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color 5 shutters use sone formof polarization of the different col ors of
| ight combined with a rotation by the LCs. The rotated light is then
absorbed by -various polarizers. The |light energy nust be absorbed by the
polarizers to provide the desired effect. This is acceptable in the
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were required, which greatly increased the cost of the projection display. Recently there have
been efforts using liquid crystal panels and DMDs, as developed by Texas Instruments, to
reduce cost by using a single device instead of three separate devices. This fundamental
change from spatial to sequential operation resulted in a reduced cost of the overall projection

20 display. However, problems related to developing the sequential color fields were created.

White light had to be sequentially provided from a lamp to the imager device as red, green
and blue light. Some form of color wheel or color shutter was used for this purpose.

Conceptually the color wheel contained three transmissive sections, i.c., red, green, and blue.

As the wheel rotated, each color of light was passed for a time by the filters in the wheel.
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15 either fail or breakdown in the short term or degrade in the long term due to improper thermal

effects. Therefore, LC color shutters are not a reasonable alternative to the color wheel. The
designer is left without a good solution for the single imager, sequential projection display

system.

20

The invention relates to providing a reflective polarizer in LC-based color shutters in
place of the absorptive polarizer. By using a reflective polarizer, the light being filtered is not
absorbed, but is reflected. Thus, the total energy being absorbed by the system is greatly

reduced, so that the color shutter can be used in projection applications. Additionally, if the
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20 Figure 4 is a detailed illustration of a portion the light path of the system of Figure 3;
Figure § is a detailed illustration of the lamp and engine of the system of Figure 3;

Figures 6-16 are illustrations of various color shutters in accordance with various

25 alternative embodiments of the invention, which could be used in the projector and projection
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20 development effort might be complex and time-consuming, it would nevertheless be a routine
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i nput i [ ual itu es ich trav rent
ot 8 A8, SRR R RIS Bt 105
relative to each other on passage through the birefri ng%ent el enent, 301.
In genefFOaH1t & Heagscﬂngmezb(& PA§Sasfto iy mieprbld)8e whiegshit iesaflecisd te Baress prefectipgent
element 301 is elliptical, with field conponents parallel and perpendi—cul ar
t @5t he sdfeerd09,chronfh théch impaHsemltth vieeketr 007. The field exiting the
birefringent elenent 301 is incident on an achromatic t o0 quarter-wave

pl ate 305, which functions as an ellipticity analyzer. The achromatic
guarter wave plate gives a retardation of ~/2, independent of wavel engt h,

bringing th a ield co onents L nto re the..
achromatic SFJ%F 5 %gv‘gﬁf‘%‘fél @5’513 éﬁ‘f\}gpt"é Q T’YSBCF? ig? Ib”gllg? %4 BﬂEcWﬁ 0

| inear polarizations wth wavel ength-dependent orientation, Since the two
conpon dinear palarizen [phardan apliromatip ratardent 552athat alkaay lightpiol aeprijested fimagei 153
oriented at an 15 angle. Tuning is acconplished by sinply follow ng the
achr omas ireflegti@ifohe b -dipl®y Edrédre] SOB: & inGlanéd @ndrkdCpaddZhrotigh hé bere¢r 154 abl e
exit reflecting Iinear polarizer 304, which selects the desired wavel ength.

20 another instance. This allows for additional “optical folding.” Such optical folding enables

the video system 150 to be very shallow (i.e., footprint L"), yet project a large image, as
described in U.S. Pat. application Serial Nos. 08/581,108, filed December 29, 1995, and
08/767,967, filed December 17, 1996, both entitled “Projecting Images,” which are

incorporated by reference herein in their entirety. Preferably the reflecting linear polarizer



A three-stage, discretely tunable Lyot-type filter 400 incor poratilngPR 2002
snmectic C- FLC 20 wave plates is shown in Figure 8. This device contains
four reflecting linear polarizers (P1 P4) 401, 402, 403, and 404, seven FLC
wavepl ates (LC 1-LC 7) 405, 406, 407, 408, 409, 410, and 411, and three
birefringent elenments (B 1-B3) 412, 4%3, and 414. The four reflecting
linear psl & na@s sf dQble ﬂﬂgmnés@?enhmnf’e% fith QDBHF)PakarkRlred Thas Wiul@gydr xed

bi refringent el errents 405 406, and 407, one in each stage, retard Ilght at

waves. - PESLHE B0, RSl Foalilie dramMieoste“Pifing, 286508l Rg:

axes of _each of the FLCs in a stage of the fllter 400 are parallel to the
pl ane of Op®ABY-i Fer thervidso Jyight 1 éhiemorg Prdpat! Y staRageTegine: kdsmusiqroduce
spectrumof the filter 400 in the unswitched state depends on the conbi ned
r et ar dapolenizedf ligthe Ai vaeferyi bfjethier @) Resft Gidéd Rystéh8 emplel pdlaeizdtionsinSinedget he
filter 400 can be Synchronously sw tched between the unswitched state and
the sw tizhgfostate (in which the optic axes of the cells are at 45 with
respect to the polarization entering the stage) by application of a voltage
step. The-reflective nature of the reflecting |inear polarizers, preferably
at the first reflecting 10 linear polarizes (e.g., 202, 303, 40l ), neans
that the wong polarization |light is not absorbed but is instead
reflected. |Fightee isatpp vievcofmlamp L7 andsbe bmags anginerl§p|of theesysieneingiguras i n
the lanp systemdescribed in U S. Pat. application Serial No. 08/ 747,190,

filed Novefieelamp2l STLRPMs paf! of thedimagk Wﬁﬁ%flsa eDgpht LR tAP Rl 57, #Bich
Producing a Beam of Polarized Light, ich is incorporated by reference

her ei n ept refl

system f”r(éléh Q g tgx%ar%g]%f ceic'hn%gé Ei)%hsor %%Qﬁ tﬁHﬁ'g @“tng éer
sullted othe tas thanthe col or shutter. The cIe aékggsorptlé

polari ZRAMQEsHIzinglsns BEsteraddBrigct elor shudtep 46D di The o t output Homethe he
preferred reflecting |inear polarizing materi al DBEF or MOF) may not be a
per f ect shytienti9tben impiagesl amrefipctig lavear polaiizerg 60§ m&bﬁl’yy fargled o€ HBEK (or

i nproved results. The cl ean-up absorptive polarizes would actually absorb

very |iMOB. ILi beth%q; @%ﬁaﬁzwﬁl i3 Fontedab a‘%ﬁﬁgtl@ﬂﬂfﬁ&ﬁ@ﬁél&nmh% g0h pAssi ng

t hrough the DB is small. Therefore he cl ean-up polarizes does

not su h e of t.he rpt.ive, | i near
pol ari ?thrlezqiyhe%t h%/p a{%lpg ﬁgﬁt 3& t{l{?rérref%%esff)rs,[grg ar?ggéegdé?] 6131}1 Pé
(e.g., with polari zers 203, 304, 404), in accordance wth enbodi rrents of
the  s3PPI9NUiafq perigd,jgisynchronjgatian with the shater1397The 5CL) dahis hauariey,ave. ~
atl ~ 30 six undo aqt ~ut~~eloa ~Iluatuot~aala ~Cq ul$ual ani ?n~ pansap >? o~
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and is reflected by the reflecting linear polarizer 160. Thus, the image is provided from the

20 LCD 161 through the reflecting linear polarizer 160 to imaging optics 162 and then to the rest
of the system. More details on the image engine 156 are provided in U.S. patent application
Serial No. 08/730,818, filed October 17, 1996, entitled "Image Projection System Engine

Assembly," which is incorporated by reference herein in its entirety.
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phase velocities 5 through the naterial. The two waves have a phase

r et ar dafor bettartpetfbfindice taftef thekefldvting flineAgsMriRt el Hedn-up of geriiphal Thishe
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n/ 2, independent of wavel ength, bringing the quadrature field conponents

i nt o pheesttion¥hBPetsiled d]ustrhttormadfivarians anbpdiments awanoopliacuss&D6 convert s
elliptical polarizations into |inear polarizations with
wavel engt h- dependent orientation. Since the two conponents are in phase, 15
this represents a linearly polarized field oriented at an angle. Tuning is

acconpl i shedg: i-mply fol 1 awin he, achr LG ter

(oo art or BeS 657 b bye BT of Ui SRURIE R aBHE A s TR B30b,
pol ari zer 50 which sel ects the desired wavelength. The FLC cells 502, 503
P C oo T (o ke Esrionlseisis biduigh CAZbAl RRple Fisisgtn Shler
expand the tuning bandwi dth. 20 Figure 10 illustrates the color shutter

600, whOereritongd winoh it ingerpordted by ecfevaned kareinhin itk eotietyy Thik patent provides a

i ncorporating fast switching surface stabilized FLC (SSFLC) cells (FLC 1-5)
601, 60ftaifed3desbfptior? B¢ 1RO DasReLISE ishider! b Fer RPLALILALT Fn GEdor&itke 6RRh 607,

and 608 define stages 609 and 610. The two FLC cells 601 and 602 are in the
first Setn?t%%irggn%s %P H%dﬁlgenbt}/ont, rr1f¢'?flecting linear polarizers, preferably in combination with a

clean-up absorptive linear polarizer, are used instead of the neutral density absorptive linear

20 polarizers.

Figure 6 illustrates a single stage of a ferroelectric liquid crystal (FLC), for example, a
smectic discretely tunable Lyot-type filter or color shutter 200. The net retardation of the

stage can be modulated by electronically rotating the crystal axes [a(V)] of the FLC
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the FLC cells 603, 604, and 605 are in the second stage 610, bounded by the
parallel reflecting |inear polarizers 607 and 608. The filter 600 is
designed to selectively transmt three visible colors (red, green and

blue), and is capable of rapid color guwitching to generate a visual display
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20 stage exhibits a transmission spectrum with half the spectral period of the previous stage and,

therefore, provides blocking for the following stage.

Figure 7 illustrates the operation of an FLC, for example, a smectic A* (FLC),

continuously tunable filter (LCTF) 300. The direction of propagation of light is along the z
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A three-stage, discretely tunable Lyot-type filter 400 incorporating smectic C* FLC

20 wave plates is shown in Figure 8. This device contains four reflecting linear polarizers (P1-
P4) 401, 402, 403, and 404, seven FLC waveplates (LC1-LC7) 405, 406, 407, 408, 409, 410,

and 411, and three birefringent elements (B1-B3) 412, 413, and 414. The four reflecting

linear polarizers 401, 402, 403, and 404 are all parallel. The three fixed birefringent elements

405, 406, and 407, one in each stage, retard light at the design wavelength by one wave, two
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| ~xs~a - [P s 1~~~ 202 -17The filter .90 - Vi i,nto
e s?diss T Fafshngte phiehorbies, IR st o RodRgs Sl e 2
W th a nonochronme video display 908. Each stage_consists of the prinmary
col or phwtdid state (i whichyths optic exes afxbe celbmare @i 45D wjthrespeehie dhgpolarization
swi tching angle SSFLC device (i.e., 901, 902, or 906), as shown in Figure
13. Theemetiy thg stage )ty dpplip@ion offa vioagé steper 5 consists of the pleochroic
pol ari zes (bl ue-green) 903 and the pleochroic polarizes (red-green) 904,
with the two SSFLC cells 901, 902 in between: Blue-green neans, for

i nstance, that blue and green are pol arized along the sane axis, and red

light is unpglari.zed. The first SSFLC,cell 90l is adjagent.t bl we-.green
ol ar i 2es. 00 ShelsIesis s AE s selectog e izel PRIGRTY o e e T ure

pol arizes 904, with the third blue-red pleochroic polarizes 905 between the
filfst aliepas pelerizerdekl, 209030324010 0ransThet theewoog polanizating lighs ircrat @bsorbed,

pol ari zers 903 and 904 are oriented parallel to a reference vertical, while

t he m dblleeis phstadeNéded Ol othe 285 p 99 2aptdte bf Bbsdidifig ittt fdflected thagpNa in the
direction. The SSFLC devices are oriented with one of their optic axis

directi . r Lcal 1 i i epse to
the- ot hare QRie ierblt WE S ot SRTEaUG Sha8 o W7 [, I KABELAPLRC
902 are in the vertical state, the filter_ 15 900 trapsmts blue light,

ahi ch i %o FRHsH: éflgl} i8Ry LamP WYPBARALCIOF Braduciogr Begm of PQB’{'ZFi LY i cal
while the second cell 902 is switched to its other optic axis state, the
filter ®bGhis mneipptated edreférginte, herdin ddnits sntiretyt, theaieflgctebénergy eah bewgusedint h
SSFLC cells 901, 902 are switched to their non-vertical state, the filter

906 t r afhe By dtémY ©thdradel the eﬁérgy c#€8e hb@edy GtHASI@Rétabéter 3liled @l tBE task 20
The optional third SSFLC cel " 906, orient eg in the sane way as the first

two, c I jac o the pl egchroi,c.noiarize 4 ayed. by
the (co %‘??}ﬁé;ﬁ%g%?&?éerf I ig%icieganflfpnglgsroﬁbvlea ?@%%99‘8 lévi I{Oﬁ%l(%t gqug%cls agalsn
oriented parallel to the reference vertical. The third, 1 A~ ~ ég;gz
- 1$SSFLeMbqdimentp bowevercbgcayser the pagferred reflesting Linpar podarizing wateriak DBES1 (8 put
is swtched to its other
MOF) may not be a perfect polarizer, the clean-up polarizer is preferably included for
improved results. The clean-up absorptive polarizer would actually absorb very little light,
20 because the amount of off-polarization light passing through the DBEF (or MOF) is small.

Therefore, the clean-up polarizer does not substantially have the problems of the prior art.

Any absorptive linear polarizers in the color shutter after the first polarizer can be

replaced (e.g., with polarizers 203, 304, 404), in accordance with embodiments of the



state for the blue-transmtting filter state. Adding the third SSFI:C‘ac Il
906 enables the filter 900 to have all of its primary color states h "1t 4802
same out put polarization. This is advantageous, for exanple, if the filter
900 is used in conjunction with a liquid crystal display 5 that is

pol ari zation sensitive. The neutral r«igl ecting linear polarizer also

i nproves. the. overal |l color. saturation qf the filter.900 with nost practical
| b1 oo TS OB E IPOBHITLIAPE Jeabed; ¢ HeaneiBuisots TE el T aerd 1
within the filter 900 of each pleochroic polarizer 903, 904, 905 can be

r ear r angiétdt podirider ¢ogs 26308 414)ysodtht benadiitis sxducecirat nhe ketemripplasizersn $lovaverach
primary color, w thout departing fromthe scope of the invention. 10

Fi gur es cbftainl&idigdidl h6vanppes %_relgﬁha%[yfthb tr@fladtintdit, Gpariiaddrly bRy pelbeRRAt, a

l-stage filter with no birefringent element, and a 2-stage filter,

respecti ] ance Wit h. enmbodi nents.of i KON T re
col or - seal\égé:gtélnvéénfl%?ég{aglg%rr{sg"fqyﬂ{ng?’ére f)tb‘fe ﬂﬂ&ersgﬁ)g ’ ?ggomfmgeg%%féﬁ%gte §. I n
Figure 14, the 1-stage filter 1000 consists of a birefringent elenent 15
1001, tiEPlacsomenty @il geflect dupprreetip polarized dight back Hyoysm e capirastpges of theos,
1005, an optional set of one or nore colored filters 1006, an optional

di f f usercobireshettdr. (Thig reflectet lighewill Be abdoriest by thesauvdrime ofireo Stagboinnthe coloe
birefringent elenent 1001 is situated between the two SSFLC devi ces 1002,
1003, angy t ' t ;

reflecti ngﬁ%ﬁlﬁgra}?qgsgﬁgﬁ@g%e § f%%ﬁhé}%&)gaﬁ% e&f@%;@gﬁlﬁ%&ﬂ ﬁ?ﬁ%ﬁf“g@f"gﬁ g%rs
1004, 1080r5e gave tthﬁi}?r %qo axes orient edﬁtg_zﬁr allel to a refl([ler nce.tverti ?al and
the opti B ANP8 Gt fife 2bOrRian Qyer Many o AURPONFHE: rather oihal fning it B @, few; o
direction. The SSFLC devices 1002, 1003 contain a 45 switching angle FLC
and ar e ‘GPIPEREMY so that their optic axes may be switched parallel to the
optic axis of the birefringent elenent 100l , or parallel to the axes of
theoreflecting |linear polarizers 1004, 1005. Figure 15, which illustrates
the 1-stage filter 1100, is a special case of - : ~; z00z -19t he

1-stage filtex i Laur 4 - t i
constructed g&%{%’tg ?39/ aggqgﬂélg%:p?%gg)“f%%rl&t%‘él%ﬁI(%%cﬁfb%gg‘bp'%’x%%%%]rt@(gegr’%“i"tsssho

bi refri ngen | ement, such_as the el enent 1001. s Referri to Figures 14
and” 15, Y pSCRFRER 7 03 cam cmilegn, CBIFloREISFES vhighe el dinretion
renmoval nmay be effected by a passive filter that always bl ocks transmni ssion
of vi ol dntefferghee Filteey" svhichl isancotpératednbyb ecfeprencebirainyinhiés entirptyt hhis aratendf
the selective-color filter system 1000, 1100, including at the input,

bef ore tphevidefd dthildddiekédiftRh JTIhbAsIESoldP uttePSr ﬁteav%be'taﬁohh ¢n FigliléscS addt and
15. More details on the operation of the filters 1000- and 1100 1o are

i ngd udedpi ti LS. Pat. No. 5.347 e 2- flLhter
1250 shagi 5 BB BB0at B, be FpoofillyedifRas fordiery'dLie by & BPlapke
two SSFLC.deyi ces 1203, 1204, three reflecting |inear polarizers_1205,
1206, 1209 reflpcing insar podsrigersyiin pesoEdanee wibrambodipenss el invegtion o The ceor
enbodi nents, a colored filter t 5 system 1208 (shown in Figure 16), as
descri behbutiens 689 end60@ preferably iheltdageclédn-ae alsohfiBe, linkad Poladnat/ as dwcussed
reflecting surface are also included. In each stage 1211, 1212 of the

2- st ageabovd er 1200, the birefringent elenment 1201, 1202 is placed adj acent
to the SSFLC device 1203, | 204 (the order being uninportant) with both

el enents (i.e., one of the birefringent el enents and

20 Figure 9 illustrates a single stage FLC, a chiral smectic liquid crystal (CSLC), for
example, a chiral smectic A* FLC, continuously tunable filter or color shutter 500 containing
two FLC half-waveplates, the optic axis of which are rotatable in opposite directions in order
to increase the tuning range. The device is tuned to a desired wavelength by electronically

rotating the optic axis of the FLC half-waveplates. The direction of propagation of light is



one of the SSFLC devi ces) together being situated between the fefleltvﬁ% 2002
linear polarizes (i.e., 20 between the pol arizers 1205, 1206 and between
the pol arizers 1206, 1207, respectively). The second polarizes 1206 of the
first stage 1211 also serves as the first polarizes for the second stage
1212. The reflecting |inear polarizers ;1205 1206, |1207 have their axes
ori ent eglopafirld 8lis.t Phé 4Ll 6F ﬁi@@fﬁngé{tte!lé?ﬁént 58NGnll TR 302 AN 5930dre B8l Of
the birefringent elenments 1201, 1202 is oriented at 45 to this direction.
Each S devi ce. , 1203, ..1 204 cont ai ns 45 i tchi.n -1 ~1~+'rd. 2002
Soangl & W ERY I R RruRg BiEeF ROGTERS SO b WETLOPALE TG B s
the optic, axis of the device to be switched between the polarizes ( 120a
1206, 1907)axisoistheifixed pirefiingaet elerentdtliip qripaed by el5° vgth 1gepespta Heanads. of
the birefringent elenent 1201, 1202; the second way allows the sane optic
axi s t othbénminid ditiddd betd e Bqidl amphihalei s, (whi2h fraveé 20 Giffeis2 phasexiebocities
direction and a 5 direction perpendicular to the optic axis of the
mrﬁﬂm%@ 1 [ | B ed in
obt5 ai ni ng tiﬁetﬁ% ree |lo'r ?ﬁn%W&g%l Ssr @%dﬁﬁ%éﬁgﬁﬁgrdﬁmgf g% %{tso?z%éeﬁl{i@fﬁtag@*lZOO
bei ng uaed.tég? 2-stage filter 1200 enbodi ments can be operated in either
the ref V&0 or the | o transm ssive node. For operation in the
reflective node, a reflective surface is placed at one end of the 2-stage
filter 1200 adjacent to the reflecting |inear polarizes (i.e., adjacent to
1205 or 1207). The opposite end then becones the input and output to the

filter 1200 mngneéraflithd psiFiza2o8 B BroadEbanBdight Exifihe theirefigenefldmesosy iof t he
enbodi ments enploy one or nore of the colored glass filters 1208 to inprove

t he col gf; i il I t L.aur 7 show
col or TRt Bt YhisSndliny PoBu pEsmenaliuft e ‘Bectdl o e pu 100
1500 are other variations of two-color shutters that, use a linear

pdPari RManzafen, he Heldsxiting the sirpisingentolgraent DAY i3 ngsAt gRAChFoMAtE quarter-
accordance with enbodi nents of the invention, preferably with a cl ean-up
absor pt waseplatan£ea, wiidtafunzgiens dsiagetlgaici9 ahalpzern This’TBembrawitdse remkdationlofit t er s
1300 and 1400 that include reflecting linear polarizers 1302 and 1402,
respectyy,elh?(qepgﬁ&m f IWavellRNS bieein® BE ahMbdge f@80cdiitnehdClnds Shase.

reflecting linear polarizers 1502 and 1504. Liquid crystal elenments LC 1

1506 a L 1508 in the col or shutter_ 1500 provi.d ontrollabl.e rotation
of por altereIPres s setiorelly Gk s PR qberonyBD Hlpled Ol i bt
enbodi nents, preferably all red |ight polarizations are -1 A~ ~ 2002

- 21al | RRkaIZatoRswish savelengthslepenidgat arientgion. Butss the fwaqgrposents Aye inphase, (| n
Figure 17B), and 1510 and 1 S 12 (in Figure 17C) other than the |inear
pab ar i zbissrep@bdntsva rihegily @olaiaed lfieldeotiegld at an kagkew Tuting is ddventdished byl
operation of the various special polarizers 1304, 1306, 1404, 1510, and

1512 i sid-RA i [=)] i-ve ki 1 17C.
5o he qounpB 68bfithe tie LEHEAUR. bBSldvebRRPAI (12 aRbbite TrickSqa, ) i
color shutters, that..incl e.reflectinj%sline r pol arizd%rs can l?e 'ﬂ%e%é”

proj e oft %ﬁotatia@ﬁ'eéy léﬂ?ﬁ{ r ting, polagzer , which selects the desired waveleng

FLC cells 502, 503 are cascaded in the filter 500 to increase the maximum tilt angle and
expand the tuning bandwidth.
20
Figure 10 illustrates the color shutter 600, which is a two-stage multiple wavelength
blocking filter, incorporating fast switching surface stabilized FL.C (SSFLC) cells (FLC 1-5)
601, 602, 603, 604, and 605. Reflecting linear polarizers (P1-P3) 606, 607, and 608 define

stages 609 and 610. The two FLC cells 601 and 602 are in the first stage 609 bounded by the



reflecting linear polarizers are used to reflect the light that would have
been absorbed by prior art color shutters. Thus, the overheating-dngpg 2002
degradati on probl ens have been resolved and 1o projection display systens
usi ng sequential color operation can be built and operate reliably. The
particul ar enmbodi ments di scl osed above -are illustrative only, as the

I nventi @fbs&ayrehé‘cdﬁ'gOlirfehﬁgolaﬂﬂerp6@&%&% 7.1 dhddhdé Fereddis@at, eoliakdleeptardanner s
apparent to those skilled in the art having the benefit of the teachings

herein. ,Furthe re | i mtatjons intended 15 to. the det ai

const r udt5 GRS %esﬁsb(ﬂ%ﬂ&?gdnbysh'ﬁm,raq%f CH DL ngaég%risb%)g z}nﬁ 40§eofc]feai s
below. It is therefore evident that the particul ar enbodi nents disclosed
above miilteneDOaistdspigaecbio sedrttivelydraasmitahiee sigble valarafredraredy endcblHe) aud &
within the scope and spirit of the invention. Accordingly, the protection
sought barablerofirapidoketswitohing td Berdiste @lvaduabdigplapwf a continwousrrangofzvigiBlehat
is clained is: 1. An apparatus conprising: a liquid crystal color shutter
that filggfs col or conponents of light, the liquid crystal color shutter
including a reflecting pol ari zes adapted to pass first s col or-conponents
of light having a first polarization and to_reflect a majority of second
col or conponents of |ight having a second polarization that is different
than the first polarization. 2. The apparatus of claim 1, wherein the

refl ecting p&hardolwsshuteprG0§eproaides ridiC aetli enjoi bloekingpfiltensi thes incdudeTHe
apparatus of claim1l1l, wherein the color shutter further conprises an active

r et ar defefRemi Bikat folifizérd 806 607 808lir dcRbRIAhcORRR ah ebodin®in€8f the inwvindbA. t he
| ight of the polarization according to the different operating states. 15

4. The r. imdl, .. rein | or . t e ISes a
ci can: up g betEnfen W iet bRIARER AP Rt i W RE: B WP bIcERIREIRT
pol ari zgé cgaﬁ)r{prirﬁei_ an._ao entrance pol ari zes and th(i ﬁ,o or shutter further
cofpri s&ecaplexiThe five FL& eolly 36 have a selegged kpwd crysial dhigness. dingagronys on
wherein the exit reflecting polarizes conprises a clean-up polarizes. |
~u~A' ~~the FLC cells\g01-6045 at' the angles-(or,=cts) represent-the-orientation .of the-optic. axes of the
W..S... "FW. .-~ ~: ~u . = 1 -.~ ........ .... fau...a ~ ;

-+ . ~. FLC cells relative tothe in~ut:;s>olaﬁi_br 606. These é.ngTe;T(:‘aﬁ'bé either O or ;/_‘4:depending_1 A
i' ~ c002 23 7. The apparatus of claim1l, wherein the reflecting polarizer

conprises ,nul t.ilayer opti.cal .fi.l aratus of clai erein the
colmér sﬁﬁttlfee?W'é%‘H%/ﬁ tht(?g Oﬁ%i ELQH%}‘@%B%%@?r CSEAT RS %flrti%ﬁ@%f 3@@& to
retard |ight passing through the color shutter. 9. The apparatus of claim
1, wher Biogugthaf the | teansmirgiopospacitacef dmprdividyala sigesst aM“ﬁH?hF yindepgagendybi ng
reflecting polarizer. 0 10. The apparatus of cla m1l, wherein the color
shidt t er swischablle(Rl&licélls caa@edduee multiple transmission spectra.

Figure 11 is based on a color shutter described in U.S. Patent No. 5,619,355, issued

April 8, 1997 and entitled "Liquid Crystal Handedness Switch and Color Filter," which is
incorporated by reference herein in its entirety. The patent provides a detailed description of

20 the basic color shutter or filter operation. Figure 11 shows a color shutter 700, which is a
reflection mode two-color filter employing a liquid crystal handedness switch, that has an
absorptive polarizer replaced by a reflecting linear polarizer and preferably includes a clean-

up absorptive linear polarizer, as discussed above.



‘light froma light source and the reflecting polarizer conprises"a1 APR 2002
reflecting polarizer adapted to reflect |light of the other polarizations
back to the light source for reuse by the light source. 15 11. The
apparatus of claiml1l, wherein the reflecting polarizer conprises a
reflecting polarizer adapted to reflect |ight through the color shutter to
distribute thermal energy. ao 12. The apparatus of claim1l, wherein the
reflecting polarizer conprises a refl-@dting polarizer adapted to reflect

|l ight of the, other polari i.ons back through .the color shutter.. . -

a2 2000 B Falor iufiy, 280 LitiRady crbrheniuiorubl Mhndiis Swich vt | s
conprised in a tunable optical filter. 14. The apparatus of claim 1,

wher ei ncangBtieg (of rrelenting dmepu pelagirerc 6 ppdedlyscapiage withnatt FdiCnguarterefavect i ng
pol ari zer stage. 15. The apparatus of claim 1, wherein the color shutter

f urt herrecodgrplses7ogar AnofL@ Halfolibes plaieeastically coupled dosp passivey gt wavd6. A
liquid crystal color shutter that filters col or conponents of I|ight,

COBPI | Slefilder dndtShb i} &;Saggoﬁggle@f&s%e%, AUBRLAL RIS 3shfxcah95diﬁ,g5@,otﬂ@nt s

of light having a arizatrton and to re a mpjority of second
col or conponents of |i havi ng a second pol arjzation that is different
than t K&t FF"é‘fpasgwﬁc‘j‘faé(g%;’éﬁsicéﬂPe&‘?{&”&a%&&?l‘\%‘l‘?‘i&’fe&q‘régﬁ- operabl e in
different operating states to retard the first light in one of the

operating states. 17. The col or shutter of claim 16, wherein the color
shutter further conprises a 20 passive retarder adapted to inpart a fixed

retardation Réfeii ©f Fibl@Ni1, She bHENtRASR G 4R FRC &Md703 98 bé *IRtEEsticaMy t he
active retarder. I8. The color shutter of claim 17, wherein the passive

6L o AL G 4 5141050 S5 e B Syp Rl o bz,

s e et s e ~ o~

19. The_col or shutter of claim 16, wherein the reflecting polarizes .

cofrpri sEE somnpenest of wgpplariees light incideat onothe reflecting breas mplariger J02cwvish m 16,
wherein the reflecting polarizes conprises 5 nmultilayer optical film 21.
The colmiariation paraldél to ltied aRid 6f thetpeteizer T0P(iG tpavedlel & thedeaxis)dspanseisted
ferroelectric liquid crystals. ',0 22. The color shutter of claim16,

uher ei iyt e il 903, POPHRLEDE RbALERa0! pllle78F bhikE drRnRaCRr /A ORI ighe

di screte operating states. col or utter o aim 16, wherein the

differe operating states of t active retarder, c i se _continuous
oper at i@éﬁ‘&?‘ﬁ?‘é? cfgveﬂf’. t?i“e&%?ﬂ‘gg cufbias polagzation, ko %‘g}ﬁv@ QP%‘%{"Y% p!%q: or
shutter_is adapted to receive light froma |light source and the reflecting
pol ari Z&3 heingerigntediat o/4,¢he dight pélerizatightofafutpuidight hechangedite zight-kandedack
to the light source to be reused. 20 25. The col or shutter of claim16,
wher ei reitchiar pelfhhmwnnM@aémss SPIEH TFIESancalb® Balaparat&ldrig P, i e&tain
=== ~f~nN~~-~~~ ~ N~~~ - ~ ~~e, 200z
embodiments of color shutters, as described in the aforementioned U.S. Pat. No. 5,619,355.

In the color shutter 700, any embodiment of the handedness switch can be employed.

The handedness switch 701 is operable with polarized light or unpolarized light. The

20 component of polarized light parallel to the reflecting linear polarizer 702 is transmitted and
coupled to FLC 703. Light polarized along the axis of the polarizer 702 is transmitted in its
entirety (neglecting losses at the polarizer 702). However, a linear polarized light source,

such as a laser, can be used to produce linearly polarized light oriented along the y-axis. In



26 26. The color shutter of claim 16, wherein the reflecting pola ﬁ?g )
conprises a substantially nonabsorbing polarizes. 27. The col or s r %2
claim 16, further conprising a clean-up polarizes 5 adapted to work with
the reflecting polarizes. 28. The color shutter of claim 27, wherein the

cl ean-up polarlzes conprises an absor |ve | i near pol arizes. 0 29. The

col or t fs gges a1 a ge is
defi neztnﬁyé urgljll%%f O(%)as fZ}J@f Heg(ﬁ rlllga po §§+ ?%Iegn themﬂ %’3&% %g(rins)tb?ses a
pluralit &t retargers. 30. The col or shutter of cIa|n116, wherein
the reffl @F@hg iBECENd the active ~5 retarder conprise part of a
field sequentlal color di splay system 31. A projection system conprising:
an i mage engi ne conprising: a light source configured to provide light; 20
a reflecting polarizes adapted to pass first color components of |ight

having a firge RedaddcgatRth 200 i Qserdeivhﬁqfev@emr@m%ytoqhe HBEARAHes3 Vfhe
conponents of light having a second pol arlzatlon that is different than the

cotmon a2 7af8H hE e Adfedaiqnfghl «Féntiein 68, o Stiirfo, "Thes 'haé?ee&* Bhe

filtered cql or conpaonents of the first qht to rOV|de i mge- i and a
screen s§PipYS deviersr caadhaeng pe mqmgbOHersfgﬁt: iquid cxysannmu aryp?lémm CPs)
~talye:=-~WwwW U n~a~ ::~~e~==~="\, ==~"_ s | | ;p~~~Nt~~~~ ~- ~~~

~~~a ~dOZPLRf8&. onthandddapacd ] ltght wﬁxﬁxemvcﬂvekehguhrbaﬁ&,, busttansmin hlghewtaﬂd: eﬁt ing
pol arizes conprises nultiplayer optical film 33. A projection system
compr | Shagifeerich bndNhs SAMACHaif 7 leUtoBliid RarRediehle |1 ght having col or
conponents; a reflecting po &rizes that passes |rst col or conponents of
1+g-ht having a first polarization and reflects a majority of second col or
conponents of |ight having second polarization different than the first
polarization; a liquid crystal color shutter that filters color conponents
ofl®the fir sthfﬂgng te Gigurg i bvtheleolpr shustee 00 iigyi two-geldr ke, wdihspravidpes & t o
inpart an image to the filtered light. 34. The projection systemof claim

33, f urpringdry coolaes i1 thhsissneand adapéalerst onisiembmearyt he theTpgtiaryl 20BEs inThe
projection systemof claim34, wherein the screen conprises a rear

Pr O] €CtL QLR %‘Sﬁow@% th%_ HEna%dRés‘E%Wut%ﬂ 7 S %Q&er%@'lﬂaﬁé‘es RRGRAAA EEs
screen conprlses Fojectron 5Ccre

"I ~UUG 28 37 he tion system
of cl a|7r9148305 pag FﬁBﬁ’h%’éﬁﬂ)rq%PSnboéf Jloaeooﬁ‘bfligﬁg aé‘ﬂafﬁ’ﬁe‘ﬁg‘thﬁn%gségﬁ Hi?vf: eto
the screen. 38. The projection systemof claim33, wherein the |ight
sour ce,sampgeftagtion band and the other two have different reflection bands.

15
Figures 12-16 are based on color shutters described in U.S. Patent No. 5,347,378,
issued September 13, 1994 and entitled "Fast Switching Color Filters for Frame-Sequential
Video Using Ferroelectric Liquid Crystal Color-Selective Filters," which is incorporated by
reference herein in its entirety. The patent provides a detailed description of the basic color
20 shutters or filters operation.

Figure 12 shows the basic structure of a multilayer guest-host color filter 800. Three
SSFLC cells 801, 802 and 803, are arranged optically in series along reference axis 804.

Each cell contains a uniformly aligned, 45° tilt angle smectic C* FLC. Each of the liquid



shutter, the reflecting polarizer, and the inmager are conprised |q ﬁ " 20
conputer nonitor. 39. The projection systemof claim33, wherein't fé ?8?‘&
source, the color shutter. the reflecting polarizer, and the inager are
conprised in a o television system 40. The projection system of claim 33,
further conprising a clean-up polarizg. adapted to mork with the reflecting
pol ari z lon T pL ectlon em of. cl aim i n. the eflectlng
pol ari z&? c%?r%ﬁ 8soels *’gg)zr gﬁ flﬁ@te |"W§hrts ﬁellgglrnf%tecrmecﬁlﬁn agfegrt%aer F
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15 liquid crystal cell is switched at a given time to transmit a primary color. In the latter case the
primary colors are subtractive and two liquid crystal cells must be switched together to give a
resulting primary color, which is additive. In both cases, a frame-sequential video system

would generate an arbitrary color in time-sequential frames of the additive primary colors.

20 Figure 13 shows the structure of a three-SSFLC pleochroic polarizer color-selective
filter 900. The filter 900 employs two SSFLC cells 901, 902 and three pleochroic polarizers
903, 904, 905 to generate color, and a third (optional) SSFLC cell 906 and reflecting linear
polarizer 907 to ensure that all the output colors are polarized in the same plane. The

reflecting linear polarizer 907 also serves to greatly increase the color purity at the output.
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vertical while the second cell 902 is switched to its other optic axis state, the filter 900
transmits red light, which is vertically polarized. When both SSFLC cells 901, 902 are
switched to their non-vertical state, the filter 900 transmits vertically polarized light of

substantially all colors.

20

The optional third SSFLC cell 906, oriented in the same way as the first two, can be
placed adjacent to the pleochroic polarizer 904, followed by the (color-neutral) reflecting

linear polarizer 907 with its axis again oriented parallel to the reference vertical. The third
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10s x. diHdt id Pbi&iZHiba %enditive. TEHOMR k) reflecting linear polarizer also improves the overall
color saturation of the filter 900 with most practical implementations of colored polarizers. It
is obvious that the positions within the filter 900 of each pleochroic polarizer 903, 904, 905

can be rearranged, with correspondingly different switching combinations for each primary

color, without departing from the scope of the invention.

Figures 14, 15, and 16 show a 1-stage filter with a birefringent element, a 1-stage
filter with no birefringent element, and a 2-stage filter, respectively, in accordance with
embodiments of the invention. These are color-selective interference filters 1000, 1100, and
1200, respectively. In Figure 14, the 1-stage filter 1000 consists of a birefringent element

15 1001, two SSFLC devices 1002, 1003, two reflecting linear polarizers 1004, 1005, an
optional set of one or more colored filters 1006, an optional diffuser element (not shown), and
a reflective surface (not shown). The birefringent element 1001 is situated between the two
SSFLC devices 1002, 1003, and all three elements together are situated between the parallel
reflecting linear polarizers 1004, 1005. The reflecting linear polarizers 1004, 1005 have their
20 axes oriented parallel to a reference vertical and the optic axis of the birefringent element
1001 is oriented at 45° to this direction. The SSFLC devices 1002, 1003 contain a 45°
switching angle FL.C and are oriented so that their optic axes may be switched parallel to the
optic axis of the birefringent element 1001, or parallel to the axes of the reflecting linear

polarizers 1004, 1005. Figure 15, which illustrates the 1-stage filter 1100, is a special case of
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5 Referring to Figures 14 and 15, if the input light contains objectionable violet
““wavelengths, remoYal may be effected by a passive filter that always blocks transmission of
violet light. Such a filter 412 can be placed anywhere in the path of the selective-color filter
system 1000, 1100, including at the input, before the reflecting linear polarizer 1005, as
shown in the Figures 14 and 15. More details on the operation of the filters 1000 and 1100

10 are included in the aforementioned U.S. Pat. No. 5,347,378.

The 2-stage filter 1200 shown in Figure 16 consists of two birefringent elements

1201, 1202, two SSFLC devices 1203, 1204, three reflecting linear polarizers 1205, 1206,

1207, and an optional diffuser element (not shown). For certain embodiments, a colored filter

15 system 1208 (shown in Figure 16), as described in reference to the 1-stage filters 1000, 1100,
and/or a reflecting surface are also included. In each stage 1211, 1212 of the 2-stage filter

1200, the birefringent element 1201, 1202 is placed adjacent to the SSFLC device 1203, 1204

(the order being unimportant) with both elements (i.e., one of the birefringent elements and

one of the SSFLC devices) together being situated between the reflecting linear polarizer (i.e.,

20 between the polarizers 1205, 120\6 and between the polarizers 1206, 1207, respectively). The
second polarizer 1206 of the first stage 1211 also serves as the first polarizer for the second

stage 1212. The reflecting linear polarizers 1205, 1206, 1207 have their axes oriented parailel

to a reference vertical, and the optic axis of each of the birefringent elements 1201, 1202 is

oriented at 45° to this direction. Each SSFLC device 1203, 1204 contains a 45° switching
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same optic axis to be switched between the polarizer (1205, 1206, 1207) axis direction and a
5 direction perpendicular to the optic axis of the birefringent element 1201, 1202. One of these

~ two geometries is employed in obtaining the three primary colors, depending upon the 2-stage

filter 1200 being used.

The 2-stage filter 1200 embodiments can be operated in either the reflective or the

10 transmissive mode. For operation in the reflective mode, a reflective surface is placed at one
end of the 2-stage filter 1200 adjacent to the reflecting linear polarizer (i.e., adjacent to 1205

or 1207). The opposite end then becomes the input and output to the filter 1200 and a
diffuser element may be situated at this end. Some of the embodiments employ one or more

of the colored glass filters 1208 to improve the color saturation while others do not.

15
Figures 17A, 17B and 17C show color shutters 1300, 1400, and 1500, respectively.
The shutters 1300, 1400, 1500 are other variations of two-color shutters that use a linear
polarizer. The linear polarizer is a reflecting linear polarizer, in accordance with
embodiments of the invention, preferably with a clean-up absorptive linear polarizer. Figures
20 17A and 17B show the color shutters 1300 and 1400 that include reflecting linear polarizers

1302 and 1402, respectively. Figure 17C shows the color shutter 1500 that includes
reflecting linear polarizers 1502 and 1504. Liquid crystal elements LC1 1506 and LC2 1508
in the color shutter 1500 provide controllable rotation of polarization to allow for color

shutter 1500 operation. In these embodiments, preferably all red light polarizations are
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As described herein, in accordance with embodiments of the invention, color shutters
that include reflecting linear polarizers can be used in projection display applications. The
reflecting linear polarizers are used to reflect the light that would have been absorbed by prior
art color shutters. Thus, the overheating and degradation problems have been resolved and
10 projection display systems using sequential color operation can be built and operate reliably.

The particular embodiments disclosed above are illustrative only, as the invention
may be modified and practiced in different but equivalent manners apparent to those skilled
in the art having the benefit of the teachings herein. Furthermore, no limitations are intended

15 to the details of construction or design herein shown, other than as described in the claims
below. It is therefore evident that the particular embodiments disclosed above may be altered
or modified and all such variations are considered within the scope and spirit of the invention.

Accordingly, the protection sought herein is as set forth in the claims below.
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crystal color shutter including a reflecting polarizer adapted to pass first
5 color components of light having a first polarization and to reflect a
majority of second color components of light having a second
polarization that is different than the first polarization.

2. The apparatus of claim 1, wherein the reflecting polarizer comprises a
0 reflecting linear polarizer.
3. The apparatus of claim 1, wherein the color shutter further comprises an

active retarder adapted to be tunable to different operating states to retard
the light of the polarization according to the different operating states.
15
4. The apparatus of claim 1, wherein the color shutter further comprises a

clean-up polarizer.

5. The apparatus of claim 1, wherein the reflecting polarizer comprises an

20 entrance polarizer and the color shutter further comprises an exit reflecting
polarizer.
6. The apparatus of claim 5, wherein the exit reflecting polarizer comprises a

clean-up polarizer.
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8. The apparatus of claim 1, wherein the color shutter comprises a plurality of
5 reflecting polarizers adapted to retard light passing through the color
shutter. —

9. The apparatus of claim 1, wherein the reflecting polarizer comprises a

substantially nonabsorbing reflecting polarizer.

10. The apparatus of claim 1, wherein the color shutter is adapted to receive
light from a light source and the reflecting polarizer comprises a reflecting
polarizer adapted to reflect light of the other polarizations back to the light
source for reuse by the light source.

15

11. The apparatus of claim 1, wherein the reflecting polarizer comprises a

reflecting polarizer adapted to reflect light through the color shutter to

distribute thermal energy.

20 12. The apparatus of claim 1, wherein the reflecting polarizer comprises a
reflecting polarizer adapted to reflect light of the other polarizations back

through the color shutter.
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15.  The apparatus of claim 1, wherein the color shutter further comprises part

of a field sequential color display system.

0 16. A liquid crystal color shutter that filters color components of light,
comprising:
a reflecting polarizer adapted to pass first color components of light having
a first polarization and to reflect a majority of second color components
of light having a second polarization that is different than the first
15 polarization; and
an active retarder operable in different operating states to retard the first

light in one of the operating states.

17.  The color shutter of claim 16, wherein the color shutter further comprises a
20 passive retarder adapted to impart a fixed retardation on one of light of the

polarization and light retarded by the active retarder.
18. The color shutter of claim 17, wherein the passive retarder comprises

birefringent element.
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oOfa 1200.& (1\‘he %oo h(L}tteryoq ]lalm 1%), wt¥ereln the reflecting polarizer comprises
5 multilayer optical film.

21. The color shutter of claim 16, wherein the active retarder comprises

ferroelectric liquid crystals.

L0 22.  The color shutter of claim 16, wherein the different operating states of the
active retarder comprise discrete operating states.

23.  The color shutter of claim 16, wherein the different operating states of the
active retarder comprise continuous operating states
15
24. The color shutter of claim 16, wherein the color shutter is adapted to
receive light from a light source and the reflecting polarizer is adapted to
reflect the light of the other polarizations back to the light source to be
reused.
20
25.  The color shutter of claim 16, wherein the reflecting polarizer comprises a

nonabsorbing polarizer.
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27. The color shutter of claim 16, further comprising a clean-up polarizer
5 adapted to work with the reflecting polarizer.
28.  The color shutter of claim 27, wherein the clean-up polarizer comprises an

absorptive linear polarizer.

0 29. The color shutter of claim 16, further comprising stages, wherein each
stage is defined by a plurality of reflecting polarizers and each stages

comprises a plurality of active retarders.

30. The color shutter of claim 16, wherein the reflecting polarizer and the active

15 retarder comprise part of a field sequential color display system.

31. A projection system comprising:
an image engine comprising:
a light source configured to provide light;

20 a reflecting polarizer adapted to pass first color components of light
having a first polarization and to reflect a majority of second color
components of light having a second polarization that is different
than the first polarization; and

a liquid crystal color shutter that filters color components of the first

25 light;;

folded optics adapted to receive the filtered color components of the first
light to provide image light; and
a screen adapted to receive the image light.
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33. A projection system comprising:
5 a light source configured to provide light having color components;

a reflecting polarizer that passes first color components of light having a
first polarization and reflects a majority of second color components of
light having second polarization different than the first polarization;

a liquid crystal color shutter that filters color components of the first light to

0 provide filtered light; and

an imager adapted to impart an image to the filtered light.

34. The projection system of claim 33, further comprising a screen adapted to

receive the image.

15
35. The projection system of claim 34, wherein the screen comprises a rear
projection screen.
36. The projection system of claim 34, wherein the screen comprises a front
20 projection screen.
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5 shutter, the reflecting polarizer, and the imager are comprised in a

computer monitor. -—

39. The projection system of claim 33, wherein the light source, the color
shutter. the reflecting polarizer, and the imager are comprised in a
"0 television system.

40. The projection system of claim 33, further comprising a clean-up polarizer
adapted to work with the reflecting polarizer.

15 41. The projection system of claim 33, wherein the reflecting polarizer

comprises a reflecting linear polarizer.

42. The projection system of claim 33, further comprising a plurality of
reflecting polarizers adapted to work with the reflecting polarizer.
20
43. The projection system of claim 33, wherein the reflecting polarizer is
adapted to reflect light back to the light source to be reused by the light

source.
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1 10! comprises multilayer optical film.

45. The projection system of claim 33, wherein the light source, the color
5 shutter, the reflecting polarizer and the imager comprise part of a field

sequential color display system. —

46. A method comprising the steps of:
providing light having color components to a reflecting polarizer;
‘0 transmitting first color components of light having a first polarization
through the reflecting polarizer;
reflecting a majority of second color components of light having a second
polarization that is different than the first polarization from the reflecting
polarizer; and
15 filtering color components of the first light using a liquid crystal color

shutter.

47. The method of claim 46, wherein the transmitting comprises passing the first
portion of the light through a reflecting linear polarizer.

20
48. The method of claim 46, wherein the transmitting comprises passing the
first portion of the light through multilayer optical film.
49. The method of claim 46, wherein the reflecting comprises reflecting the
25 second portion of the light to a light source for reuse.
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5 51. The method of claim 46, wherein the reflecting comprises reflecting the
second portion back through the color shutter te-a light source for reuse of

the light energy.
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