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a preferred solution in many cases, because of the physical size needed to

provide a reguneniabéMion’ atéOfo ealeh shEEss Mev@bp&dusing 1l<1u@ducﬁysran YBClactivsed
color shutters would be preferred, as they are typlcal y small. Liquid

crystal £olafs g@d;h)?/e Sz%rhgqué\/? colfgrSSh%E VFeﬂ%Q n%(ﬁ%ﬁz%r' n their

operati on. Us6. S0 rm of polarization
of the different colors of I|ight conblned mnth a rotation by the LCs. The
rotated light is then absorbed by various polarizers. The |ight energy nust
be absorbed by the polarizers to provide the desired effect. This is
acceptable in the original uses in color canmeras, but beconmes a problemfor
hi gh power |anps used for projection displays. To get sufficient light to

the screen, iCdnQbdudfnl propRlioPlishByE theQ.ls@H‘ Hﬁfer@tﬁgkétgﬁg 'f&rb?owam\é%b’h téboe
anount of Ilght must be provided fromthe lamp. T e various | osses in the

7St UL P DRSS 235 L SRNRS S REO AL 9o S b
s IJD ac Egparraﬁcla ?rg;l:n?llsglvee %quu)c/i clr)r/]st;[xlhpeanels were used. In either case, three separate systems
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.e., red, green, and blue.

As the wheel rotated, each color of light was passed for a time by the filters in the wheel.



light path, is very high. Thus, the absorptive polarizers would be required
to absorb | arge anobunts of light, nmuch nore than they could reasonably
bear. The color shutters would 15 either fail or breakdown in the short
termor degrade in the long termdue to inproper thermal effects.
Therefore, LC color shutters are not_g reasonable alternative to the color

wheel . The desi@Rerthé Sologflhedl (it freBoRE SAlidhi iQMADT cdsbe tetalgk & fith@ger ,
sequential projection display system 20 The invention relates to providing

a refl i | arj.z in LG based l.or shutters in.nl f. e
absor pt% ?‘%‘&gos ar[?efgesa.e{ FOUS nagreﬁsofl«g@l% SEPS I 6K é?qufgté@ ct% ﬁog' Iq‘ll%léfp Eaaly
filtered is not absorbed, but is reflected. Thus, the total energy being
absor b@sWycalereshupere ol be eagleyed. cuben are dyniely sl ddfeid ansel eplotan be
used in projection applications. Additionally, if the -3lanp used in the
syst emshsttergpladweyenf usat alsbaitivg pdierizess iredieidopéraiiin.  diemeallly, shest.€nvolor
efficiency is increased. In one aspect, the invention features an apparatus

that i RELHGE @ s6Rk Oformhbit F&xr 'zé't-fb‘fl of AR Gitreidie tofrs oralghd @onidedl vithtd ng
pol ari zes adapted to pass fight of a polarization and to reflect |ight of

ot her | ari zatjo er_obj.ects .and advantages of the. .invention w]|
becorre%a)tﬁg%r} é?ﬁt‘l‘%%‘rf- %E ir tﬁpéfjﬁégh? df Ir&b‘?}iﬁ %Og’éﬁgw 5%10&83%°}?r&ef30nT§ﬁ&l\ghLon
reference to the drawings in which: Figure 1 is an illustration of a front
pr oj ec By suskbeabseshedityi the pelariaersitorargwiderthe desirefiedfigete This is agpeptable in
illustration of a rear projection systemusing a sequential color inmge 15
eng |t ne theFbxgingl ek $n @Pldr:dauﬁlws,ab@uombc@fneara_ ;%brreizhofcg!mm pbga:_r lampsid ﬁteﬂ !f|0ﬂd
system usi ng a sequential color imge engine; igure 4 is a detaile
i1 ustrati of: rtd on,. t | 0 e i ~tEl gure
oL AR isfa T b A éx?ﬂfghPZ&nghea%chgh XRheMBht & B Profectbi 9

5is adetaile str o) ehélne of t i gure

3: Figures 6-16 are illustrations, of various cql or. shutters ip,accardance
wt h v&Pﬁ?’bﬁi‘E"‘f’g ATV dRTRA DR DRSS DB PTOVEC] fPBh i RmBah LBR YEHANS be
used in the projector and projection ~a.insolasip siil~ 30 ~3auaq ails
~ui n>; llqsses ia-the-systen] which-mayeapppoach 9986, asduce thoghtuevdletd tedinahpiojested a aq
ssal at| ~i anau pl nom ~i "~ ~utu~nsuoa-auzi ~ pt~ xalduioa aqgq lil~i u~ ai 0~3a
~uauzd@venaps azesul iR Fghtt eV thed edlor Mtter, adHill s Fiskceld! feRtivelly eatlp®@heOy ~
vai | ~ouu o~ uou~~uauzal dm auo uio.t3 ~n Ili”~ u~~uM " s~ui ~ysuoa

pa~~| ag- | S pas=| ai- ut,a~s~Cs il ~u~ aau-ij.dui ~C (.Sl ~0~
R SR B T (RS

ar ~t aads- uou~~Llau~aI dut i
amounts of light, much more than they could reasonably bear. The color shutters would

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.

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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Figure 3 is an illustration of an extra-folded rear projection system using a sequential

color image engine;

20 Figure 4 is a detailed illustration of a portion the light path of the system of Figure 3;

Figure 5 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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t he f| rst elenent, and in sone cases nmay include additional |inear

pol ari zers. Prior art color shutters have included absorptive pol ari zers,

whi ch absorb any inproperly polarized light. This is adequate in | ow power

applications, but unacceptable in high power applications. Therefore. 5 in

accordance with enbodi ments of the present invention, the above projection

systens i ncorporat e color shutters that incorporate a reflecting |inear

pol ari zes orlllpsrative zahodimenih of shomryention auorescribed hebaw.edni the interpshof

pol ari zes or polarizers are used instead of the absorptive linear polarizes

o5 pol addrizgrmot al fedtnies of absaufltimpiendnidtvh 49€ degcribed inctaiy specificaionddwilbr

better performance after the reflecti ng linear polarizes for final clean-up

of the Jficaiise ba-QF@‘eElanq z[;mfl rt‘ﬁ’é e@xt O?fah\?gﬁdhn&u} al BRBLAIRRLAT h@rﬁ&o@sﬂd an

absorptive pol arizes can be use as t e incomng polarizes in the color

shutter. ny. exit .polarizes, an | nternedi a pol ari zes
fnpfl menta¥10n spcc1P ¢ decisions must ge made to achieve t}xe developers™ specific goals,

such as compliance with system-related and business-related constraints, which will vary
from one implementation to another. Moreover, it will be appreciated that even if such a
20 development effort might be complex and time-consuming, it would nevertheless be a routine

undertaking for those of ordinary skill in the art having the benefit of this disclosure.



positions. Detailed illustrations of various enbodi nents are now di scussed.
Figures 6, 7 and 8 are based on color shutters described in U S. Pat. No.
5 1 32,82b, is issued July 21, 1992 and entitled "Ferroelectric Liquid
Crystal Tunable Filters and Col or Generation,” which is incorporated by
reference herein in its entirety. This_patent provides a detailed

descri ption @f adchgiaBas ivric elndbdistbats 8f (e idvehtion. ener atdiers cdh bacged dance
wi th enbodi nents of the invention, reflecting |inear polarizers, preferably
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& a~~—s t‘%llél}{'esd3 3%71 Isl%ivv%n}emgprojection video system 150 that includes a reflecting
linear polarizer 151 and an achromatic retarder 152 that allow light in a projected image 153
to reflect from a display screen 154 at one instance and to pass through the screen 154 at
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



-9axis) and the faces of birefringent plates 301 and FLCs 302 are normal to
the z axis, with reflecting linear polarizers 303, 304 oriented along the x
axis. Since the birefringent elenent 301 is rotated by 45 with respect. to
the x axis. the input is divided into two equal anplitude waves, which
travel at different phase velocities ghrough the material. The two waves

are 5 re {i"léjﬁlﬁdé F abhnf bhght%ggshefrﬁ)ﬁg&rn%elﬁp%ﬂnf > Oa&ﬁ%@ eRahq thes inighiingent

el enent 301. I n general, e polarization o and light exiting the

bi refringen | e 301 is el]iptical, with field copponent arall el and
per pend?’ Wa«itrﬁelf”o )diCPEE’E%‘ﬁhbfa"taﬁgjl? U ‘Il%f’rs?‘?ateﬂg’ﬁ‘.g ?ﬂh@ifwacaﬂ%%i ting
the birefringent el enment 301 is incident on an achromati c quarter-wave

pl at e 365mp@aRy.c Hor thectidemnsystesn 4H0 ¢ Mopk ipripeyly agralyagsr engittte | He mushrdiluce
guarter wave plate gives a retardation of n/2, independent of wavel ength,
bri ngi npolaligediligiélr ahWiicty of tieepsuzest sidé@tsf»stahg%mplambaﬁea@n tnhiEnage
achromatic quarter waveplate 305 converts elliptical polarizations into
l'inear pglarkgations wth wavel engt h-dependent orientation. Since the two
conponents are in phase, this represents a linearly polarized field
oriented at an ~ 5 angle. Tuning is acconplished by sinply follow ng the —
achromatic quarter-wave plate 305 (after the FLC 302) with the rotatable
exit reflecting Iinear polarizer 304. which selects the desired wavel ength.
A t hr ee- st agBigudi Sisrastbplvyew afaking L57odndtthe enddel dnginedi®® dfnicosysemmain Figure
snmectic C* FLC 20 wave plates is shown in Figure 8. This device contains

four refl epid Rehp | S BIMROYAY bZ BleSintdge lenbBthe 46l LR i 3he & 497, whRKED
FLC wavepl ates (LC 1-LCr)" 405, 406, 407, 408, 409, 410, and 411, and three

i noar Rramis o cRintiyy oF sy sintde pfiiaafl i Poised AFroul” sqlBmefi ™, e

birefringent el enents 405, 406, and 407, one in each stage. retard |ight at
t 8 deshYRogsazanG:legs BYBymMot8 taea eolor sintter 13ndiepolasizgd flight owtpub om the
respectively. In the unswitched state of the filter =100. the optic axes of

each of shuiter Fi%Ghen impingésagea feffletding lindat polakdd 180 eppferably &drmied of MBRH @ne of
pol ari zation of light entering that stage. The transm ssion spectrum of the

tilter my t | : - i : ' of
the. bi rotr nouht obEriebsa st h ARt B il RIRSLAG RIS B
bo synchy onousl. | t.ched t n . the unsw tched stat nd the sw tched
state (ﬂﬁe '%ng/%\é\faﬂﬁ‘t“ﬁcl*gg)eﬁ%ﬁfthFﬁereE%Yffssr%ﬁir eSTeth @ggvﬁflﬁ (iaé% €t'9%t he
pol arization _ entering the stage) by application of a voltage step. The
r ef | ect 3RPEORTIRtQPRIIOYS intsyachrefizatian wigh thenghmttepdidr The L&D pé biser girier avave he

first reflecting i o linear polarizer (e.g., 202, 303, 401 ), neans that

t He wr orequrgol for FOAL’ sikelk, @hihat theNPihtabsdidpeshd Riflectise st erdONepixeietiad. | f
the lanp i s capable of absorbing the reflected energy, as in the | anp

system }qﬁﬁ?{aiigﬁ%f.afédq)}s'%%(&.e., FRRILERL Eaa(gB o "th@ retifh pgt%/ 7()4Bas159tﬂroufghl i
Novenber 12,

reflecting linear polarizer 160. This is schematically shown in Figure 5. Light in (i.e.,

reaching) “OFF” pixels is not rotated upon reflection from the reflecting/polarizing LCD 161

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.



1996, entitled "H gh Efficiency Lanp Apparatus for Producing a Beam of

Pol ari zed Light," which is incorporated by reference hereininits
entirety, the reflected energy can be reused in ~ 5 the system Oherw se
the energy can be absorbed by other elenents better suited to the task than
the color shutter. The cl ean-up absofPptive polarizer would not be required
in this enbodsmetad; chiowehetters Hadads et tdast prefisegrepplareder.eepicady [as bayfirst

pol ari zing material DBEF (or MOF) may not be a perfect polarizer, the

cl ean- ugePehiQbhd BY sonfe @Is8§ BaghMuddsddideshl @Ear padiréad g Ut SolorTdi@itters
cl ean-up absorptive polarizer would actually absorb very little light, 20

becauseyt,) f Lari .00 i , ' [t F..(or
VoP) oS B bRl LA, ST oo Pty DABRIR, (BHER HE TR
have the, probleps of the prior art. Any absorptive |lineay polarjzers in the
col or sHIFALF Ik oMepPoweeaPpliFatons Ul ungesepahle lBén%be‘&?fea@P@%ﬁ.ﬂﬁ.fl?- griore.

pol ari zers 203, 304, 404), in accordance with enbodi nents of the

- 13i nvemt peznydaber vatheembodimeqtsi o€ thet prelsentr impéraimad theThkoveapmydctipn ofystehns
retlection is done at the tirst polarizes (e.g., 202, 30s. 401 ~, so the

benef i tinksrpbREIESSr Sutleheihh@in@brpBRIt@h iré@ERing ink Qﬂizer%?rpbﬁliriﬂe@,_dﬁichiagﬂa
advant ages are gained by the replacenent, particularly of any prior exit

absor pt § l}n ol atizes (e.0,., by lLinear reflective pol.arizefs ,
S0a. " o EFIAR PG Bt GBRedFieDlingal pap bR ior SYuREL AR, R sl Sor e

pol ari zed |ight back through the earljier stages of the color shutter. This
r ef | ect dgorptiyadinggripolasizengramlasizgrsoyA simerle absorptisgdinganpglarizes gasbg provigdedcol or
shutter due to insertion |osses. The thermal bal ance of the shutter wll

t hus befor spitarpefohiyarep aéatlihe gefacting higeaysodiriyet (3 fmbeleamuy of trepiiphenThis
rather than limting it to a few conponents. 10 Figures 9 and 10 are based
ongcol o r i L . : | nber
0] 03 LRI & ERTREURE Rk plictizeF gh i Morpf EhERE, cEb B -RPheE
Interference Filters," whi ﬁh i S inco;%orat.ed b¥ reference heaei nin.its
ent i r et YEORMEPYPIAEREN Hieo5Rlole STUIERAS ANtk BYIBHPE Pth 2o HEAILE PUATESY o
shutter or filter operation. In Figures 9 and ~ 5 10, in color shutters 500
and 600posttipas.abstalpd iNustrhfionsanf vpobdus ¢mlpadimetits afeenqyy diseusagd: are repl aced
with reflecting linear polarizers, in accordance with enbodi nents of the

i nvention. The col or shutters 500 and 600 preferably include a clean-up
absorptive linear polarizes, as discussed above. 20 Figure 9 illustrates a
si ngl e st agey: a-Chi,r j i qui , a
chi ral smoary Bk 07t EnetRRE b cblofishiit iilefbed Erbidnal Wp HPIRAR,
cont ai ni ng ,t FLC half waveplates, fhe optic axis of jch. are ro abl e

[ Hsoppolé‘?"g@ Y dbt 1 B and, eph ﬁe@qem%g@ut%gw%iﬁai\ggknglét?rw@ é@ fce is
tuned to a desired wavel ength by electronically rotating the optic axis of
t he FLG¢rerdtiond\vepchiemcofhmtal beotféroncedlierginopaganiimty. ofhik ipgent prevides a

detailed description of the basic color shutter or filter operation. In accordance with
embodiments of the invention, reflecting 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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green and blue), and is capable of rapid color switching to generate a
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the angles (a~-ab5) represent the orientation of the optic axes of the

The transmission of a multiple stage filter is the product of the intensity
transmittances of the individual filter stages. In a conventional Lyot filter, the thickness of
each birefringent element 204 is always twice that of the previous stage. Each subsequent

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



FLC cells relative to the input polarizes 606. These angles can be either 0O
or ~c/4, depending on the switching states of the FLC cells 601-605. The
transm ssion of the filter 600 is the product of the transm ssion spectra
of the individual stages. Miultiple independently 1 s switchable FLC cells
can produce multiple transm ssion speotra. Figure 11 is based on a col or
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(after the FLC 302) with the rotatable exit reflecting linear polarizer 304. which selects the

desired wavelength.

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



pol ari zer 702 can be omtted. The handedness switch 701 is used with

devi ces sensitive to the handedness of the 5 polarization of the incident
light, for exanple, in the color shutter 700. These handedness sensitive
devi ces can be one or nore cholesteric liquid crystal circular polarizers
(CCPs). CCPs reflect one handedness afijglight within a wavel ength band, but

t ransm Wwaves OdHq BUt %d@s 955 thgerefihagt 'UQER/V]%@Q sta@So Rk Ifil@s400. gk ogtfc 5\*&@
opposi t e handedness. eferrlng to Figure 11 the color shutter 700 is a
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embodiment; however, because the preferred reflecting linear polarizing material DBEF (or
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
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, 902, or 906), as shown in Figure 13. The col or generating part of the
filter molwrsbhders s reflectod dighhwill be plsosbadAesthesst vasiogs egis) SveS arthe color -
pl eochroic pol arizes (red-green) 904, with the two SSFLC cells 901, 902 in

bet ween:shbiteredu@rte ¢fsefBsN®sseb.OMhe NBdrail Balahdeadf the BRuttn vill tReNbaigprotddby zed
along the sane axis, and red light is unpolarized. The first SSFLC cell 901

is adja e bl ue- . pol arj zes 903 h C ¢ e 9 i's
adj acent(:\s ﬁ{yﬁgﬁ?egﬁlgﬁgeeﬁﬁ% }'fr%l 4 géj é%ﬁly \g/)\ﬁ“?ﬁ&}%ﬁltéq' faﬁ}?e?dﬁgﬂulg-ﬁ lrﬂélg Eﬂ ][edoél h?&o)}’ c
pol ari zes 905 between the first and second cells 901 and 902. The axes of
t he endCBFEBEﬁFBiC pol ari zers 903 and 904 are oriented parallel to a
reference vertical, while the m ddle pleochroic polarizes 905 has its axis
i nl@ he orthogonal direction. The SSFLC devices are oriented with one of
their optic axis directions parallel to the reference vertical, with the

swi t chi ng 56%?.1&:@9%@ 19taR€ baseR tonCeofet shuflérs @eddribad e UNSL PHtélit INArsy243\4580
both SSFLC cells 901, 902 are in the vertical state, the filter 15 900

transmt; u Lght , i i s, hori.zontal.l ol ari z d.-V\QgO h ' . SSFLC
cel | QOES%PEA v%? t‘%rg%ir \Khwiqlgggt ﬁ’éd seélt%lﬁ c@lfMQSTe?%c sl\s\lan"g hed’ ?t%)l ﬁthESAI{JZ? et
optic axis state. the filter 900 transmts red light, which is vertically
pol ar i zeBteriowane Bdters. Sehich sdnsapoped Mo efeaerceshireianadts entirpi r This patent
non-vertical state, the filter 900 transmts vertically polarized |ight of
subst antprevifigs adetaibaal desariptida ofhke bayid eolat sHulter o Mrloperadibh. IDGiguoes andd i n
the sane way as the first two, can be placed adjacent to the pleochroic
polari zqg, f0blod hul:ssdo Aid bHE the %&ﬁftlﬂ%:ﬂr{egxl DolhiBlet£61 thBPribl Reafe &Pia@é_lglhé es

907 with Its axis again oriented para to the reference vertica

third with reflecting linear polarizers, in accordance with embodiments of the invention. The color
shutters 500 and 600 preferably include a clean-up absorptive linear polarizer, as discussed

above.
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



-18SSFLC cell 906 is left vertical for the green and red filter states, but
is switched to its other state for the blue-transnttung filter state.
Adding the third SSFLC cell 906 enables the filter 900 to have all of its
primary col or states have the sane output polarization. This is

advant ageous, for exanple. if the filtjgr 900 is used in conjunction with a

I qui d goysitRlz isPIrRY rRed BEbird (AnPQh RUdnddl 150D 88T IAsVRR ahASS0NGHE hedmal
reflecting |inear polarizer also inproves the overal | col or saturation of

thefll ractica mentat i r.ed arl ers.
is \Elilﬁeo%g}g? ’ha{th {ﬁﬁé%ﬁ Tﬁabﬁ(%lawetrg?!fz\ff‘%d; (?5 ?rtlen ECB%BE%{‘“Qeaé(hSp% tﬁ?oi c
poI ari zer 903, 904, 905 can be rearranged, wth correspondi ngly dlfferent
SwWi t chi dR§icEsRtrae Tspd bﬂ@ﬁ‘“@%kﬂ%ﬁ@ﬁ&l@i ig grignted iy 50 0¥ thEpREet Tonige fr B%8-t he
scope of the invention. fO Figures 14, 15, and 16 show a 1-stage filter
with a theimfut isrdjeided Bit@méquaaaxllpﬁtualg®va‘vie£,tvehiicmrwel nodiffereat phasgenlockieenent ,
and a 2-stage filter, respectively, in accordance with enbodi ments of the
i nyenti and
1200, r@%geﬁ?ﬁﬁﬁa%@\ B T A S S
birefri %ﬁ 5giement ~5 100I, two SSFLC devices 1002, 1003 two reflecting
| i near eB i“Zers 1004, 1005, an optional set of one or nore col ored -
filters 1006. an optional diffuser elenment (not shown), and a reflective
surface (not shown). The birefringent elenment 100l is situated between the
two SSFLC devices 1002, 1003, and all three elenments together are situated

bet ween t he [agieatraklthe ﬁtfléx%ahbﬂgf bida@aand VBt &8RS tHeUILrinkRAbelerhB 501 is
reflecting |inear polarizers 1004, 1005 have their 20 axes oriented

| f
Ef‘;ﬁenfé"i%t%fﬁ. R b B PP nhd e RRRUEARE' 5, B hidfict ol T8
| 003 c tlaln a 45 switching angle FLC and are oriented so that their opt| C
aXls neRPlHFatgR-t DhoHeld sxiingdhe 8@eff1néer5 slamens R0 L isgncidgpl o JcBIGMALG QAT enent

1001 ( or parallel to the axes of the reflecting linear polarizers 1004,
1005. Fvapepktel )6, whiichhfuhttianstas ah eHiptiogy lanal;;zfag d'his ¢lerent a6 a rbsrctatispséi al
case of ~ui ua~~nns 0S~ ~ sui ~~uoa ~ZI "~ Zl aainap ~'1,~SS uau~ 'uonaaaip

stul 0~/@SmdeperiRht! 3% Owslelehhh, | bringin Bgzhé qﬂaalaa@@fkaﬁauacwm@m At~ phlsela~a
30 six ai ~do auk pug I~rruan aauaaa3aa ~ o0~ lail~. ~d pa~uatao saxe ataul

an~q L azta aa add ~~Is
puoaasqghq fg%s%ga%cgo&c%& EL ﬁwgﬁgpgeasg?ncé’gge%ss?ﬁp tegt lalrlzg%‘m 3 m%s e aql
~0 90Z i ~aazu~lod, puoaas ag,!|, ~(rC anyaadsaa LOZ | "90Z | saaztrel od agq~
uaann~R}IBatigepvith waygtength-depandentticatationa Sinsedks B compenents aredaiphase,
.reauii ~uyaa~aa agl uaannaag pa~~nys ~nmmg aaq; a~o~ (saai nap ~~, ~SS ag~ ~0
aud pughis-rapregamitsaa -fmaardepab'nQecﬁﬂkldSmawai at-am Jangleu allzdnga isqammpﬁislml by
(~uuuoduzmm ~mag aapao agq~) t~QZ | catnap ~'13SS au~ 01 ~uaa~ fps

paa~| d s%ﬁ)l;@gll(l)wmg th&%cHromb AU g @Ry V\Hl%e%[g 6%60(1 @q afte0R€ dSIRR 0P, 80388l auk
a——as ua~ ul ~papni aul osl ~ aa~ aae3ans ~uyaa~aa ~

:?TLIDE 8 08‘{\/&%@? eégilnfgﬁrelgllegtlra&ﬁagﬁzer S%Qaw?uch r2{%me %esued g’e?e%sggp the (g1
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 FLC (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



aa~h3 paaol oa ~ " s~uaunpoquza um-zaa ao3 ~(unnogs you) -~uauzai a aasn~~ip

| ~uondo uu puu "LOZ I "90Z |1 "SOZ | saazia~iod a~autl ~ut-~aaPaa aaatl!| "~ ~pZ
| "OZ | saainap ~~3SS o*n~ "ZOZ I ~ | OZ | s~uauzaia ~ua~uu~ang onnl 30

sl stsuoa g | aan~y uc urnogqs 00Z i aa~li.~ a~~~s-Z auZ '8L L~ S 'ol~l '~~d
'S fl pauoi |l uauzaao~~ aq~ m papnlau~ ga~ p GO .1 P~ 000l saa~l~ au~~o
uoy~aad@osdll refeciihg endi [RAQTZeTSE0PM 607. SadMye AVK dolluBonu®4sand 8004re in
aazu~lod .~am ~unaa~aa a~~ aao~ag ~ndui auk ~~ ~npniam 001l 000l -~al s~s
aa—ly apt A8 ANKARLAR o2HBuidRd by ifle Bty 0 ARRUMY s, PAATL s 307 Und o, The
aa~iy ~ uanS yu I°T ~al oI ' ~0 0ol SShESU~a~ S~ao q Chnr2 ~~~, aa~ly anss~d
~ ~Cq pal aa~~a agq ~~ux | ~nouzaa ~su~~ual an~nn ~al om al quuoyaaf qo sure~uoa
il R 0gTs dbiensd top*ﬁgcu‘iﬁé HARSH S (i %&Of%‘lﬁ%ﬁf?a’lﬂ Bl S o
"luau~al a | ua~uyi aatq ou si aaaua ~daaxa 000l aa~l|~ a~;~ ao3 paql aasap s~
~| | a~xacqpablawé rapid eolsi s@BcHing tagederde aaisugh displayof a~contingougawpgeyofmisibleous
p00l1 aal 1?3 a~~Is- | atll -6T -20angle FLC and is oriented in either of
twe way&lokhe first way allows the optic axis of the dencte to be ~mtched
bet ween the pol arizes ( 120. 1206, 1207) axis direction and a direction
parallel to the optic axis of the birefringent el ement 1201, 1202; the
second way allows the sane optic axis to be swi tched between the pol ari zes
( 1205, 1206, 1207) axis direction and a 5 direction perpendi cul ar t% t he
optic axis ofhq Kelobjshatter ARR rmrowdesdhC £olb1colaroblpcking efiligrs s mclugg the
geonetries is enployed in obtaining the three primary col ors, dependi ng
upon t hefl2etsigdiyeaf pdlasrerd 80%) 40| 60B insedorddive itlsdragabddiimentr of 1RO hvention.
enbodi ments can be operated in either the reflective or the transm ssive

node.  Fpire®REleBEd ol r ' i HeefhdrV600S e @&&@rdnfcaly aced
at one engl of e?h%&gf g‘?gtgsgg?itﬁe??ﬁ%e%ﬁkgg?g%%%t rnteg et he r'r ef | egti ngr i r?egr

B naieebbls” TR i EFEL: oeb et Br it PREC I B oRbe Rl T8 ™

situated at this end. Sonme of the enbodi nents enpl oy one or nore of the

col or edthgF&&Escels|60&r6H35| at Piggangdes (eprony ecnrésenicibE oricsiation af therpphipiares ot ther s do
not. ~5 Figures 17A, 17B and 17C show col or shutters |300, 1400, and 1500,

r espectFMekylls rehigive ol thceihput p&tize 606, ThERGngles cai bekith@rd aitt/andepehding
two-col or shutters that use a |inear polarizes. The |inear polarizes is a

refl eCF&m&elsw@g{ngg z%}@gwaﬁi%’ FIL.O BAE8H P'.%g§e T\Pﬁe&&n&ﬁg%h 'B?gﬁf fifter 68Wis the

i nvention, pre a cl'ean-up absorptive ['I'near polarizes. Figures

20 17A and 17B. show t he col or shutters 1300 and 1400 t . i ncl yde

ref | ectBAGG; Hellie YonsipissiapsSpesEd %fné]‘elmfiZ‘,"dPgsffé%etsi véﬂ?}ftlp‘ﬁ Q‘Eﬂg’BeW@l% hows
the color shutter 1500 that includes reflecting |inear polarizers 1502 and
1564. Livdishable Fl.&t cellls ehe prduse ingGltipld GaGmEsAion PRctIB08 in the col or shutter
1500 provide controllable rotation of polarization to allow for col or

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.




shutter 1500 operation. In these enbodi nents, preferably all red Iight

pol ari zations are -2lallowed to pass at all polarizers | 304. 1306 (in
Figure 17A), | 404 (in Figure 17B), and 1 ~ 10 and 151? (mFigure | 7G

ot her than the linear polanzers, allow ng green and blue light to be
switched. The detail ed operation of the various special polarizers 1304.
1306, 1404, 1 ~ 10, and 1512 is indicated in |legends to their respective
Figures 17A, 17B, and 17C. 5 As descried herein, in accordance with

enmbodi nent s i nvent Len,. color shutters that. i.nc I i N i near
pol ari zers chr? Egl%ﬁssgﬁt??rnbg@df]éeiggeibo% S(ﬁriles?%?a@qué%p r?'éctgallt %%g%gﬁﬁge%gll 2(():{i ng

| inear polarizers are used to reflect the |ight that would have been

absor be@npylir phretigeting dinspr gplatizesr 402 gprcallytarsdeVHB Y hhCatirgediassiat i on
probl ens have been resol ved and projection display systenms using sequenti al
col or operderipbate 8A. ben HUIC thaBhdhvepgin@t epticelly ablipied Ther passive oquaeter wave
enbodi ment s di scl osed above are illustrative only, as the invention may be
mogli i aghapnd éxwt%%wﬁqn'b@ fled frf%fe%ﬂ,tinQHﬁaiﬁ%‘rﬁb\balrﬁéHts. MRNGRESerARRRAERE, the
those skilled in the art having the benefit of the teachings herein.

Furt hernpre o limtations are intended 15 to th etails of construction
or desiagﬁv%g}cg?%mgﬁm‘? pl@feﬁéfmgﬁé‘wt@gggt‘é%?’i’% rieﬁ"“?%% clains below. It is
therefore evident that the particul ar enbodi nents di scl osed above may be
altered or nodified and all such variations are considered within the scope
and spirit of the invention. Accordingly, the protection sought herein is
as set fort Rdferringeo Higirdsl 1D@hdVtientatdoh Yeie FISC Weli T03dcdnsbe edodppipaltyat us
conprising. a liquid crystal color shutter that filters col or conponents of
light, &henld gaH stal i 0e i l‘?:?eta% Qlaﬂ% a;ro'bzes
adapt eclS toh%)dass ?Iﬂst%a %n%cg?‘gwtéorg g%lttetﬁtﬂs’é gglls ﬁ?%}%?reﬁgéﬁrgg a Pr St e
polarizgtion and to.reflect a majority of secopd col or conponen of . I'ight
hg(i/i ngz@es%mebbpéwe%ﬁn%ﬁsi Jighf; ncidepy Pnet?\%rrf-' qating Yingar o aéFe’pftolé%lr"Ylﬁlhti on.
2. The apparatus of claim1l, wherein the reflecting polarizes conprises a o
refl ectnoi‘)vglzhﬁmea&ral[bﬂltamezzeés of3the PolariappH)2ati.as pefailel @ithe y;axithes wansntittesd col or
shutter further conprises an active retarder adapted to be tunable to

di ff er &yt thopRIzENYBt &bethel PLEC Qfudfier-fvhe bl‘aﬂ:h'ﬂopfaeihﬁ'_%rﬂéﬂﬂeardt Zg4,i @8 light
according to the different operating states. 15 4. The apparatus of claim
1, whergin. itk l.or further ,conpri a L[| 5. The
appar st ispih SReRer b1 it Ry RO B 16t BRI T BRIe B0 e Rlar
entran ofari zer and the color shutter further conprises an exit

refl ect%ﬁgvemsl erisniessat -g/4, the lightppelarzasionof ougunlight {shehanged tondghhapded
reflecting polarizes conprises a clean-up pol ari zes. Ce e e

, ¥ ~ | circular polarization. The handedness switch 701 can also be operated in reverse, in certain

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



23 7 The apparatus of claim 1. wherein the reflecting polanzer conprises
mul tilayer optical film8. The apparatus of claim1l, wherein the color
shutter conprises a plurality of 5 reflecting polarizers adapted to retard
l'i ght passing through the color shutter. 9. The apparatus of claiml,
wherein the reflecting pol arizes conpfises a substantially nonabsorbing
ref | ecty,fag | ari T a dh r
shutt erth?;aﬁ%’raﬁte@%?g Pistingg %a%ﬁt’f?a?r bt Shal e B S Sag T
polarlze? r@ﬁ# a ref%ectlng pol ari zes adapted to reflect light of the
ot her GRLWAEKY0 the |ight source for reuse by the |ight source.
15 11. The apparatus of claiml1l, wherein the reflecting polarizes conprises
a reflecting polarizes adapted to reflect Iight through the color shutter
to distribute thermal energy. a o 12. The apparatus of claim1l, wherein the

reflecting pieclidnd@snesPEWItets 861 & (1@l WA IdRgicBO baksitde 3o AR PR dhdds roefrhect
| i ght of the other polarizations back through the color shutter. -, o

) tys
) i oot b ey BRRRORL P o R 7 OTAE iR
claiml1, wherein the color shutter further conprises, 5 stages including a
refl ectSFrﬁgtltfoﬁ Afifeseanseagiee on goreiholaspae diauid estal aireHlar, P‘aﬁé?eéﬁi @B@ col or
shutter further conprises part of a field sequential color display system
0 16. ACRxpeflectomy dinadednedsaf lghtiMithin & havelength dasd,dot cransuitpightenttsdodf
light, conprising: a reflecting polarizes adapted to pass first color
conponerd fefleétidn tHAl, LawdiNgs li’%}ictbfﬁfe o?)ﬁbﬁfe'l?aﬁﬁéd?fés@nd toreflect a majority
of second color conponents of |ight having a second pol arization that is
different than the first i5 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 col or
sKutter fur (Re&srring spFieses ! b thocelasshufer 764 i aibyo-srlabfiier, wdichrmsayidestyq xed
retardatlon on one of light of the polarization and |light retarded by the
act i ve prietaay detors 18.trahbRissnosinds hth@ﬂor@fcoﬁ:ﬂpﬂtrﬁtrﬁ:Yry mereepmnmec@aﬁ;s ive

retarder conprises birefringent el enent. y oy
-1 2%efiRtiod. h?oﬁ&b&l tﬁ?H&{cﬁ:ﬁn&E s&heBh Pﬂ)i-Gt e e‘?'m?tutf@u e@ﬁét@ﬁ&ﬁd@g ari zes
conprises a ref ect| I'near polarizes 2 e co utter of clalim 16,

Sher ) 5 oy €L Bk B R P35 el A bk PRS0 skt B

ferroelectric I|qU|d crystals.
same reflection 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



0 22. The color shutter of claim 16, wherein the different operating states
of the active retarder conprise discrete operating states. 23. The col or
shutter of claim 16, wherein the different operating states of the active
retarder conprise continuous operating states 15 24. The col or shutter of
claim 16, wherein the color shutter Lggadapted to receive light froma
light s eod-efdrectin |l arizes is adapted.to reflect the |ight
of *the" onar cony 80 NosR ShE PR Pl PR B0t bl L TS ateligpesd
The col or _shutter of claim 16, wherein the reflecting polarizes conprises a
nonabsolf By J6RdT soesct seis of facing eleetrades 805 )68 amteiccaeiabdrivingmeeans 807.cl ai m
16. wherein the reflecting polarizes conprises a substantially nonabsorbi ng
pol ar i zedichzan Tirepemiearly stitth erchdfSFEiGagdn 8@, sb2UrgoRerA rokptingsiingr golatigan- up
pol ari zes s adapted to work with the reflecting polarizes. 28. The col or

shut t er 8¢f isPliledadjbcetfSb R chdtdTeheld ssHP oggégi::b%@ﬁs SOTRHD, 3 A 0SQLPLi ve

| i near pol arizes. 0 29. The color shutter aimle, furt conpri si ng

st ages, .y each stage.is defined by plurality of .reflecting ..
po?ari z%%@?%ﬁg Q}éeage%erg?caeg‘gb “‘c%r?ﬂralcg%rga%cep‘f"ﬁk‘ &Pief'g’ogf'x%fﬁﬂf\yge ryeniQre Lhisgg.
The col or shugter of claim 16, wherein the reflecting pol ari zes and the
active <40 hedpHowed by ampmoskroprvidestdisplay 80 Eecfileant808 maydiedHumirasidafyom
system 31. A projection systemconprising: an inage engine conprising: a

| i ght sdthecend: ofid lfrid drysal o @ivh dell BODB02, 803 8 dopéd with bAgoPRbA pléschradapt ed
to pass first col or conponents of light having a first polarization and to

o Leviagrahen il Sesind ook g6 ERTHERSRLD Sl Bl A8, A5HPRY
t al t that, filg | t f the first 25 |ight;;
SRS TEERUTI EN A ORI RIS BN L

l'ight to provide inmmge light; and a screen adapted to receive the image
| il§jht . polarized pegendicular to this axis. .The; guest dye molecules- orie@7th@Rsélies guraljeded i on
system of claim16, wherein the reflecting polanzer conprises nultiplayer
opt i calth¢ iliquid33rysl BoS RGldcRRs & L@ YeORWHéHRU Nlrough 90° along with the liquid
crystal host molecules when an electric field is applied. The dyes are chosen so the three
liquid crystal cells can transmit red, green, and blue light, respectively, or, cyan, magenta, and
yellow light, respectively. In the former case the primary colors are additive and only one
(5 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.



s a light source configured to provide |ight having col or conponents; a
refl ecting polanzer that passes-#irst color conponents of |ight having a
first polarization and reflects a mgjority of second col or conponents of
| i ght having second polarization different than the first polarization; a
liquid crystal color shutter that filters color conponents of the first

l1ght t ahe [RECYEEn He &ig@s@jﬁhb@%é @0 . BNoWIRYS thAAFRESS fifeak gaﬁr&eﬁ?pvi mage

to the filtered I1ght. e projection systemof claim 33, furt

conprising a screen adapted to receiye the |j e, is 35. The oj ection
systen18?@8?5389%3Fh%hEWB?ﬂ“?WE‘?%Pééﬂﬂéﬁ %rg%%héuﬁgéP“EFﬁfgﬁﬁ?8H“§8Feen
36. The projection systemof claim 34, wherein the screen conprises a front
ao proj eeler Bisodueiemelarizer (1,..-903f 904, @03 foflvevedrivj 248 owitehjrg eralofSELGI m
34, further conprising fol ded optics adapted to pass the inage to the

screen 38iceltie., 900] L bPBOSY &8 S1ovaf inTHigh 133, TM&II& genkhgink ipghRtof SipUfilgR, the
color s shutter, the reflecting polarizes, and the inmages are conprised in

a Gonpu : Sy s > Dr \ . rein
tha 1T gre oL Behe blopthedic aqlaifby (S oRicR) 562 bRTURAAERENGE plALP (ebortlS
i mages gﬁf conprised in a o tel-evision system_40. The projection system of
cl ai m 330417 Mertwoobk G icals 80 b1 Wantnuhetesar PlssSISera Freats: ot HstaRCthd t he
reflecting polarizes. 15 41. The projection system of claim 33, wherein the
ref | ect Phug qud| greérr ere palagizedsaleng theefdnee tkisg ahd mediligho isannpdarized 2 The Hiest
projection systemof claim33, further conprising a plurality of reflecting

pol ari zesBL@GBN1eY i§ AdWen thY blkelgh&nl SiiAriet D09 aRQtRE beeBid SBPLESeellT902 is
projection systemof claim33, wherein the reflecting polarizes is adapted
10O Efpechl ko Pty pBlanaS dh Wi RHGS o 73 ARRRY PleliPG g Rbukfor °°
claim 33, wherein the reflecti n%opol arizes conprises nultilayer optical
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Film  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.

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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switching angle FLC 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 I-stage filter 1100, is a special case of
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1001.

5 Referring to Figures 14 and 15, if the input light contains objectionable violet
wavelengths, removal 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 parallel

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.

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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switched. The detailed operation of the various special polarizers 1304. 1306, 1404, 1510,

and 1512 is indicated in legends to their respective Figures 17A, 17B, and 17C.

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

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
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.

10
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yz#10%&' () - ¥liquid crystal color shutter that filters color components of light, the liquid
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.



10 10f: z#10% ()- B CCCD} DDAEbC f#! yz#10%& ()- fT&L0% ()- S& 10%&' () -
yGLOY&' ()-,"' 10%&' ()- G&&10%&' ()- DIEEEOFFGIEDC f#! f*z#10%&' ()- f'z#10%&' () -
$T&LOYE () -f SHz#109& ()- & THLO0%& () - yg#109%& () - GXGGHNHHI |1 dE:/ 10
10SOy#109%& ()-7 109& () - S&3! 109& () - SOYy&LOY& ()- S.y#109%& ()-fS, z#109%& () -
111 BIIKAKuV7/ 10 f&10% e& ()-s&10% & ()-F y#10% & () -

y#10% & () - & #10% & ()-! 8y#10% : & ()-230dKKL L#LxLLJE7/ 10" f&3y#10% & () -
10% & ()-10% & ()-10% & ()- F#10% & ()- y#10% & () - L( MVMVNNNJE7/

10" & 210% & () - *#10% & () - 3(2#10% & {)- %6 &10% & () -

##10% &'7( ) - neINeL @rrgrqtys HPPRARD 1 Teflectipg’ polarizer comprises

10: Y: #10% & #10% & ()-s3z#10% & ()- 31810% & () -
PP:(;;(;;RR%?olE\/l%l%f1 %178{%%@ rﬁ+10%5 & ()-SY 10% & ()-fz#10% & () -

S#10% & () -fz#10% & () - %?RRHSTpTTdEYNC
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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14.  The apparatus of claim 1, wherein the color shutter further comprises
5 stages including a reflecting polarizer stage.

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.

25
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20.

21.

22.

23.

24.

25.

The color shutter of claim 16, wherein the reflecting polarizer comprises
multilayer optical film
The color shutter of claim 16, wherein the active retarder comprises

ferroelectric liquid crystals.

The color shutter of claim 16, wherein the different operating states of the

active retarder comprise discrete operating states.

The color shutter of claim 16, wherein the different operating states of the

active retarder comprise continuous operating states

The color shutter of claim 16, wherein the color shutter 1s 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.

The color shutter of claim 16, wherein the reflecting polarizer comprises a

nonabsorbing polarizer.

10 10 10,
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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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10! f | : #109%& () -, 8#10%Z& () - &96 O‘J/%gi’;é)-<X!dEuS4 10Sz#10

10% & () - f L0PBPI eI Belp¥e gRrige & ()-z#10% & ()- SH10% & ()-! 9aBus4
10Sz#%40% & () - @Y10% & ()-!f#10% & ()-y#10% & ()-f#10% & ()-! SS&10%\ & () -
>LdEuS4

10Sz#3SB30% & RrpieptienGYsEni compHstut & () - @ f #10% & () - *y#10% & () -y'

10% & ()-Y ugcﬁg?’@?gﬁcg]c%%%é‘ur(e)dtfofﬁ%g%%‘%g%)t having color components;

a reflecting polarizer that passes-first color components of light having a

. 109%& () -

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.



10t 10t 10t 9g#10% & ()- 7z#10% & ()- S5g#10% & () -/ 4dEbC 10Sz#

g#10% & ()-g#10% & ()-f 10% & ()-!10% /& ()-3 10% & ()- S#10% & ()- O*aBbC
10Sz#90&10% & () - y#g#10% & ()- ys! g#10% & ()- S3

10% & ()-!19%0% & ()-sg#10% & ()-}bA 10S V&I0% *& ()- &10%& ()- 10t 10t
10t f, 10% & () -ys*S#10% & ()-y3(g#10% & ()-eyWsbA 10, 109%&' ()-!:y "109%& ()-
| H %0%& ()-z! &10%b& ()- ! &I0%& ()-9g d&10%8| 8&' ()- #4EFGMUA 10 10HH
10HH! t =10%HH& () -s! 6=10%&' ()-s!,+ "109%& ()-!10, $%0%& ()-! &

3" 10%& () - GHKO MrAI 2 "10%&' ()-"109%&' ()-t!04"10%& ()-z!>

%4.0%& (B7! +GTheYsolectiho%gs(em ofl Ol 184, kurttiey RbmpR%& folded Bpfl€s adapted

10! >109&' ()-! z@®' %.0%&ZZ& (%)- %! C "10%&' ()-G 109 ()-nKn}~="P1L

L %.09Mh& () - X PEDRE (29 © 655N 21 d 9409 () -y SL0%& () -

"109& ()-rmd, d}[ < P1,, "109& ()-!, 9@A0%W& ()-! , 98M0%& ()-3

"@OY& ()-!Z109%& ()-!, %0%& ()-ZrdV7&10%& ()- 10 10 10!

y>109%&' éﬁr y>Tbegp(0jection0egstem -of 0g@ing )33, /witevedd \WeallighR: ot the color
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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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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 to a light source for reuse of - -

the light energy.



