colors. 30 An inportant feature of a color swtch according to the

I nvent i orwio3tobe375 act that all cholesteric filters have tPeTsEHR/N00577
handedness, indicated in Fig. 5 by the "+"-signs (which have no WO

03/ 036375 PCT/ CH02/ 00577 15 neaning wWl?h regard to the twi st sense and
could equally well be all "-"-signs) . The use of only one handedness is

made possddiy WitH heegdR§erdi ORe Ofwide s¥Rs8abhavwawalal agasiiyl wand bE3.
They serve to conpensate the hal f-wave plate character of the 5 preceding

band nodkd atibreignekr . The upepeady afdit iHedandrdnesmeiscpage’ RASEIRAFe
plate @ickne MALLEEIUAVRMIAHS cfS HAFE LAyLNB1REERC 1©OExi13! e rjages

that hel’p to understand qualitatrvely the physics o vice. 1
act ual seatuees twr e cohpeesassarthy ahabkawaveuaplateof charaspeerfi ofl | ghe

defi ped wavel.ength but a lven optimzing the paranmeters of the
bi re‘?ri‘f‘?@%‘iﬁ ﬁ%@%ﬁ@‘%‘ﬁtﬁq—e’ﬁ%ré)%tﬁ%'ters of the color switch as a
whol e. 15 The optical concept of the liquid crystal sw tchable col or

filter of Fig. 5 is schematically illustrated in Fig. 6a, 6b and 6c. Each
of the A8 gadasashowmenhaonsde altoert i dhef ofesie othahe-wave e@ltiefar pnd

col ors | In.thi.s e le), Fi a.for e erj o4, Ji b_f t he
green p(é*%lc%r(}4 %n&tgﬁ?eg.égg{g?or at{e&%?cgelkzot}%%rngge?ﬁ tér?glctﬁ)gtu?aeg?g nales
unpol artitzeed He pht td suhdetseand Gyanivhiieébyacke physiog afr ahe, device.
L-circularly EOl arized light by a single filled black arrow, R-polarized
i gh? tAP&y eFR¥RE ofrbues r ake T‘H‘étZSE%@ﬁstair&lJrYofa’Ph(?}?rcrtov@uPFB Ie?{ fo

right idgglicatiesaily &FPhed WAGELBHGEROBUR! W el |PiferSiB) opPinedihgi @il
si de). rresponding to Fi g 5, the color filter con}l)rl ses: three tines
parameters of the birefringent plates and cholesteric filters of

the color switch as a whole.

15 The optical concept of the 1liquid crystal switchable color
filter of Fig. 5 is schematically illustrated in Fig. 6a, 6b and
6c. Each of the figures shows the mode of action for one of the
three primary colors (RGB in this example), Fig. 6a for the red
pefiod, Fig. 6b for the green period and Fig. 6c for the blue

20 period. '

In the figures, unpolarized light is indicated by a white/black
pair of arrows, L-circularly polarized light by a single filled
black arrow, R-polarized 1light by a single open arrow. The
25 position of the arrows from left to right indicates its color,

ranging from blue (left side) to red (right side).

Corresponding to Fig. 5, the color filter comprises: three times
a combination 'quarter-wave plate / liquid
30 crystal switch / quarter-wave plate', for the sake of simplicity
referred to as ‘'switch' and labeled swl, sw2, and sw3; six
choiesteric filters labeled cfbl, cfb2, cfgl, cfg2, cfrl, and
cfr2; and two half-wave plates labeled retl and ret2. Each of



a conbination 'quarter-wave plate / liquid 30 crystal switch /
quarter-wave plate', for the sake of sinplicity referred to as "switch' and
| abel ed swib,03886375 and sw3; six cholesteric filters | abel edTafik/00z7b2,
cfgl, cfg2, cfrl, and cfr2; and two half-wave plates |abeled retl and
ret2. Each of WD 03/036375 PCT/ CHO02/00%7 16 the

retarder/sw.tch-conbi nations, cholesteric filters and half- wave plates are

Shown ahe LEEhRAEH) Bii beK-XHBIEhPIohS onbhsita_stteelel hitithYy &a€hhale-
cholesteric filter, the wavel ength range of selective reflection is marked

Wi t hi n wahee c@l@@%%oﬁ@en@m Be aa FerthngHdaramex extemtiaihefsons left

|nd|cated | I n ear h o0 e 6a b

swi t chd® |s¥$ﬁtt hg°§ %aCht% 2 ?%t% #;dfﬁPFth:th%o Vg%genge gt)kﬁ{]h lg%%ness)
and t weligttiiiiae ' ok thigdn Si@trﬁaf]Céd)S‘BhEhnﬁledhélbbrﬁgspﬁﬂﬂ@ﬁg@ bbx1by a
handedness).. The fiqures differ onI,y i.n t.he %ﬁld%ﬁ{that Is. switched 'on'.
Let s Hillsingyi sk £hedande d5 9% o*Fi §198a), with the
red switch sw3 on, and the bl ue svvitch swl and the 15 green switch sw2
‘off'. Unpolarized white light is inpinging fromthe top onto the (bl ue)
chol estlay ieadh |ofrtle¢ bBig206an Glhealguécsp@@@raf EhagewibahgsLigi dABulthel y

polarlzedll t Jql.t.er; the onent refl ected | I n
t he gre@h % aF%d@B@SPF I @gr ertal ns@h%ﬁ arQl%e é(ndec?ne§sf?p,0|%?<lﬁzggr§o_
Swi t ch jgivl ¢€Bei n'bheckliaghi ngtsitat e, (ddudstatclidd chullpiasg f hechandedneds of
t he |I%ht Since only the bl ue part of 25 the spectrumis pol arlzed t.he
chaﬂbe dadnrsfess e edigusgisy difEeB| uenbYr tinf thR QT ukbathadgi ng

t he %ﬁJacL Hd i to the R-polarization. The next cholesteric filter
cfb2, Ich 1s ubstantially identical to cfbl, then blocks this Iight.
Green and red renain unpol ari zed.

Let us first discuss the red period (corresponding to Fig. 6a),
with the red switch sw3 'on' and the blue switch swl and the

15 green switch sw2 'off'.

Unpolarized white 1light is impinging from the top onto the
- (blue) cholesteric filter cfbl.

20 In the blue spectral range, only L-circularly polarized 1light
passes the filter; the R-component is reflected. Light in the
green and red spectral range remains unchanged (i.e.
unpolarized). Switch swl is in the blocking state, that is, it
changes the handedness of the light. Since only the blue part of

25 the spectrum is polarized, the change in handedness affects only
the blue part of the spectrum, changing the L-polarization to
the R-polarization. The next cholesteric filter cfb2, which is
substantially identical to cfbl, then blocks this light. Green
and red remain unpolarized.

30
The case of the 1light in the green spectral range is very
similar. The light remains unpolarized after passing through the

half-wave plate retl until it hits the (green) cholesteric



30 The case of the light in the green spectral range is very simlar. The
| i ght remains unpol ari zed after passing through the half-wave plate retl
until it Wotes/oBdses (green) chol esteric WO 03/ 036375 PCT/ CHezmaQH2/005717
filter cfgl, where only the R-polarized light is passed. Switch sw2 then
reverses the polarization and the next 17chol esteric filter cfg2 then bl ocks
this light. 5 The case of the light in the red spectral range is different.

After paseidd téegd) uewRBdeOr 8aMyf i ther fepbilapszeAc! udghe t he ISfsetmve
plates reti and ret2 unchanged, the red light is polarized by the (red)
chol est¥¥itchiswr &hen Theversefmpokdgt RPLamkzatePnighndpasthe am@®Xthe

R- conpo ' ef | ] 1S . 2Qn' state and | eaves the
pol ari z@?%%étfs%h%téf{e% a%%f%}%&f‘ibghvéfc%i&#lpéa?ggg&?he chol esteric filter
cfr2, yielding red, L-polarized output Iight, The green period (shown in
Fig. _6b), where the greepn.switch s 15.is on, and the bluye switch swi and
the Fodttitu anesid arie Laphe, Iy Ue ghery SRERE A T4 lS P EREMI ue
spect r alff&ngBaskifge the VL Edaaae geeRar d 1t Neect BshPCiholudbhgl ledid Vv,
the red spectral range remains 20 unpol arized until it reaches the

chol estkalfc-vwave eplefteds wetd oang tirtl - sowhemeed, patbes, refhi chight cHénged
toth - I t it { d th hol '
0 € é%féztai%alcﬁgb% Qgez:ﬂ'x;[eﬁg S&@ofé‘bq:e%%:at?iﬂ?& CP¥1. ?‘P% %—%%Enif'b#l%rnt

filter ase green spe range 1s difrerént.
passi np25 tihe hade flilgher paekiesn andl ucheg R-hsodadiieave gl atef leettied .

unchanged, the green light is polarized by the cholesteric  filter cfgl,
whi ¢6 p%‘%%‘é%hﬁf& Llﬁoﬂ'ﬁ‘orﬁ?ﬁ O‘E‘I‘y. S"'FﬂEeg. Y& the Pﬁéarb.ﬁaté?ﬁft gndoes
not chapge {bkeape! arhealiiQht &tk hPassddhtnLaeneIedt ekibOlfaNierd drirght
the next cholesteric filter 30 cfg2. The half-wave plate ret2 reverses the
pol ari zst¢lghing red, L-polarized output light.

The green period (shown in Fig. 6b), where the green switch sw2
15 1is ‘'on' and the blue switch swl and the red switch sw3 are

'off', is slightly more complicated.

For the blue spectral range, there is no change compared to the
red period. Similarly, the red spectral range remains
20 unpolarized until it reaches the cholesteric filter cfrl, were
only the L-component passes, which is changed to the R-state by

the switch sw3 and then blocked by the cholesteric filter cfr2.

The case of the green spectral range is different. After passing
25 the blue filter section including the half-wave plate retl
unchanged, the green 1light 1is polarized by the cholesteric
filter cfgl, which passes the L-component only. The green switch
in the 'on' state does not change this polarization, and the
light passes as L-polarized 1light the next 'cholesteric filter
30 cfg2. The half-wave plate ret2 reverses the polarization to
R-polarized 1light. Then, the switch sw3 of the red filter

section changes the polarization state of the green light (at



R-pol arized light. Then, the switch sw3 of the red filter section changes
the polarization state of the green light (at WO 03/036375 PCT/ CHO2/ 00577
18 | east wo 0a/08d3rst approximation) fromR to L. The out putPCrscHRI00E7

L- pol ari zed, green light. This crucial influence on the green |light by the
red filter 5 sectionis in stark contid®st to color switches of the prior
art using independent band nodul ation filters, where the green |ight

passes 1desd asd Hamdreeduppricinbiciba) yrerangah FinehéYoubbhgt & Hhaes
the nmost difficult case, nanely the 10 period of the color of the first

filter berelanizedy tFeeqn ebight - exanple, this is the blue period, where the
blue switch swl is 'on' and. the green switch sw2 and the red swtch sw3
is "off'. The red spectral range is blocked as in Fig. 6b and the green 15
spect r athisngeuicdall otkfBuasce n dri gth€a.grBen blightspdmt r aher arg ifdlter

L-polarized, by the,cholesteric filter cfhl, the asses_the switch s and
thg @ho%%‘s'i’e‘? ctS¢ Pt §Fag f%ttrﬁ‘sﬁo%@n ofs n"-f‘gl?"?sza?’?oﬁﬁel—ﬁlrf'pﬁa\?\é\:ﬂt

pl ate neding0i AdEPeh&VEF SBand NRoRAL AEL AL EQNLEPs R PRERET ZRE, g¥BEkah 1 NS
unchanged by the cholesteric filter cfgl. Next, switch sw2 approximtely
rever sé2aa9Rs pghrarlast i kandgesdnkarion fid et unedlanggsle plate ret 2
reverses back to R Finally, switch sw3 reverses the polarization back to
L, giving L-polarized blue 25 |ight output. Again, the concept of

i ndepermial Band Finfluled | Bhdvd t ehe #loes né@ifBpphyt Sidwse botdanidlsy r etheand
the green filter section changte the polarjzation state of the bl ue

spedd r Re¥ieReOt 36Dfn CRLPE Oer llﬁrb@tf{'% 1hfey hgeshi it i OR, tPE PXSSSIused

the aduahfOeoushpESisbidid YbPhe CPAPEHAY WherE It ©1@E aghetbRAt EGS iguch
that for the cholesteric filters overlappi ng wavel engt h
"'on' and the green switch sw2 and the red switch sw3 is 'off'.

The red spectral range is blocked as in Fig. 6b and the green

15 spectral range is blocked as in Fig. 6a.

The blue spectral range is L-polarized by the cholesteric
filter cfbl, then passes the switch swl and the cholesteric
filter cfb2 with no change of polarization. Half-wave plate retl
20 then reverses the polarization to R-polarized, which remains
unchanged by the cholesteric filter cfgl. Next, switch sw2
approximately reverses the polarization again to L, and the
half-wave plate ret2 reverses back to R. Finally, switch sw3
reverses the polarization back to L, giving L-polarized blue

25 1light output.

Again, the concept of independent band modulation filters
does not apply since both the red and the green filter section
change the polarization state of the blue spectral range.

30
In a further embodiment of the invention, it can be used the
advantageous possibility.of choosing the filter characteristics

such that for the cholesteric filters overlapping wavelength



WD 03/ 036375 PCT/ CHO2/ 00577 19 bands result. As discussed above, this is

i mportant if the light of the lanp should be used efficiently. Conpared to
t he firstwembwesisnent descri bed above, there are two 5 relperarHo20bEmIges in
this further enbodinent: In the red part, the |ong-wavel ength cutoff of
the green filter is at a |onger wavel 8igth than the short-wavel ength
cutoff of the red filter, i.e. the blocking ranges overlap, with the

desi r edhdregsll feddibt . ans de{ bogdse@vebeng) hehandisanmperbhaeked enephaidly.
Whereas this 10 feature is al so C{)OSSl ble wiith the known concept of

i ndeperfertthe bkaftp ftrile ikm ys9d @ iqipntdieen/ bl ue boundary, however, is
different. The two blue as well as the two green cholesteric filters have
different selective reflection bands. Using the same reasoning as in the
di scusampadfedri go 6heoifa risitndsnkidebimed® tdess dhgpdveatsdengt bhene oadreoftwohe

cholesterjc filter cfbl together w t he short-wavel ength cutoff of . the
choI%st%‘?ir’bvarftrl Féf’mgﬁﬁl ldb?'é]Ph?ngulrﬁigeFo L eé”ng:thlﬁgt ¥t &t ans-

mtted dghdle1bhghlvavEUehieh, R nels that drieen o weyelangith a cubeilerof
the cholesteric filter Cfb2 together with the short 20 wavel ength cutoff of
t he chofaselenathi than ¢he shertaekengthshentofhfiv eferfdin eedofi LRI he

transmfied plucy)Loityg SH065eo 0gaE GHE Ol eAUAL CAALIRA2D.061 L BRLY a
chosen,” advantageously = any desire d- pass characterrstics can be

i npl enedd £the®Swdtiel drgtgnbandcepns e r¥dodiest abomplatel yseWheraad tadel t

in switchable ¢olor filters, of quite ggod uality. However, .the inplicit
asslfptiepturme 18 Pls RIS Wabk- W86e “3!% Infrepy) pE o s

certai ynPnibaRRBEQ6NTE £ Yeid U t1RS Gredd/BNEE bLORLHA¥SFENhGheded ] AYisd
crystal swtchable color filter 30 according to the invention, it is

t her ef otif frugisedThe dptd nbiee tdwe welht iake the afyonegreenf chidesteric

conponent.s. To find sych.an rrangenent, for..instance an.optim.zi ng
al gori tlﬂlhf%%lf_ﬁ bé)alyseedglgferen SO Ve TR ARCE 048! Ifglng the

same reasoning as in the discussion of Fig. 6, one finds that
15 the 1long-wavelength cutoff of the cholesteric filter cfbl
together with the short-wavelength cutoff of the cholesteric
filter cfgl determine the long-wavelength cutoff of the trans-
mitted blue 1light. Further, one finds that the long-wavelength
cutoff of the cholesteric filter cfb2 together with the short-
20 wavelength cutoff of the cholesteric filter cfg2 determine the
short-wavelength cutoff of the transmitted blue 1light. Since
these cutoff-wavelengths can be freely chosen, advantageously

any desired band-pass characteristics can be implemented.

26 The design concepts described above are useful and result in
switchable color filters of quite good quality. However, the
implicit assumption that all switches are half-wave plates for
all wavelengths is certainly only approximately true. As a
further improvement of a liquid crystal switchable color filter

30 according to the invention, it is therefore proposed to optimize
the relative arrangements of the components. To find such an

arrangement, for instance an optimizing algorithm can be used.



WD 03/ 036375 PCT/ CHO2/ 00577 20 In a successful exanple, an al gorithm was
used, which consists of a routine that calculates the transm ssion spectra
of a gi vewo wosds7gur ati on and determ nes fromthese data @caaHo2fosrati on
that is a neasure of the quality of the configuration. The cost 5 function
Is mnimal if both, color saturation ad@d brightness are nmaxim zed. An
optim zation routine then varies the original configuration until a

M Ni MM Sal eRchedsfFan té}eangqset fyRchigBrithie walsdaidddm A1 88S ¢onkad tigh
nore detail below 10 Fi nd 8 show the result of such an optim zation,

and Fi ef o2 yeveine hehebrczeépuhatﬁg Eheoﬁﬁ@nemwsaoagsnﬂctrﬁ Ffga giveme
transm i p {I%J{’é{t ot ol rd'ZSQtJethﬁeés £33N, éIQ% Q% oP roé/k‘)é/\é”fun%%mn

anal yzer orl e desrgn rection an tom
per pendiltat aist a mbasﬁmatm&stheﬂqu&iiﬁyﬂmb nmeluunﬁagueatiSnmnTheutamt

additiopnal polarjzer,are 31, 88 apd 15_for red, re n
espboth RS fom e aBLEbRa hint £ bobPg. 81GF\ BERkaCE Proand braghiesscArE o

Fi 9. 7.mkimifedhous, t t%lﬁrat%er dirBatefie Ofhéfie VDPRLd A i 1 BEiLARAIOW
of Fig. 7 (open circles) in conparison with the NTSC values (triangle and

+ si gnsjoniguatorceinehl Bringininegs igndreanhesd ner peef eestcéusction.
sat ur at},,0 as, t = hi eqr ee of I 1l Qn are evi dent from

t hese o:h-tlg @?%%@ e Tt ﬁ?ﬁa@eq’eng%%e d%T%at%‘n Zb%hq esteric filters were
part of the optim zation procedure these data 25 again illustrate the

|nportance of the overlap of the blue _and the green spectral ran%_. In a
var 1@t i Bk of 7 t 34 | ivelRey okhet Kesuifupl sprght ap 9RF%EH&BFé°ncoPBﬂ iGt-e? can

al 50 be; AAapt ehef ObokBRUbohhghl Mot A1SAMM 230l neph! ypapp! o7 ] 2@he as

is for instance the case if a polarization recycling schene i's used to
i || umi netansrivossism t Dombhepélatized | highict ist sleovim quin thestap sawt etighl e

color an analyzer oriented in the design direction and in the bottom

row perpendicular to it. Contrast ratios (ratio of luminance)
15 without an additional polarizer are 31, 88 and 15 for red, green
and blue, respectively, and 45 for white. Fig. 8 gives the time-
averaged spectra of Fig. 7. Fig. 9 shows the color coordinates
of the spectra in the top row of Fig. 7 (open circles) in
comparison with the NTSC values (triangle and + signs).
20
The excellent brightness and the almost perfect color saturation
as well as the high degree of polarization are evident from
these data. Since the cut-off wavelengths of the cholesteric
filters were part of the optimization procedure, these data
25 again illustrate the importance of the overlap of the blue and

the green spectral range.

In a variation of the invention, the liquid crystal switchable
color filter can also be adapted for input light that is already
30 1linearly polarized, as is for instance the case 1if a
polarization recycling scheme is wused to illuminate the

switchable filter. In fact, the liquid crystal switchable color



WO 03/ 036375 PCT/ CHO2/ 00577 21 filter may be sinplified in this case: the
first cholesteric filter as well as the first quarter-wave plate can be
om tted. wBiogiob@rsy, in a further variation of the inventipom/CH2@037ast 5
chol esteric filter can be omtted if on the Iight output side a polarizer
is used that can handle the full light2intensity (for high intensities
e.g. a polarizing beamsplitter). FromFig. 6 it can be seen that the | ast

chol estefitted i hg" 141 2ia@NYEIel0 iP| @Bk sONCaded €heCUf BFsPOlableatiednc
Further, fromFi g. 4 10 show ng schematically the principal conponents of a
filter £ikery ;s ivekhmdchedinsaquardatcagde pladte rgrabs ORitasdal so be
achieved by a linear polarizer just after the liquid crystal swtch. Thus,
the handling of the red spectral range is not changed if the cholesteric
filter simiZldwhet hén vat ifutrhhel5 vawidtetomavé wiave phatetdoe,r ephacdasity a

| i near polarizer, To,_inprove the al i .Qf thig enpodinment, it is_.however
al:lva?‘nt I"(Z%r]rfékgﬂs%ﬁ ?%%t bgi og‘lljlrétlga?/ré%t ior?el'iiff’er? It’r n?‘ﬁbplllg plgéleala '
ranges forpefzandi §l Usdqatgapbeambefindi e hend i ACRI 1Pgher iaBEndstY t(itbe as

possi bl'e. One way to reach this goal is 20 the optimization of the,
par anetleékgh ointapsibhesnieng -cohppadarszingi peamo sphiddean J | Foemr &didon 6of a

color swt according t.0 th vari ati I avent | on: JUs I Qned.
I t corrpl\rq‘} sé%nt (réeeS%%rgr?l?)ae eg Fi galsi%qu(’ﬁ-gﬁ(?%{}:set%% sfv]\%f"{:]%fes&l%, é?gggga%g)
125, f @lloddo chud estedi Ccirtti®as 1gdlat2fatidd. anduiBBer| oufrguar Fag-.wave

plates 135, 137, 139, and 141, two half-wave plates 143 and 145, _and two
|i nédr ShAENG ersChematinplis thee &% | FOTOPEEPER sREwn & n FRTgeT11

(the thyga Lol ofc 39nbBRISLeANE ALY thk? ddied si@a{fﬂ%rés@ﬂoﬁuegﬂt h18%
well as the respective chromaticity diagramof Fig. 13 show that also in

this cdwe achbeded but hsfldceery medlagrizem tiostcanf ter deké ghaduidOcTysgad375
PCT/ C|_|Oszv./riotoc‘r}l?.7 Thus, the handling of the red spectral range is not
changed if the cholesteric filter cfr2 together with the
15 quarter-wave wave plate are replaced by a linear polarizer. To
improve the quality of this embodiment, it 1is however
advantageous to make sure that at the same time the remaining
spectral ranges (green and blue) are absorbed by the linear
polarizer as little as possible. One way to reach this goal is

20 the optimization of the parameters of the remaining components.

Fig. 10 gives an illustration of a color switch according to the
variations of the invention just mentioned. It comprises three
ferroelectric liquid crystal switches 121, 123, and 125, four
25 cholesteric filters 127, 129, 131 and 133, four quarter-wave
plates 135, 137, 139, and 141, two half-wave plates 143 and 145,

and two linear polarizers 147 and 149.

The corresponding spectra. shown in Fig. 11 (the three color
30 bands) and Fig. 12 (total time averaged output) as well as the
respective chromaticity diagram of Fig. 13 show that also in

this case indeed a satisfactory color switch can be designed.



22 For the calculations in the exanples given, the following conditions
have been used: The color filters are conposed of polarizers, retarders,
chol est erwo oBiobd3es s and |liquid crystal 5 switches. The calpcalcHmons7use a
4x4-matrix formalism Retarders and cholesteric filters use the same nodel
for the birefringence n, nanely n(?.)2z no + nl a,2 / (X2_ ,02), using the

paraneters given in Table |I. The liquid crystal switches are surface
stabilized ferroelectric (SSF) cells, which have 10 slightly different
paraneters al so shown in Table |I. Table | ne no paraneter no ni Xo no nl

Xo retEoulerthe ctalstwhatti ans6gim. 2@ 22&(@@16@059!1@214 1the92 foflliowdng SSF
switch 1.3 0,258, 224. 205 0..32 theotlmzat 0 outd ne
the fol¥? ]fjﬁyl%%sst hﬁvﬁcs?%?‘PG F?d m4Ir'11|}m zeg *cad cu e £hE comﬂo@e& %fl
tristipdlerissponsesta¥dery, eZEolaEterycF) flidteald &hdeel tplial S ckystR1G B,
assum gigwa white (equal _ energy nm bandwi dt h Qurce. In r eal

appl ¥ catorthesigviig agrbeel gt +hR sB%Et?uﬁ?‘éf mf‘ﬁE')Lﬁctfggf“a g SEEAXASHE t he

20 proj gy i onryidam,shoul ¢iheysed. (Wbth the dajameal Glade GrorY_ e
((xF -XFO 2 +(YF YFO 2) +g2F(YF -YF0)2 F=R G B and nminimze Gby with
respectbirefhingdiowe i, Strechedar anEher s. nomF(alamS yFQ Eehgt e, t e itrey gehe
values x,y for the color co- ordinates (taken as the NTSC col or
co- ordlpﬁa}té@%ettws)uglmanpi@s)'raaﬂe'rﬁe t BThgetl igigescrystahe Wl@hﬁfeséreYFO
are det erm ned fr t 036375 PCTL/ CHO 77 bri S
| deal coLf Itgg% tfql% dea erfr?etlec gélls? a %QPF ce:ﬁs gwﬁlif&?

10 sllghtly different parameters also shown in Table I.

Table I
Ne o
parameter no nj Ao no nj Mo
retarders,

colesteric 1.368 0.262 221.2 1.205 0.324 |170.92

filters

SSF switch 1.381 | 0.258 | 224.5 | 1.205 | 0.324 1170.92

15 In the optimization routine the following cost function G is
minimized: Calculate the tristimulus-responses (Xp, Yr, ZF, XF,
yr) for all three colors F = R,G,B, assuming a white (equal
energy per nm bandwidth) 1light source. In a real application,
advantageously the spectrum of the actual light source of the

20 projection system should be used. With the data calculate

G= F_RZGB g, (5p=xpg)? +(r —ypo) )+ 82r (Yr = Ypp)?

and minimize G by with respect to the above listed parameters.
Xxrpo and yro denote the target wvalues x,y for the color co-

ordinates (taken as the NTSC color co-ordinates in our examples)

25 The target values for the brightness, Ypg are determined from the



transm ssion of 1 in a given wavel ength band and falls off to O over 10 nm
on each side. The bandw dths of the filter are chosen as w de as possible
whi |l e stiwb mesarfni ng the desired color 5 saturation. Notectrheozies77a
specific design the actual lanp spectrumhas to be enployed in this

cal cul ation. The resulting brightness2df the three colors of these ideal
filters is used as target values for the color swtch. In our case, the

val ues W?ht@'xés?s 8£2%And38a 05 dollorr FiRkefs BHigSPEEdavelrltéhe abues of
10 YF shoul d be |larger than, but close to, the maxi numthat_can be

at t ai nddrgnsmigaienothbrl Aote ghyen aviedengish tames And i tmlls obfstaud to
the polgy xzefé I?T]hﬁ]"%gﬁtsP&‘é?"P@@ﬁaﬂdv@{&tﬁQ%?“ hénkﬂégg é?tégrch?;%lee%ted

recur5|ve suc e size correspondi ng terns in
optim zaii m:idar easi Iidsayibled (hilai nstai Flactretadhingn, tneefctafsalme,d t kodex. A
paramet er set .of components involved in an xa | e .accor di ng o thﬁ fi rst

enbodi ARG HAM | NeER: | Bhet s fqtved 5P eshgn)3F 36
PCT/ CHO Q5 s RésT%l e| | empPBS Pt €hS tlllﬁ%d da{lédll%@ﬁirpmfﬁhéoﬁésﬁflttlh@

data shown in Fig. 9 Component thickness angle angl e angle center
chol esthariightness peﬁ Hdde gtlem\e peel @Ls Wﬁetb@*??oéld%l/efe Q@hshéﬁl ¥sed A® /0

/ nm #t yrn Ch?% C ter ? T‘Cj]‘]ol t % e 9

Chol es't{:erlgcetf 715 50 &hoPeé er%“?%t thr§l éé%'\)Jar ervé/al\}gsplagtee

0. 876 -bAD, -06&L%5 ahd. b.6E Fort ¢h=( $SF)e,1. 658 &febt BOeby 35The @aautker ofave

plate O. 876 -54.5 -54.5 -54.5 Cholesteric filter 425 20, Cholesteric f||ter

448190 YF should be larger than, but close to, the maximum that can be
attained for each color. Note that the maximum transmission is
0.5 due to the polarizers. The weight parameters g are chosen
interactively, adjusted recursively, such that the size of

corresponding terms in G after the optimization are similar

15 (within a factor of ten, preferably three).

A parameter set of components involved in an example according

to the first embodiment of the invention is given in Table II.-



Chol esteric filter 473 20 half-wave plate 1.645 77.6 77.6 77.6 Chol esteric
filter 580 18 Cholesteric filter 550 18 Cholesteric filter 523 18
Quarter - wwoaspbare 1.060 -132.4 -132.4 -132. 4 FE switch ( $6F)CH02008872. 6
-42.4 2.6 Quarter-wave pllate 1.060 -132.4 -132.4 -132.4 Chol esteric
filter 580 18 Cholesteric filter 550 28 Cholesteric filter 523 18

Chol esteric filter 493 20 half-wave plate 2.379 96.8 96.8 96.8 Chol esteric
filter P1d51TChoheshekkesl ulsd BRGNS cLhhrst Bshs bF tBE @B%2alBhown
Quarter-wave plate 1.369 -61.1 -61.1 -61.1 FE switch (SSF) 2.583 28.9 73.9
73.9 Qd‘arﬁ'bﬁl V\ﬁv‘éop?ate 1. 369 61.1 -61. 1 -61.1 Chol esteric filter 587 15

Chol est FterT 62615 styer ter—H65 et@ 327 92. 3
92.3 Q‘Gdypﬂ‘eewar der grﬁcg%%? %r 4 %gﬁg (%Or ;E rfo&‘blwg e"@ hb%%erfc i ven with
g peri e vele !
respect{ to the di rnctkon oL m outpu (bé' gn- ng@ z%ﬂd"%n. WO I
03/ 036375PEF-CHo-0057—p5 "¢ a. re—t—ATH-eut ¢y St at >\m—t—ﬁhab e col or
filter hglest nc.:'-: er i Heen ;1 fhHrst—a :epgnd alﬁdy i?hh d éﬁl er{ band, .
[a Lot 1 nnuit cl Ao Aand a fal ol Nt

wth aj HoHE oo fitor m a—H-gRE—HApUtSHae—and—a- - ghi—eyrput si de, the

Cholesteric filter 493 20

Quarter-wave plate 0.876 -54.5 -54.5 -54.5

FE switch (SSF) 1.653 80.5 80.5 35.5

Quarter-wave plate 0.876 -54.5 -54.5 -54.5

Cholesteric filter 425 20

Cholesteric filter 448 20

Cholesteric filter 473 20

half-wave plate 1.645 71.6 71.6 71.6

Cholesteric filter 580 18

Cholesteric filter 550 18

Cholesteric filter 523 18

Quarter-wave plate 1.060 -132.4 -132.4 -132.4

FE switch (SSF) 1.999 2.6 424 26

Quarter-wave plate 1.060 -132.4 -132.4 -132.4

Cholesteric filter 580 18

Cholesteric filter 550 18

Cholesteric filter 523 18

Cholesteric filter 493 20

half-wave plate 2.379 96.8 96.8 96.8

Cholesteric filter 587 15

Cholesteric filter 626 15

Cholesteric filter 665 15

Quarter-wave plate 1.369 -61.1 -61.1 -61.1

FE switch (SSF) 2.583 28.9 73.9 73.9

Quarter-wave plate 1.369 -61.1 -61.1 -61.1

Cholesteric filter C 587 15

Cholesteric filter 626 15

Cholesteric filter 665 15

Retarder 1.327 92.3 92.3 92.3

Retarder 2.654 24.4 244 24 4

In the table, angles are given with respect to the direction of

5 the output (design-) polarization.



color filter conprising: a first switchable liquid crystal cell (81; 121)
capable of at least two switching states; a first retarder |ayer (101
135) whi cwoaswse3fidr the first 10 col or band as a quart er poaicH®Rled7e;, a
first cholesteric filter (89; 127) having a selective reflection band for
the first color band; a second cholest@pic filter (91; 129) having a
selective reflection band for the second col or band; 15 a second retarder
| ayer (d03%md37) which acts for the second color band as a quarter-wave
pl ate; @ second switchable liquid crystal cell (83; 123) capable of at

| east two switching states; third retarder |ayer (105; 139) which acts

for th seco o] I d LAY

filter r1}g1)1%% i Egggg %ct Ive l#]Ieéec}te‘?)\(;L(rél)rEaﬁ%ﬂfs;or t{ugf secon tﬁ%r
band; ebétwsém ahdh&stena:éeddnﬂ éﬂ& alxhprﬂamqﬂpnabﬁﬂimtwueh aeﬂughﬂcm
band for the_third col and; 25 a f, urth etar ayer 41)

act s7 f dathePANARg 2ol Ig anﬂn%‘ét S §rt%1? eﬂpﬁ’%’f pg"%l r% %

i quid &t o i Tedd ¢Smprildblgcapable of at |east two swi t chi ng states,
and a pol arization blocking elenment (149; 109, 97); 30 characterized in

that all clelBsreti switkhabdehaiquie cyaintalamsddnettl; al2il t Rapabardat
Firet cnoi &bt ettt el JFArRB7S plri ozl 00577 26 127) and the
second cholgsferse freltmaewnayle&i?)(mml a18bXt khicht alctey feayethél¥3rstas)
whi C(;] acts caoslc?r hl?alrid V?svea p&uaazretelrs wave plate;
a first cholesteric filter (89; 127) having a selective
reflection band for the first color band;
a second cholesteric filter (91; 129) having a selective
reflection band for the second color band;
156 a second retarder layer (103; 137) which acts for the second
color band as a quarter-wave plate;
a second switchable liquid crystal cell (83; 123) capable of
at least two switching states;
a third retarder layer (105; 139) which acts for the second
20 color band as a quarter-wave plate;
a third cholesteric filter (93; 131) having a selective
reflection band for the second color band; |
a fourth cholesteric filter (95; 133) having a selective
reflection band for the third color band;
25 a fourth retarder layer (107; 141) which acts for the third
color band as a quarter-wave plate;
a third switchable liquid crystal cell (85; 125) capable of
at least two switching states; and | .
a polarization blocking element (149; 109, 97);
30 characterized in that
all cholesteric filters have the same handedness;
a fifth retarder layer (111; 143) which acts as a half-wave

plate is provided between the first cholesteric filter (89;



provi ded between the third cholesteric filter (93; 131) and the fourth
cholesteric filter (95; 133); and 5 for the bl ocking state of the

respecti vwoaslossd7hand the optic axis of the correspondi n@CIwiHKes 7 e
liquid crystal cell is either substantially parallel or substantially
perpendicular to the light polarizati@f direction. 10 2. A liquid crystal
switchable color filter according to Claim1l, wherein the polarization

bl ocki ng el epentand €ReMBEcBiMd anblasterpel aiieer (349) 128) And Quisdxth
crystal switchable color filter according to 15 Claim 1, wherein the
poIar|zailcﬁP%ﬁ%ﬁ%ﬁr&Pﬁ$%nﬁh%3islﬂé}nﬁﬂlﬁb agtgedenth hedfaiaue Papse AF09)

whi ch acts cg,?(ngter §&%§V%e bapg ascﬁoﬂaeegﬂcw@mg 3§Pan<13a)f' id)

chol esteri Ing a se ectlve reflection t he |rd
col or band.tl2® ﬂoumthlmmbbmqsicalfmeuch@ﬂ:ﬂ,e 1&d)qgr and ter according to any

di i ich the | ht ' i de, .
B ppF ermnt A5 v deferr g agate M Herrae i ad s hald Ebe Sptisa
for the fi r@h@ob@rthéntbms’posm@ﬂgermmwnablreetm@lﬁidl@wétéﬂ%eml ahs

acts for the first color band as a 25 quarter-wave plate. 5. A liquid
crystal swi®thkgr esebsbantially Hééélﬁ??ﬂg(’ro sybptaptdaddynpeapransi Giertei n

the cutoff %§ﬁ Q%‘ | flection band of the cholesteric
filters are choserr:ﬁé Oé%i %ﬂf&f edélgﬁec{t%ng the first, second and third
color bands overlap inits transn1SS|ve state. WO 03/036375 PCT/ CHO2/ 00577
lquid crystal swt bIe col I lter.accordjng to any ..preceding
cla ﬂ]ﬁﬂherer$ qﬁﬁﬁﬁﬁ% n&VHtEEPBiF of o1 AE Eé%i %&ﬁ %
filter ¢Pdim12P)whérdihf Qh@ntpcflrdifﬂzfaQQOﬁthﬂTGclﬂaigﬂ@I@iéh@ui@f Ifoefneah%y

third chol esteric filter (93; 131). 5
a linear polarizer (149) .

3. A liquid crystal switchable color filter according to
15 Claim 1, wherein the polarization blocking element is formed by
a seventh retarder layer (109) which acts for the third color
band as a quarter-wave plate and a fifth cholesteric filter (97)

having a selective reflection band for the third color band.

20 4. A liquid crystal switchable color filter according to any
preceding claim, which comprises, added on the light input side,
a supplementary cholesteric filter (87) having a selective
reflection band for the first color band and a supplementary
retarder layer (99) which acts for the first color band as a

25 quarter-wave plate.

5. A liquid crystal switchable color filter according to any
preceding claim, wherein the cutoff wavelengths of the selective
reflection band of the cholesteric filters are chosen such that
30 at least two of the first, second and third color bands overlap

in its transmissive state.



7. Aliquid crystal switchable color filter according to any preceding
claim wherein the | ong-wavel ength cutoff of the first <cholesteric filter
(89; 127)waerid/osdses short -wavel ength cutoff of the third chrolrasends7filter
(93; 131) are at a substantially 10 equal wavel ength, which is shorter than
the short-wavel ength cutoff of the seébnd cholesteric filter (91; 129). 8.
A liquid crystal switchable color filter according to any preceding claim

wher ei g t he |pnpi gyave! @Bg&haiufs%ftc%buae coll_%rsqclqrtdexﬂ@é@@f&mg f:b| ey
(91; 129) is different fromthe g wavel ength cutoff of the th
g

chol estrréeeding ercl(=gian, 13m)ere9n Athpqusliort ywave lengtle habieoidol GTf f itheer

Ehe t nideF o ot SECEPRL "B Frdl Ml eI 28T 19°a1 PRAFURLEL EOA! Epeeighed |
t he shordvelaeiemgtutaft obf e (e B wrhd] exteirdst Lo o | 196 193) . 133).

10. Aliquid crystal switchable color filter according to any 25 preceding
cl ai wherein at | east one of the switchable liquid crystal cells is of a

Surfacey St abig i zeguf@r Eeokestr iswitehhblet Y orl i A dY dakfofdisd ato any
swi t chabl e col or |ter according to any 30 of Clains 1 to 9, wherein at

| east @recsding elpimhavhereimguble ipygruavebengthscutoff pefofhed st

Fer  ocl Gl LOLE) eLyPe: YL0h0362 o POHLORUIPNDycPindey Auklel Be

crystal or f 0 any wherein
at | easthe®nehatdt h:thNuétmetﬂ efilgetrd (9<3r ystHl) cakes dts af sabstantially
anti-ferroelectric type. 13. A ]liquid crystal switchable color filte

accHf disfpab HRyelsmaghy nﬁ’h&CPo B RherEEr abhpRadihenSher tr HEVELEDS:

liquid oetyet abe oald Ssddot dhdidashaldlmssantisif,ennegl ectric type. 14. A
liquid crystal switchable color filter according to any 10 of Cains 1 to

9, wherein at |east one of the switchable Iiquid
8. A liquid crystal switchable color filter according to any

preceding claim, wherein the long-wavelength cutoff of the
15 second cholesteric filter (91; 129) is different from the long-

wavelength cutoff of the third cholesteric filter (93; 131).

9. A liquid crystal switchable color filter according to any
preceding claim, wherein the long-wavelength cutoff of the third

20 cholesteric filter (93; 131) is at a longer wavelength than the
short-wavelength cutoff of the fourth cholesteric filter (95;
133).

10. A liquid crystal switchable color filter according to any
25 preceding claim, wherein at least one of the switchable liquid

crystal' cells is of a Surface Stabilized Ferroelectric (SSF)

type.

11. A liquid crystal switchable color filter according to any
30 of Claims 1 to 9, wherein at least one of the switchable liquid

crystal cells is of a Deformed Helix Ferroelectric (DHF) type.



crystal cells is of an electroclinic type. 15. Aliquid crystal sw tchable
color filter according to any preceding claim which conprises on the

i ght outwoto3sseses an 15 additional cleaning polarizer. 1®CTAH02/00577

ti me-sequential. color device containing a liquid crystal swtchable color
filter according to any of Clains 1 to285. 20 17. An optical projection
device containing a liquid crystal swtchable color filter according to

any of {3ai mall1iguid. c19stlldisideichubeey HolIrayf CidRi i EGrdinhg qubd any
crystal switchable color filter according to any of Clains 1 to 15. 25 19.
A vi dedPEafbrEme oht BPnPngwheredni @tcrieasll g tehabhe ewisechapilp diquid

accor di g 40 PM¥e s & I8 dn tdhdP ferroelectric type.

5 13. A liquid crystal switchable color filter according to any
of Claims 1 to 9, wherein at least one of the switchable liquid

crystal cells is of a thresholdless anti-ferroelectric type.

14. A liquid crystal switchable color filter according to any
10 of Claims 1 to 9, wherein at least one of the switchable liquid

crystal cells is of an electroclinic type.

15. A liquid crystal switchable color filter according to any
preceding claim, which comprises on the light output side an

15 additional cleaning polarizer.

16. A time-sequential. ¢color device containing a liquid crystal

switchable color filter according to any of Claims 1 to 15.

20 17. An optical projection device containing a liquid crystal

switchable color filter according to any of Claims 1 to 15.

18. A direct view display containing a 1liquid crystal
switchable color filter accofding to any of Claims 1 to 15.

25 |
19. A video camera containing a liquid crystal switchable color

filter according to any of Claims 1 to 15.



