WO 01/57587 PCT/ CHO1/ 00068 COLOUR SW TCH The present invention relates to
a colour switch for selectively switching between different col our bands
for use, wooi/e2s8mpl e, in projection optics and in direct PCEHOP1G06S. 5
Col our switches based on retarders and liquid crystal (LC switches) are
known and are shown for exanple in US-A-5,528,393. They are however
difficult to produce. To get the desired steep spectral transm ssion

curves requires a | arge nunber of reigidﬁil ﬁﬂ ch are expensive to
produce. Anot her approach is to n high order (thick
retarders 10 with a retardation And > 2X, where d is the thickness, An the
bi refringence and a, the wavelength of light). Since production variations
of ret ar dée préseskinzegmn ralatesus aadollour spitol doit Sebastively switaking hetkase skiffereat vy
tight tol fances, ar e necessar t.0 nee%.the.reﬁﬂtrgf accuraﬁ¥ (which is
typi cal | §OIOBRO3 Toruse JoF SEmRIG; ip PRISCHPRPY ORI SIEE EFY OPFfS ter s and LC
sw tghes (stacked band nodulation filters, BMFs) are shown for exanple in
US- A-4, 726, 663. These are less sensitive to manufacturing tolerances. The

per f or mafodouwstswitehse bawedi gesctadprrnd Kquidrgysjal dh.C reitchigh) adfer knogeneged Are of
the liquid cryst al I terial used to.produce the olesteric
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chol esteric layers (two for each colour) are required. However
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filter stac ernor e, eria sor
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hi gh-light-intensity applications such as projection 25 systens. If | ow An
mat er i al Hrepostiensbdo dbadhiglknespl yerotight| talesanses eee neepssari do (megy. the gieqwiged:

0.12, six tines r.e. | ayer necessary: three times nore to cover the
spectrala?%ﬁ%@fﬁvlﬂ%ﬁtwﬁgﬂﬁﬁggﬁﬁ?lTials al so require nuch thicker |ayers,
whi ch cannot be produced in a single step, a further doubling of the

| ayers results). A further drawback of stacked BMFs is their subtractive

col dfr gé&ivdeuatsvatehes hased: ont Khglegten¢ didtershand: baswisghes t(stagker band rmedudaticipi ng
filters, BMFs) are shown for example in US-A-4,726,663. These are less sensitive to
manufacturing tolerances. The performance of these devices depends strongly on the
birefringence An of the liquid crystal polymer (LCP) material used to produce the
cholesteric filters in the BMFs. The most elegant approach is the incorporation of high-An
20 materials (An>0.3) into the filters, since then only 6 cholesteric layers (two for each colour)
are required. However, cholesteric filters made from large An-materials exhibit strong side-
lobes in their transmission spectra, reducing the overall transmission of the filter stack.
Furthermore, high-An materials tend to absorb more light, especially in the blue region of
the spectrum, limiting the lifetime in high-light-intensity applications such as projection
25 systems. If low-An materials are used considerably more layers are required (e.g. for An =
0.12, six times more layers are necessary: three times more to cover the spectral range; since
low-An materials also require much thicker layers, which cannot be produced in a single
step, a further doubling of the layers results). A further drawback of stacked BMFs is their
subtractive colour generation scheme: they divide the total spectrum in non-overlapping

30  sub-spectra of the three primary colour R, G, B. While this leads to high colour purity, it is



30 sub-spectra of the three primary colour RR, G B. Wiile this leads to
hi gh colour purity, it is -1 WO 01/57587 PCT/ CHO1/ 00068 not the nost

| i ght - ef Wa@bemssappr oach, because an overl ap between 490nPCEAHOBEOD6HIM

bet ween the green and the blue spectra yields excellent colour saturation
with significantly higher light throughput than non-overl appi ng
configurations. 5 Summary of the invention The concept of the invention is
to enpl oy a choles e generally chi filter) to

ic filter r
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arrangenent provides a colour switch fewer and thinner layers than in
the pri othi@erlighuhrmlﬁhmﬁtha(mmw\s%ﬂamuagcmﬁmtt@s col our purity 10 and
i ght efficiency. Thus, the invention conbines the good properties of
cholesteric filters (sharp spectra) with the good properties of

bi ref5r| NGenimhiy éBMhe ikVingidar bri ghtness than purely subtractive filters).
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selectlvely bl ocki ng . second .and third col our. bands; the first filter
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bands ar I te in which the second col our band is
bl ocked, @%Sﬁglg I%ﬁ fatuiiy g&%ﬁﬁéégs which the third colour band is bl ocked.

The fllter conprises a stack of elenents, and preferably the chiral filter
comd i g el LStuli L et section 18 placed Al e (R0t of o8, 88k

different colour bands characterised by the combination of a first filter section for

selectively blocking a first colour band and a second filter section for selectively blocking
second and third colour bands;
the first filter section including a chiral filter means for reflecting one circularly
20  polarised state of the first colour band and transmitting the other circularly polarised state;
and the second filter section including a combination of a plurality of retarder
elements and a plurality of electrically controlled liquid crystal switches, arranged so as to
be switchable between a first state in which both the second and third colour bands are
blocked, a second state in which the second colour band is blocked, and a third state in
25  which the third colour band is blocked.

The filter comprises a stack of elements, and preferably the chiral filter comprising the first
filter section is placed at the front of the stack for the incoming light beam. Whilst it may
be placed at the back of the stack, this may cause a reduced switching contrast because light
30  reflected from the chiral filter may be re-reflected with reversed polarisation by the filter

sections in front of the cholesteric filter.



be placed at the back of the stack, this may cause a reduced sw tching
contrast because light 30 reflected fromthe chiral filter may be

re-refl esv@du/sissh reversed polarisation by the filter serpCT/oB91/00068 r ont of
the cholesteric filter. -2 WO 01/57587 PCT/ CHO1/ 00068 The second filter
section mght in principle be constructed as two sub-sections, each sub-
section acting on a respective primary col our band. However, in accordance
with the invention it is preferred to use as switches in the second
section, deformed helical 5 ferroelectric switches (DHF). These have

various VieisaBdRi ARéEr2IERESH tigMGR RmciM badsnsudeRENdeRb fiblebtidnigenaausnd
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properties of the various el enents of the second filter section bearing in
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and third col our &gnds, and including a first filter section for
sel ect i véither Blagcdssigping fhe secopd s ssalinn sensentely o dmwpeptiye BHMSBE CPIOH! f or

sel e i V%lm)fd%? ltcpgl}gt-irﬂﬂe Ae ré)r.%ﬁérticéof ﬁg%gﬁgfscé?&ﬁéﬁts 9?11?19 seddi fg’ce? §&iti%ﬂ%e§1%‘f nd
sections Incfuding a conbination of a plurality of Tretarder elenents and
el ect r o- aptiad etsevaitus, papameteizodThif copfarsarsignifgatthadvahtages ire térsisi afsowetall t he

colour filter c ri sing 20 a.. defjni araneters of the el nts of the
firet fithness SEHeGoqs waeh Aad Erslion el Pioppiiss (Bamsperia RTOMIARY: ¢ ho
vari abl e paraneters of the elenents of the second filter section for

optimsation; ¢c. mnimsing with respect to the paraneters of the second
filter sdbusanafutestasps theimyvehion Bovides, for a colour filter for selectively switching

15 first, second and third colour bands, and including a first filter section for selectively
blocking a first colour band, and a second filter section for selectively blocking at least a
second colour band, the first and second sections including a combination of a plurality of
retarder elements and electro-optic elements, a method of optimising the characteristics of
the colour filter comprising

20 a. defining parameters of the elements of the first filter section to define the
first colour band;

b. determining the variable parameters of the elements of the second filter
section for optimisation;
C. minimising with respect to the parameters of the second filter section a cost

25 function G:

G= Z g, ((xF—xF‘O)Z+(yF'—yF())2)+g2F(YF—YF())Z

F=RG.B
where Yy is brightness, and xp, yr are the colour co-ordinates, xro, yro and Ypo are
respectively target values for colour co-ordinates, brightness and wherein the parameters g
are weight coefficients, including adjusting recursively the weights g of such that after

30 optimisation the terms in G are of generally similar magnitude.



G= 1 g1l ((xF -x")2 +(YF YFO) 2)+92F(YF -YFI)2 F=R G B where YF is

bri ghtness, and xF, YF are the col our co-ordinates, xFO YFO and YFO are
respecti webdy/sm8yet val ues for col our co-ordi nates, brighrapssHoam@svher ei n
the paraneters g are weight coefficients, including adjusting recursively
the weights g of such that after 30 optim sation the ternms in G are of
generally simlar magnitude. -3 WO 01/57587 PCT/ CHO1/ 00068 In regard to the
first filter section, a quarter wave plate is used to convert the
circularly polarised light of the primary col our conponent to linearly
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cholesteric filter spectrumon both sides can be used. A colour swtch
according to the invention can be used in projection optics and in direct
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mul titude of pixels, or of a 15 conbination_of a "single pixel" colour
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i ncl udi ngpectimal e bethrsifes stebet used. a potenti al problem since it absorbs
radiation. It is therefore preferred to use a non 20 absorbing reflective
pol ariser. Pol arisation recovery schenes are known using non- absorbing
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A problem arising in projection systems is that they must tolerate extremely high light
intensities with no degradation. In this regard, the first filter section, including a polarising
sheet is a potential problem since it absorbs radiation. It is therefore preferred to use a non-
20  absorbing reflective polariser. Polarisation recovery schemes are known using non-
absorbing polarisers that split unpolariséd light into two beams of differently polarised light,
and then transform the polarisation of one beam into the polarisation of the other and
combine them to a single beam — see for example US-A-5,235,443. However, such
polarisers are relatively bulky and it is therefore preferable to position the polariser outside

25 of the stack formed by the colour switch according to the invention.

In accordance with a further aspect of the invention, there is provided a chiral filter section
in which the elements of the filter section are so organised that it is possible to place a
polarising element of the filter section in a leading position to receive an incoming beam of
30  light, with the remaining elements of the filter section following the polarising element and

arranged in a stack.



25 of the stack formed by the colour switch according to the invention. In
accordance with a further aspect of the invention, there is provided a
chiral fiwoersmsertion in which the elenents of the filtePCHeEi/0W6Ere SO
organised that it is possible to place a polarising elenent of the filter
section in a |l eading position to receive an incom ng beamof 30 light, with
the remaining elenents of the filter section follow ng the polarising

el enent and arranged in a stack. -4 WO 01/57587 PCT/ CHO1/ 00068

Advant ageously, the liquid crystal elenents of the colour filter, that is
chiral fiddehtagddtisRY, BRI qui RBYsANIEMBRS of McCcoldlr HIRE, tht i8 R e  defiddad | ON
techni que. Anong thée difrerent known nethods particularly well surted wll
be t hose andiswitchéspary alpgredopoh ypimeto-eradnitasion( tetiRiqueal dondhgstbarelifferest kefver r ed

il e N G e
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99/ 64924, and WO-A-00/36463. 10 Brief deScription of the drawings Preferred
enbodi memasuicturing phweelt iclements hrendigclbeeddis clor issample; 1S-8F813008% 16-Ahe

acconmpanyi r apMdNgs I Ny Ki 14is . t 6 a fJ.rs
rbod mont it nUSSREARBEE B @io8es Pl EISTE WOl Giosh mpoA
transm s9nxg4dbpLnEowoL Reop3g4ery | i ght conponents, red, green and blue of
the preferred enbodinent; Figure 3 is a chromaticity diagram show ng the
approxi mati ons provided by the preferred enbodinent, to a NTSC TV system
Fi gures s of birefringence for swtches used in the
pre]HeOrre i el & ¥' H‘%:ﬂrllgg 5 is a graph showi ng birefringence for LCP
mat er i al Pusfeded reniteidandes ofathd ihivédtnswill noh®epdastdbade dvitambudetenanto the gur e

6 is an expl anatory di agram showi ng the operation of the preferred
enbodi meAecoppanying drawings wherein:-

Figure 1 is a schematic view of a first embodiment of the present invention;

15 Figure 2 is a graph showing transmissivities for the primary light components, red, green
and blue of the preferred embodiment;

Figure 3 is a chromaticity diagram showing the approximations provided by the preferred
embodiment, to a NTSC TV system;
Figures 4 are graphs of values of birefringence for switches used in the preferred

20 embodiment;

Figure 5 is a graph showing birefringence for LCP material used in retarders and filters of
the preferred embodiment;

Figure 6 is an explanatory diagram showing the operation of the preferred embodiment of
Figure 1;

25  Figure 7 is a second embodiment for the invention, modified as compared with Figure 1;
Figure 8 is a sketch showing an aspecf of the transmission characteristics of the filter of
Figure 7;

Figure 9 is a schematic view of a colour switch with a polarisation converter and
polarisation analyser positioned on either side of a stack forming the other elements of the

30 colour switch;

Figure 10 is a schematic view of a third embodiment of the invention;

-5-



Figure 1, 25 Figure 7 is a second enbodi nent for the invention, nodified as
conpared with Figure 1; Figure 8 is a sketch show ng an aspect of the
transm ssvoni/s138r acteri stics of the filter of Figure 7, PCTOHe/@0h& a
schematic view of a colour switch with a polarisation converter and

pol ari sati on anal yser positioned on either side of a stack form ng the
other elenents of the 30 colour switch; Figure 10 is a schematic view of a
third e i 0 i (O - 1/ 68 Figures
11 - 11T E Do P AR S O Pl g et pe e B GBI o e gure
10; Fi gWigurd 22 isSa scheghdowicwcold Rurthfenoliiment bf ietioantdent aaf t he i nventi on;
and Figures 13a - 13d are graphs, showi_ng the characteristics of the filter
of Fi gur@@zs&sl%ﬁﬂé&@rﬂﬂrﬂ%ﬁs wing dheycheracteristiceotfbe fiteneidigigdees 1 and 6
show schematically a colour switch formng a first enbodi nrent of the
invention. Light is incident fromthe left side and | eaves the filter on

t he 15 ghiDescrdptiod bftlie prieberredembodinterdas a st ack of el enents, and the first

element 2.is a cholesteric filter CF, . 10 which has its sel ective
reflecti GPEW&hd 3 ¢ ﬁéowgr%ﬁ%ﬁilw B?IOP%éWQSéE?%Hg a7k epbpdigient pithect s
in the T aileabh OnidhdinGen Ghdik HAbn CRERAAN KA e Ohe il e e it Lige! T Ot . The

other circular conponent as we as essentially all [1ght outside the
selective reflection band is transmtted by CF. 15 The foll owi ng retarder

Xl 4-plate,4 in th t f h i l.arl i | i ght
“nto | | ndb iR BrPedst neRk or Sy i lrsCac i Y inh SRl ler 5 D
LG 514 t chtich WM. itk Dol P bl ik the'er@e @ioh 67 b Ap¥Siile TipalRE | Sed

light outside the selective reflection region éssentially unchanged. 20
The SW sellacthingthesreBleetfangeanddongsciecujar Zopingnent of inpiderir white lighth Bhe ofer cal

i hat . b I icall d..by P h ) ha he .
ot cal - Sierainy SompPidTah il o el P gyl M Tkt rdeBRERR Ple .
pol ar i sekraliéhitted ysCRri ented such that this polarisation is

15  The following retarder A/4-plate 4 in the green transforms the green circularly polarised
light into linearly polarised light. This A/4-plate as well as the following DHF LC-switch 6
SW1 (DHF = deformed helix ferroelectric) leave the unpolarised light outside the selective

reflection region essentially unchanged.

20  The SW1 switch 6 is configured as a A/2-plate in the green with an optical axis that can be
electrically rotated by 45°. In the R or B phase the optical axis is parallel to the linear
polarisation of the green light. A polariser POL1 8 is oriented such that this polarisation is
blocked. If the optical axis of the SW1-switch is now rotated electro-optically by 45°, the
linear green component is rotated by 90° and essentially all of this green light is transmitted

25  through the polariser.

The elements 2-8 form a first filter section for selectively blocking green light. The
remaining components R1 (10) - SW2 (12) - R2 (14) - R3 (16) - SW3 (18) - R4 (20) - POL2
(22) form a second filter section for selectively blocking blue and red light. POL2 denote a
30 linear polariser; R1, R2, R3, and R4 are optical retarders; and SW2 and SW3 are DHF-



bl ocked. If the optical axis of the SWL-switch is now rotated

el ectro-optically by 45, the linear green conponent is rotated by 90 and
essent i aWw@oab1s8pf this green light is transmtted 25 thPOGHOL/N®6S

pol ari ser. The elenents 2-8 forma first filter section for selectively

bl ocki ng green light. The renaining conponents R (10) - SW2 (12) - R2
(14) - R3 (16) - SWB (18) - R4 (20) - POL2 (22) forma second filter
section for i vel kln bl ue. denote a 30
Fhear | poPAFTGer g beck oumRaposailie Aty it APheriprr bRl sve
are DHF- acﬁevpaaédl&aiiﬁ?foﬁﬁaﬂc@ld@m&ﬂw&ﬁsw&%tChes I't has been found
possible to suitably adapt the properties of these conponents to achieve a
desired performance of the colour switch. The paraneters characterising the
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bi refyi ngesice and di spersion, as well as their voltage dependence, of the
DHF- material; 10 - and for a given choice of the materials, the geonetry
may be opt|n1§%%€“%ﬂﬁqﬁn%@$l gap of the DHF-switch as well as the
orlentatl no I riods, i.e. 4 Paraneters
per % tcfr?“%% %H énﬁ?l dflﬁé @Pgﬁﬁgﬁg trelﬁ%?gijence of the DHF-switch is
vol tage dependanfrirgedcd had dﬁdpers[cmngze wtll angheis voago Pepedena)iof the dDHRave
is limted); 15 (iv) thickness and orientation of the retarders, i.e. 2
par anmet ers peﬁn?%ﬂ%wder and (v) orientation of POL2 (one paraneter). The
design of_the I h I ha £ paraneters
characterisin ah?ﬁzﬁa %l:xllr?ﬁstgﬁofl&le@etré){shgﬁlla%h a|‘f")’%1(tine£t}§e’\rﬁ?ralry ]ﬁﬁ %e desired
posi ti on (and $b]égp1meﬁﬂled)HFstmtbh b$ ee]l asthiecdrien2Biopodilid @pmca]mhsmethpﬁe@,ﬁ are

pre-sel ected before.oth filter c cteristic For .in Fi 1
P resul ts PEIGOE jbir Aarunetamet G wTE, Ciss it etfing biretringtnte 81
the DHF-switch is voltage-dependent and that the range of angles the optical axis

can have is limited);
15 (iv)  thickness and orientation of the retarders, i.e. 2 parameters per retarder; and

(v)  orientation of POL2 (one parameter).

The design of the first filter section is straightforward since all parameters characterising the
first filter section are determined by the desired position and steepness of the filter, which

20 position and steepness are pre-selected before other filter characteristics.

For the stack in Fig. 1 this results in 17 parameters which have to be optimised in
accordance with the invention. Optimisation criteria are brightness and colour purity. This
complex optimisation problem is not solvable by simple split-element considerations. It has
25  been found that the optimum configuration depends on the choice of the importance of
colour purity vs. the importance of light throughput, as well as on the range of retarder

thicknesses chosen.

Fig. 2 shows examples of the transmission of an optimised configuration in the three

30  switching states R,G,B. The high brightness (note that because of the polarizers, 0.5 is the



accordance with the invention. Optim sation criteria are brightness and
colour purity. This conplex optim sation problemis not solvable by sinple
split-el av@nt/s758nsi derations. It has 25 been found that thReT/cpDi/mMOGS
configuration depends on the choice of the inportance of colour purity vs.
the inmportance of |ight throughput, as well as on the range of retarder

t hi cknesses chosen. Fig. 2 shows exanples of the transm ssion of an

optim sed configuration . in the. t ee.3 sw tchi stat.es R,G B. The high
b1 ght nedusspispBriR i S dstziSio i Evigditai el & SRUSR SrctrFopiti Iae7
PCT/ CHO1/ 13@0§8 wHibIe SHR¥ theablotxwitthof the AEhes S blodeo €16 NESE coRsr Wallibs)as

t he excel | ent col our coordinates (Fig. 3 - which show the col our switch of
the invention as close to the NISC col our values). Table I lists the

par et ehpt el R B BRGANAL P IR o iste, 310" B0, T BHEARERG e 2 ©
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angle a of the opti cal axis; see for instance J i nfschilling and M

Schadt, ‘dNenmpten (otreasing <y0ha$p<b1ay1sraamdg opletien aogle noafethe "optiFdraxow|seetioi cs

1998, 213 9 ure i cuI Fi.n .5 shows the
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chol est emeﬁoéllebth@g 3199§02ir3ib1$1@51208p<'1“i§1ﬁ‘€t3€'ir§ p%lcﬁﬂ% caf r&ug $¥ tLIh&s aur e
1 R Sw Thi ckness 37765 4.43 3.22

Ret ar dat |banfrargen|ce/ of tB@ BC@ mmenﬂ.u@qcbfom ﬂ@ll@tandess_ald Bz sh@w,lc BB@am aRETARDER
/ 4814 85.8 26.5 27.6 asw, red /0 36.0 35.7 asw, green /0 42.6 -9.3 asw,
blueY0 3.9 16.5 aPOL2 /0 58.0

Table I: Parameters of the colour switch of Figure 1

RI | SW2 | R2 | R3 | SW3 | R4 | POL2
Thickness d /| 277 | 4.38 5.23 2.65 4.43 3.22
gtoa\r;}asﬁs%?uin'd M 303 | 0312 0610 | 0310 | 0315 | 375
ARETARDER /° 48.4 858 | 26.5 27.6
dswrea  /° 36.0 35.7
Gisw. geen /° 42.6 9.3
Olsw, blue  /° 3.9 16.5
opoLz  /° 58.0

centre wavelengths of the cholesteric filters: 520, 552, 580 nm

From the data in Table I it can be seen that the sum of the retardations of the retarder
15  elements and of the liquid crystal switches is about two micrometers, which is an
astonishingly small value. This advantageously allows to make a switchable colour filter
according to the invention using comparatively thin layers, which in particular show less
absorption and are easier to produce, as shown the total thickness being about 23 pm.
Preferably the sum of the retardations of the retarder elements and of the liquid crystal
20 switches means is less than 5 micrometers, preferably less than 3 micrometers, and more

preferably less than 2.5 micrometers.
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m croneters, which is an astonishingly snmall value. This advantageously
allows to make a switchable colour filter according to the invention using
conparatively thin layers, which in particular show | ess absorption and
are easier to produce, as shown the total thickness being about 23 m
Preferably the sumof the retardations of the retarder elenents and of the
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|l ess than 3 microneters, and nore preferably less than 2.5 mcroneters. -8
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hel i>5, wWThe ctaﬂ@lactm‘s nes x4 hﬂatﬁgl Agdrithin blﬁhdlfmpaéx 5§@m[sahm55é’chnmuandT580

nm 5 The calculatlon se 4x4 matrix al gorithm and sinpl ex optimsation
t echni quéniranes and SRHRBEORH B EsRRUTGHecHONSOREALS (meztiﬂ}@rbYegEn% IpgraRSeryST

(model | edghynR ok nﬂ{éeiaelrfralcﬁ?é mﬁ)%ﬁ fﬁoax{‘ H%é?’égct o PAul ¢ &gc)t/i 153 df-lé‘ g‘ﬁ%‘ac‘hgg) !

n=1 to an average va ne+no ere tive hdPces o

Loss- | essndiedsastitlsel SPRI Eos3 9638 Pdlhrisd@ akdladsti@e@pt i i satl on routine the
followi ng cost function Gis mnimsed: 1) Calculate the

tristinmulus-responses (XF, YF, ZF, xF, yF) for all 3 colours F = R G B,

assugy ng 2y gﬁllsaﬁ%ﬂggﬂ@faethgﬁ ARSI R dgiitepour ce. In @ real

application, AdV AR e ac i ght source of the

proj ecti dp smﬂmhatshlwtrdubmlumsbon%s &, Wt 1y, bch@pﬁi&traalbaloolduadEﬂ#}E 9l F
((XF -XF0)2 +(YF -YFO)2)+g2F(YF -YFO 2 F=R G mnimse Ghy with
respect to t héSHHYHE %.‘g@g@j 5%@%% ey %%ﬁ?&w th)oltgého%w@hén g afegbt

values x,y for Rf)ltfkedtl%ﬁl AHanGLeALH) ﬂﬂ@%ﬁ&t&hf“gﬁﬂe Astub B 556 cE 8F BIY projection

co-ordinates i
system should be used.

15 2) With the data calculate

G = . RZGB g, (r—xp) +Or—ym))+ 8o (Yr = Yrp)?

and minimise G by with respect to the above listed parameters. xro and y o denote the
target values x,y for the colour co-ordinates (taken as the NTSC colour co-ordinates in our
example). The target values for the brightness, Ygyare determined from the brightness of an
20 ideal colour filter. This ideal filter has a transmission of 1 in a given wavelength band and
falls off to 0 over 10nm on each side. The bandwidths of the filter are chosen as wide as
possible while still retaining the desired colour saturation. Note that for a specific design
* the actual lamp spectrum has to be employed in this calculation. The resulting brightness of
the three colours of these ideal filters are used as target values for the colour switch. In our
25 case, the values are 0.12, 0.25 and 0.05 for F= R, G, B respectively. The values of Yr
should be larger than, but close to, the maximum that can be attained for each colour. Note
that the maximum transmission is 0.5 due to the polarisers. Thei weight parameters g are
chosen interactively, adjusted recursively, such that the size of corresponding terms in G
after the optimisation are similar (within a factor of ten, preferably three).
30



exanple). The target values for the brightness, YFO are determ ned fromthe
bri ghtness of an 20 ideal colour filter. This ideal filter has a

transm ssvon/sfs81 in a gi ven wavel ength band and falls oP€TAC@of0@eer 10nm
on each side. The bandw dths of the filter are chosen as wi de as possible
while still retaining the desired colour saturation. Note that for a
specific design the actual Iarrp spectrum has to be enployed in this

cal cul ati resul t bri tness of t hree col ours of thes deal
filters d 3{%&@@@@%&5@8%9 AERiple bbiPG GPRBAPSEHOr s caRt D iehioE
the val ugge Rk&® Gl stdlesd? ghRd ﬁan R FRrd Or 1 ffnﬁch@hatﬁ TeBRRERA MEthY dlrgafon% %Ifues

of YF should be larger t but” cl ose to, the maxi num that can

at t ai ned thepptécet ixeopbire LAamatchehate ddpictedhacoonding tansne dsidhe Rs (E) aﬁddiue to
t he pol ar} ers. The wei ght paranmeters g are chosen interactively, adjusted
recurswé?'ay "such that the size of corresponding terns in G after the
optirgsation are simlar (within a factor of ten, preferably three). 30 -9
WO 01/57587 PCT/ CHO1/ 00068 A sketch illustrating the basic operation

pri nci pl &isf7 &M@S@d@ﬁm@n@me@t@ teoingertioawwhengitf Bmilar paststthtlease b Figwre
states | I ti e t

directi oﬁsajgfrgfé{% & to f;h% &g}(ee%féo? h(tsehﬁlﬁf%ngw fr gﬁedgﬁglr%g&dg%?tg{éetg ht§8 CCS}O&‘F ng

to tabl e stvitch dfifég. Fi. 1ﬁhanﬂldﬂhon§1t cidissterfe ftg.'CF HbaWI0a HES andowBaadwivgnt of
the invention, wherein simlar parts to those of Flgure 1 are referred to

by the séﬁ’é ~b Dridies dantheepapsite hefinsersiert dheameeeding '6F igveent Hlterde Tles effiect

t Fi.gerl th dj hol Thi
nar S b A G G s i 5iE. By PR Bre AR R Topfp ekt fibded BeREim R e °
precedi ”thol@ﬁeﬁé %ﬁ!&rs bl éseé b?ockﬂ%&rf% dhg Gt O 10fis mkfélelflé{\lh t@%loh s TRAWReep

Fig. 8 1In the wavel ength region (shaded region
chol est ertiapsthittedereganiiessad the b\h/mdknglgta(escoxf ¢ty DHFLEDs. 'Bet\seammghmh@ﬂ hhe
region is transmtt regardl ess of th

g O il plRt S ArPANE e oS ERFER R I gees it RS AT BY { he
t r ansml 5%{4’ ﬁla‘?é }ﬁg.'ﬁ ﬁq{i‘le%f%gﬁlahﬁﬁfﬁ%éﬁd‘?&ﬂa httﬁép 8{)1Qﬁsat1>gn4ofpch@ e hhig{}} cen

ear ari se rpen ar tot arrsation o
| i ghIS between in the Wavelength region Al..A2. Correspondingly, the light is transmitted in the

non-green periods and blocked in the green period, making the green spectrum sharper by
blocking unwanted red light. By this technique, selective wavelength regions (in the red as
well as in the blue) can be blocked during the green period. This is important if the lamp

used has strong emission lines that should be suppressed during the green period.

20
DHF-LCDs are well suited for these colour switches, because of their high speed switching
capabilities and their analog electro-optic response. This analog response allows to switch
between three states (equal duty cycle) and still employ dc-free driving voltages. This is
achieved as follows:

25

If the calculations result in the three angles ag, 0 and op of the optical axes of the DHF-
switch with the x-axis (= axis of the polariser POLI in Fig. 1) for the three colours R, G and
B, calculate o as ap= (ar + ag+ ap)/3. Choose the orientation of the DHF-switch such
that the optical axis for 0 volts applied has an angle o, to the x-axis. Because of the nearly

30  linear dependence of the rotation angle of the optical axis on the applied voltage, the sum of

-10-



15 between in the wavelength region 21 ..2 2. Correspondingly, the light is
transmtted in the non-green periods and bl ocked in the green period,
maki ng t meo gt/em87 spect rum shar per by bl ocki ng unwant ed rPpdT/CHgh06eBy t hi s
techni que, selective wavelength regions (in the red as well as in the

bl ue) can be bl ocked during the green period. This is inportant if the | anp
used has strong em ssion |lines that should be suppressed during the green

period. 20 - L%ﬁ are well suited for these col o&ur swi t ches, because of
their hi éPF 83%%80 cp GHFE@OHQ%éBi% Oioed i 1% Y relosg 4P g@%p@chrocq;lﬁtapt;
response.qufhis] EFROAS; W i EBee. P he.e

(equal du%l Eéhc}icc%g?hg%gé’s?ﬁ ?ﬁgﬁﬁéo%m%sg&?lrazl %drc?{c/? ngp\?g tzfg’egt. ET@SE%%Z to

achi eved iamrparhiednt: theSopitinisdtencabitng asinah sondehtityi of theanglereeuangltege aR,
aG and aB of the optical axes of the DHFE- switch with the x-axis (=_axis of
the pol afflgiden iscsalbulats ths gPrrepfion dor 4 OVIRIQEOIBF s Opticataa dronps o Nk at e
a0 ax ao Ler i = S\ uch
That 7t ho br g0 fecipBEkiSdcrRgRg oF IS o EabAl rallole i Sp hlipathleiof
Because of thdeaneanghiypneBOwith neaitatde peage o€ eheafriviteamplitatie, becausglle: @tios be

opti cal aé%%§%p he a g%ied vol fage, the sumof -10 WO 01/57587

PCT/ CHO1/ @B EHERB I NS RPks corresponding to aR, aG and aB is very
close to zero, i.e. for constant duty-cycle switching, the switching is
essentially dc-free. If required, it is possible to incorporate into the
opt i m satHovevenubé DélFasweitatiel useinaltheeanfiguyatiohs bhEiganghrel Verayle replhtaljey

relatjon t,o cal cul h orrection for the deyiation_.of the,. pti cal
axi thdf ror?:ﬁ}f& %’l%? e(%é%?shalﬁcg)'%g@%l SuGhe 39 eF SN e (R ERETRSLECHIC, ¢ éS%apeé:

el ect r 0- QRfifefrobREPRNBRIaGRIS YIS ARATPRNSGHALIFObnd Bi¥o hBBaBAERitAHIUTBRhs W h a
sui tabl e change of the driving anplitude, bécause the ratios of the three
vol t ages of digehh doresclagese, Henwebaye optindsabiir-psedetutedsasied fepeatédeto find the
confi gur%ﬁ%{ﬁ%ﬁ%gg 1Fi ga%. 1 and 7 may be replaced by 10 other types of fast
LCD- swi t ches s UeH e s & ect roclinic, antiferroel ectric, V- shaped
antiferroelectric, bistable SSF, anal ogue driven SSF, and al so nematic

SW t ghes FustHéide, thiconfigurations of Figs. 1 or 7 may be modified in a straightforward way by
adding or deleting some retarders. Deleting e.g. R2 still yields satisfactory colours, after re-

optimising all the other parameters.

For the first polariser POL1 and/or POL2 advantageously also a non-absorbing brightness-
20 enhancement foil (BEF) could be used. Such foils are available from 3M and are for
instance described in US 5,962,114, J.M. Jonza et al, 3M Innovative Properties Company.

All optical parts in projection systems must tolerate extremely high light intensities with no
degradation. The most critical parts are absorbing devices like sheet polarisers. In many
25 cases, non-absorbing reflective polarisers such as polarising beam splitters (PBS's) or
cholesteric filters are preferred. The configurations of Figure 1 and 7 have polariser POL1

inside the stack. Using a PBS polariser then sacrifices the compactness of the colour switch.
It is thus desirable to position the polariser outside of the stack. This has the additional

30  advantage that polarisation recovery schemes can be applied for the illumination of the

colour switch.
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or Pi-cell. In each case, the above optim sation procedure has to be
repeated to find the optinmumconfiguration. 15 Furthernore, the
configurawoons7sef Figs. 1 or 7 may be nodified in a strai por/faowend way by
adding or deleting some retarders. Deleting e.g. R2 still yields
satisfactory colours, after re- optimsing all the other paraneters. For
the first polariser POL1 and/or POL2 advantageously al so a non-absorbing
bri ght ness- 20 enhancenent foil (BEF) could be used. Such foils are

avail able from 3M and are for instance described in US 5,962,114, J. M

Jonza et pglaris#drl FRBVaY ¥BeBEOREld RSn-SNIPRAY poldsbrsOfhi Gttt ﬂH@rutnEol'aﬂsed
projection systens nust tolerate extrenely high light intensities wth no

degr adat light iffhetwodteamsi of clfferpethyt <lingaglyabs avtsiilagly)l epolarésed | hg&é stfeweral

| 5
ol ar 1 o hgTBideT Ve (shorppred 350 SRR Aoaf a7 §ep ey Snifieak pb ely Ay
The onf ispgn 78 B trahsfhing Weepdlardatlor oh34& oP Bledé befhs Rﬁb%e %(ﬂﬁﬂlﬂtﬁoﬁhﬁ thd ack.

Usi ng a PBS poI ariser then sacrifices the conpactness of e col our swtch.
It is thothegesdr etnking dhegsiot & singdhbepnl anﬂelsuQiUtasﬁed@lqﬁe tehle thet gskming s

has the additionale:30, SYANLANS,SIRL: ROLALE £ LR HESANSLY \RELRIE S e

applied um na ion o our & 8WP

PCT/ CHO1 @38 Ga%hmlaabmiﬂ&athmwe@@s\g%Mlcﬁﬁdmne&waﬁgehw(@r beth) afesakdi ng
pol arisers that split the unpolarised light into two beans of differently
(linearly or circularly) polarised Iight. Several techniques have been

repoy edtlzﬁo@fngt h?éaran'cgn i}t\ﬁ!l vidd oF Aae rfiﬁ?%m%ﬂfsngfaiﬁ ¢ fﬁ aﬂ&J%ZS“%eigeBJd%@78)

to trans ol'ari sation of one o ese bea nto t ["ari sation
of the pblmsatmmdelmnainsmﬁ t]nmeo’mmmsvatcsn arg Iextrhmairfrowmla ssamkmfamhﬁ:hmtmqem al |

o bR LTS S i ol 7
Cr 0SS- SeGhiRRq&H blfélﬁ o‘i“ré’(ﬁ @farﬁq;arg&h@}hé DEGER t;e%n{,:\ﬁﬁ%g%ﬁ&sgd istnPto a
conceptual view of the e rrents of Figure 1 an 1 re the

pol ari sattaok of blementssoofiing hecohmlr owitcls 4. tbighatrmsmdttechﬂnrmghfaod)mrtsbvﬁc]s Bddk of
SW t

a p A gr Iel en&&&l op awgalxi?slgrraf(g hlrcgcpgllr herthg I‘flgn%ug;l o% a polsa%fsieﬁ&)n a-II;a lflgerl n Figure 9,

Referring now to the third embodiment of the invention shown in Figure 10, similar parts to
those shown in Figure 1 are denoted by the same reference numeral. In Figure 10, the
cholesteric filter section is changed in that the sequential order of the elements is reversed,
20 i.e. the order in which they receive an incoming beam of radiation. In addition, the
polarisation sheet 8 of Figure 1 is changed to a polariser 30 which is of a type which passes
substantially all the incoming light without absorption as a polarised beam. Since such a
polariser is of substantial dimensions, it is positioned outside of a stack formed by the
remainder of the switch elements. The liquid crystal switch 6 receives the polarised light
25 from polariser 30, and selectively rotates its axis. Retarder plate 4 transforms the polarised
light to a circularly polarised state, and passes it to cholesteric filter 2 which transmits one

circularly polarised state and reflects the other.

The second filter section comprising elements 10 — 22 is substantially the same as that

30  shown in Figure 1. It would, however, be possible to have the final analyser 22 formed as a

-12 -



an incident beamof radiation 32 and transmts the whole of the beamin
polarised formto a stack of elenents formng a colour swtch 34. Light
transm t tve@d ot/hrseugh col our switch 34 is 15 incident on aPEDICaHDI/6®HS 36

whi ch perfornms the function of a polarisation analyser. Referring now to
the third enbodi nent of the invention shown in Figure 10, simlar parts to
those shown in Figure 1 are denot ed by the sanme reference nuneral. In
Figure 10, t chol sterlcfll ecti i S anged at the

Sequent | APRPREPE: PREShE Sl Tt 8, b ing TS bRt Tositioned

t hey reC%utsﬁie&Behﬂé@l@%'&@n@@ﬁﬂll?ﬁnd&@dﬂé@éﬂ%ﬁnFﬁghr@ddl tion, the polarisation
sheet 8 of Figure 1 is changed to a polariser 30 which is of a type which
passes substantially all the incom ng |ight w thout absorption as a

pol ari se t is
posi ti an“&g gée ei{%? %ﬁ IF%% ﬁlgsredt tﬁé §%Hn€|8 tﬁgiségci ﬁﬁ % ?Sn]% thé

el ement s ﬁrﬁﬂ’eﬁaﬂnpw,ll'ﬂle&éwﬁs ate simirhaised i Etgerasela at-he dp@dan Tebld 11| ghwlﬂi&hé rom
pol ariser 30, and selectively rotates its axis, Retarder plate 4 transforns
the pol aPfeders qxaglmeStf@eeréfrwem&rquhwasﬁri%@ﬁhg eyitehesanehqsar sersespendipg

chol est eqh Gfkter, na_ltﬁ‘gel Sﬂqthlarrgﬁ?({%rg %c&ﬂ@in GhI LAY h RS Gl %Bﬂ)&lg and

refl ects the ot hér secon ter sec i on conpri si el ement’s
i s subst andihatkd yretdh® sa@pierds Nollmtthatimz ﬂSdVWe |b|aechlg;tse1eto]havleteqwuhxdkndssewver

be possible t ave the fi yser, med_as - WO 01/ 57587

PCT) Oro1 ABBRIE et o %ﬁsep%ﬂ i Siisgon] SheRedc aian padomanes tade (6% have

t hi sjgpol QBhs?Fa'intQQﬁfhﬁl'loned outside the stack, as conceptually indicated at
e

6 in Figure 9. The elenents of the stack have been optim sed by the sane
optim sation procedure as in the 5 first exanple. The results are

sunmmari sed res 1 11.d .and .in Tabl e | revi ous
oxampl o T G BRE RGBHEY: SOIPHAT RPBIT 26 B0 PasEhlY & melevice BibEER 1R
correspons §a3s 13 Eiea%@edélaboaéyd F@ﬁfe 19fshbW€a rc@fré‘dﬂéﬁdhﬁig WAL Sk Aéh L @ Hin@yr e
5. Brightness and col our co- ordinates are al so excelTent. Notes t hat

R2.. R5 hadeategenug hmbedinte@t h’éth@ invpnsiont ivimidercpaststto thaserpdiHigure tlrase denatedt i on

of these our sw.t ches of f ernformance

consls ot 19 € et SRS umlet®, R ittt SR HolRRERar Ml el 83,

can al so abﬁzriéSQﬁ dRi@teric HEMb GRtlASelsbdMNrdflRction bands covering the whole visible
wavelength range. Also an additional retarder RO 42 has been added. Figures 13a — 13d

show the spectral characteristics calculated with the data of Table III. Again, excellent
brightness and colour saturation is found. Elements 6 — 22 are formed as a stack of

20 elements. In a modification, polariser 22 is replaced by a polariser similar to polariser 40.

Table II
SWI1_[RI___|RZ |SW2 [R3 R4 [SW3 [R5 |POL2
d/pm 2.55 1.18 4.68 336 |4.68 4.68 3.23 4.68
oRr/° 45 59.1 -37.3 18.8 -81.4
asw.i/° |0 -50.8 587
aswa/° |45 564 29.9
asw3/° |0 260.5 ~69.1
apoL / ° 90

-13-



US 5, 235, 443 nenti oned above). Figure 12 shows a correspondi ng col our
swtch - a fourth advantageous enbodi nent of the invention. Simlar parts
to thosevdo#sgere 1 are denoted 15 by the sane refer encera@cEnad06ECPOL
denotes a circular polariser 40, which is nodelled as a series of
cholesteric filters with selective reflection bands covering the whole
visible wavel ength range. Al so an additional retarder RO 42 has been
added. Figures 13a - 13d show the spectral characteristics calculated with
the data of Table Il11. Again, excellent brightness and col our saturation
is foundTaplem@nts 6 - 22 are formed as a stack of 20 elenents. In a

nodi fication, polariser 22 is replaced by a polariser simlar to polariser
40. Tafle 11 S\W RO RSWEW RBIRA R8B RSWDL2 RY |/ R42| 55W3.|18R4. 68PQBL236
4.68 4. 68323468 °\4§ 91 -—37/-3-18-3 31.47 aso {01908+ 58 7
asw2 / | -Weimsd 4186 BB | 44006020 647 [aghl®] 348 | 4% o
01/ 575871 PCTEHGT QU068 Tabt gst { T RO SWE R Ry V& {R3TRA—SWB _gog PO2—d /
m1l.18 2.9(55R . 18 4.%'70 3.56 |4. % 4.% 3.56 4 762413%3/ 0 45 45 57g§9-21.5 31.7
-86.9 cagv& 80-95.4 5999 [aSW 2|7~ -42. 83 4197. 0 2877 [ag§p3 /~ O[-063"
-69.1 aRA""80 |-14 WD 01/ 57587 PCT/ CHO1/ 00068

asw,2/° -42.5 -57.0 -28.7

asw,3/° 0 -63.0 -69.1

apoL / ° 90
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CLAIMS 1. A colour filter for switching between three different col our
bands characterised by the conbination of a first filter section (2-8) fo
sel ecti vavg obbmeki ng a first colour band and 5 a second PCTACE01/666% | on
(10-22) for selectively blocking second and third col our bands: the first
filter section including a chiral filter neans (2) for reflecting one
circularly polarised state of the first colour band and transmtting the
other circularly polarised state; Egépﬂi$second filter section including
a conbination of a plurality of reta enents (10, 14, 16, 20) and a
plurality of electrically controlled liquid crystal switches 10 (12, 18),
arranged so as to be switchable between a first state in which both the
second ard t M eelovofiber faysmdishiagebeby eppkibtee chffdrenheolfamr bands shareeiessid: bied,

C anom ¢ dhcorptiondha R ARBCRRRof - Bhor RO R HoBGRER RGele ' £} bl

and the seecud ﬂl&r%é@i@ﬁ@@&@)jfor%&e&weﬁf wlotiadg sddohd afid ﬁﬁﬁQTo@buB@aﬁd% Gaiml,
wherein the first filter section includes a quarter wave g ate (4) for

transforning dbg frst ﬁézcﬁg mqlp@w%mdlwp&mrg/l fblésr angane 2)ortefleckng ppe girfylarly

POl a1 Sl ia el GO Aha 34 bl SRR A6, BALE s

plate fo TSt our avi n can be

electrically raef ahed;ecﬁcﬁfd ﬁwbrt géutiog 1hblﬁdinlgn£&bin§b1naﬂ0ﬂ1 afl $ @turklitghdf rémden
| i near polar|3|&$ el ene A colour filter_according to Claima1,

20 3

wher ei n eHaents 640, 1l é@ﬂos)e%xd.fbﬁlqrﬂt,tywé@éecglau&rqoatmll%%méwaﬁéa (SWitchAY a
liq t t | f
vvavgf (gl at(?f%:2 a%f?n%%.'?és? o v@our g?’%an %nﬁrggl%@h wfhﬁ rﬂgﬁ%ep e?(?:ndg%ﬁ}f
does not tiixhicblobr bbndsedrei blgekede andZHhedfﬁrsA i€ tdansmitttd, 4 GBC(deSMtdlll‘]gNHith dlny
precedi ng cl gi i ncl ydi n,th st filter, section a . blocking filter
070y 1 or ety bandve Pk SR et nah e A1 Te] B4 IBBICR R an
adj acent tﬁ?&@&gutoc{anﬁhév\ﬁlgclgéal Hrthé)féagnd %%aﬁsmﬁteﬁm our filter according to
any preceding claim erein the rst col our band occupies a wavel ength

range between the second and third col our bands.

15 2. A colour filter according to Claim 1, wherein the first filter section includes a quarter
wave plate (4) for transforming said transmitted circularly polarised state to linearly
polarised light, a liquid crystal switch (6) configured as a half wave plate for the first colour
band, and having an optical axis that can be electrically rotated for switching the linearly
polarised light, and a linear polarising element (8).

20
3. A colour filter according to Claim 1, wherein the first filter section includes a quarter
wave plate (4) and a liquid crystal switch (6) which in one electro-optic state acts as a half
wave plate for the first colour band, and in another electro-optic state does not exhibit
birefringence.

25
4. A colour filter according to any preceding claim, including in the first filter section a
blocking filter (70) for blocking a wavelength range between the first colour band and an

adjacent second or third colour band.

30 5. A colour filter according to any preceding claim, wherein the first colour band

occupies a wavelength range between the second and third colour bands.

-15-

r

a



-15 WO 01/57587 PCT/ CHO1/ 00068 6. A colour filter according to any
preceding claim wherein the filter is configured as a stack of filter

el ement swandswserein the first filter section i s positiopredCHal/b0065t of
the second filter section to receive incomng light. 5 7. A colour filter
according to Claim1l, said first filter section including a |linear

pol ari sing neans (30) positioned to receive incident radiation and to
transmt polarised radiation to a liquid crystal switch (6), the liquid
crystal switch selectively rotating the axis of the radiation, for

recepti o, by & dlbaf iR A0BROMg(td hnyBieebdihd clatth \WwRAERaEe HRG 8 tbOsrd 874 d
10 chiral filter nmeans (2). 8. A colour filter according to Claim7,

wher ei n staek [af fdtar Pernents.sindgwhersins thenBistidider seatiansis frpsitiooed ér diang of the
subst anti_al | | the incom ng radiat.ign to polarised formin the

wavel engtsgcopééﬁ%ﬁs‘%cftl%flﬁ? gercg}s}’tegncfgngg h I%)[(:ol our filter according to Caim7
or 85 wherein the filter is configured as a stack of filter elenents, and
wherein the first filter section is positioned in front of the second

filter sdeti od tcoloveddioyeaceerding fy Jlaighd, sad disgh&iter sedtigndinciuding a linear

pol ari si eans, . .Ls,J e o f |G- stack 0 [ .
BP erment s DOSERRR ks LOTHISIRIRR T Lttt ROMAPHREAN Lo Lhadell §hiariced
E hg) | i ngaﬁdiﬂ?ﬁrﬂbi eSiid[lg'? rasﬁam swiitsh {®\ ﬂ‘Igdi(@li:‘d aystay ?xmgc;ir sfceyecﬁoélyrrb&'tiﬁg thEis

4 and i.ncludjing a follow ng retarder neans 42 or converting )
circul ar 10§ ﬂmagﬁafl%ofor ERFEBEGOPY £ detpidgemenss (3o MaiGhsiBduimeRAssasi rafiation to gaid A

col oy fichiQrains apdadl Qg to any preceding claim wherein the second filter
section conprises, In’'sequence, a first retarder elenment (10), a first

liquid crystal switch neans (12), a second retarder elenment (14), a second
) aurd crystaly Sl CI0), Bk dnenr Ly B ALl ng o st (220, 30 12
(16) means for converting substantially all the incoming radiation to polarised form in the
wavelength region of interest.
15
9. A colour filter according to Claim 7 or 8, wherein the filter is configured as a stack
of filter elements, and wherein the first filter section is positioned in front of the second
filter section to receive incoming light, and wherein said linear polarising means is formed
separately from said stack of filtered elements.
20
10. A colour filter according to any of Claims 7 — 9, wherein the linear polarising means

is formed as a circularly polarising means (40) and including a following retarder means

(42) for converting circularly polarised radiation to linearly polarised radiation.

25 11. A colour filter according to any preceding claim, wherein the second filter section
comprises, in sequence, a first retarder element (10), a first liquid crystal switch means (12),
a second retarder element (14), a second liquid crystal switch (18), and a linearly polarising

element (22).

30 12. A colour filter according to Claim 11, including a third retarder element (16)

between said second retarder element and the second liquid crystal switch.
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bet ween said second retarder elenent and the second liquid crystal swtch.
-16 WD 01/57587 PCT/ CHO1/ 00068 13. A filter according to Caim12,

i ncl udi ngv@aof/mist h retarder el enent (20) disposed behi ndreBCHITa®ENd
liquid crystal switch. 5 14. A colour filter according to any preceding
claim wherein at |east one of the aforenentioned liquid crystal sw tches
has at |east three different electro-optic states. 15. A colour filter
according to any preceding claim wherein at | east one of the

af orenentioned liquid crystal switches are selected fromthe group:

Def or med 1Bl i gglfilted Qc&ﬁ*ﬂﬁl@etbe@lhfﬂl qz( %ﬁ)dmge bellR r&hidel Sleménd (BPedsposed
anti-ferro electric, Pi-cell, SSF . A colour filter according to Claim

11, wherbiehmétsalﬁéagqnddmubfer'ﬁilqlestu| d crystal switches is DHF. 15 17. A
colour filter according to any preceding claim wherein the second filter
section is such that the sumof the retardations of the retarder el enents

and of the. |iquicdlcurySliel accovdib€ h@smyepmedlﬁg |ckiim, titdieih 4T RAQNBAL LS the
preferably |less than 3 mcroneters, preferably | ess than 2.5

ni cr omet éFgemeptiongd liguidyerysfal Wlicbésrhaé@é lﬁaéﬁ th@etdbff%tﬁv olgciioeantis §tagesai m
wherein the retardations and orientations of the retarder elenents and
liquid crystal switches neans of the second filter section have been
sel ect ed 1By nmefanslamir flter adcordinggo cast pleoeding @inifs, tWiadreitisaslensti g of the
yi el di ng ubstantlall ilﬁl| r terns describing the deviations of colour

sat ur at | GHPTSREtIYE ofitrdes ey S%crt%éronzéhelgroua c Setarmer; Heligal
accoydi n efr@ l@&%crﬁbﬁ?gdél&gr(%lﬁh V‘é‘ﬁ'ﬁ)reﬁ'aﬁtl glf 131' CJ SES‘F.aOf at | east

one of t enents nprising cryst
phot o- orlentatlon techni que. 30 20 For a colour fllter for sel ectively

switching first d and third our includjng. a, first
Tt or odst i o egiotE e A ceo o C Rl 1 ISR AdrastPng e digid cdlebn
filter <sdichesis DHF.

15 17. A colour filter according to any preceding claim, wherein the second filter section is
such that the sum of the retardations of the retarder elements and of the liquid crystal
switches means is less than 5 micrometers, preferably less than 3 micrometers, and more

preferably less than 2.5 micrometers.

20 18. A colour filter according to any preceding claim, wherein the retardations and
orientations of the retarder elements and liquid crystal switches means of the second filter
section have been selected by means of a minimising cost function G that uses weights
yielding substantially similar terms describing the deviations of colour saturation and
brightness from desired values.

25
19. A colour filter according to any preceding claim, wherein the liquid crystal of at
least one of the elements comprising liquid crystal is aligned by a photo-orientation

technique.

30 20. For a colour filter for selectively switching first, second and third colour bands, and

including a first filter section for selectively blocking a first colour band, and a second filter
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WO 01/57587 PCT/ CHO1/ 00068 section for selectively blocking at | east a
second col our band, the first and second sections including a conbination
of a plumabdt/g758f retarder elenents and el ectro-optic el er€nCsp1/80068t hod of
optim sing the characteristics of the colour filter conprising a. defining
paranmeters of the elenents of the first filter section to define the first
colour 5 band; b. determ ning the variable paraneters of the el enents of

H dfi] T on.f Ve i gl Sl CoE
e secont R ERATLSBN ot SO L S o,
((XF - XFGhelud{ngra cdnbigatiohddfa(pliratiddféretdrdeleldnfenB anb @le@trdfoptis elefregttt ness,

and xF, yF are colour coardinates, XxFO_  yFO and YFO are respectively
target val ues &Brethodiofwptimisngibssharactsrietisof reqelas TASHCUPREEIS t he

paraneters g a i | Cl iencl sdi St rsively the
wei ght s gf'of s(tﬁjeg‘ﬁl\{\%wgé}gglf %gs‘rs&gﬁﬁ% %}lr%hﬂlfseg%siolg n%et ﬁt]'rg{ H?i%rasg g@sﬂogh%ﬁégg}%eﬁ%tf &ordfor
gener &l | ybagidm | ar magni tude. 21. A nmethod according to C aim 20, wherein
after optimsation, the terns, 91F ' ((xF.,- xFO2 + (YF - YFC?Z) and g2 F
(YF - YEQ)-2 i ndterapiping;the variable parapeters gk therelempents of therseeendahlter S&"‘F%?‘Hr of
3. 20 22.%&;@5th according to claim 20, including determ ning the angle
of orientation a 6f the optical axes of liquid crystal switches in the
filter secti onminif@sin@withtrbspactao dlor phiramgeters aflthe sacdd filtbreseetion s aosd famgioa has
a non-|i ngar relation with 25 applied voltage. -18

10 G= Z g, ((xp _xF())Z +(yr _yF0)2)+g2F(YF —YF())2
F=RGAB
where Yy is brightness, and xg, yr are colour coordinates, xro, yro and Yro are respectively
target values for colour coordinates and brightness and wherein the parameters g are weight
coefficients,
including adjusting recursively the weights g of such that after optimisation the

15 terms in G are of generally similar magnitude.

21. A method according to Claim 20, wherein after optimisation, the terms

gr ((xp —xp)* + (YF - yFo)z) and g, (Yr- Y r)* in G are similar within a factor of
10, preferably a factor of 3.
20

22. A method according to claim 20, including determining the angle of orientation a of

the optical axes of liquid crystal switches in the filter sections.

23. A method according to claim 22, wherein said angle has a non-linear relation with

25 applied voltage.
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