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~N,s~,~vj~~~~sao, Aa",n,.,  Oz Sl o~ s   -2However, the color wheel is not
a preferred solution in many cases, because of the physical size needed to
provide a reasonable time for each sequential color. Liquid crystal based
color shutters would be preferred, as they are typically small. Liquid
crystal color shutters, however. use absorptive polarizers in their
operation. Generally, the LC color 5 shutters use some form of polarization
of the different colors of light combined with a rotation by the LCs. The
rotated light is then absorbed by various polarizers. The light energy must
be absorbed by the polarizers to provide the desired effect. This is
acceptable in the original uses in color cameras, but becomes a problem for
high power lamps used for projection displays. To get sufficient light to
the screen, in either front or rear projector applications, a very large
amount of light must be provided from the lamp. The various losses in the
system, which may approach 99%, reduce the light levels to the final
projected level. As a result, the light level at the color shutter, which
is placed relatively early in the 



light path, is very high. Thus, the absorptive polarizers would be required
to absorb large 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. 20 The invention relates to providing
a reflective polarizer in LC-based color shutters in place of the
absorptive polarizes. By using a reflective polarizes, 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   -3lamp used in the
system is capable of utilizing the reflected light. overall system
efficiency is increased. In one aspect, the invention features an apparatus
that includes a color shutter. The 5 color shutter includes a reflecting
polarizes adapted to pass light of a polarization and to reflect light of
other polarizations. Other objects and advantages of the invention will
become apparent upon reading the following detailed description and upon
reference to the drawings in which: Figure 1 is an illustration of a front
projector using a sequential color image engine; Figure 2 is an
illustration of a rear projection system using a sequential color image 15
engine; Figure 3 is an illustration of an extra-folded rear projection
system using a sequential color image engine; ZO 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 _'S alternative embodiments of the invention. which could be
used in the projector and projection   ~a.insolasip siil~ 30 ~3auaq ails
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noted, color shutters include at least one linear polarizes, typically as
the first element, and in some cases may include additional linear
polarizers. Prior art color shutters have included absorptive polarizers,
which absorb any improperly polarized light. This is adequate in low power
applications, but unacceptable in high power applications. Therefore. 5 in
accordance with embodiments of the present invention, the above projection
systems incorporate color shutters that incorporate a reflecting linear
polarizes or polarizers, such as DBEF (or MOF). The reflecting linear
polarizes or polarizers are used instead of the absorptive linear polarizes
or polarizers. A simple absorptive linear polarizes can be provided for
better performance after the reflecting linear polarizes for final clean-up
of the light. This t o combination of a reflecting linear polarizes and an
absorptive polarizes can be used as the incoming polarizes in the color
shutter, as any exit polarizes, and at intermediate polarizes 



positions. Detailed illustrations of various embodiments are now discussed.
Figures 6, 7 and 8 are based on color shutters described in U.S. Pat. No.
5, I 32,82b, is issued July 21, 1992 and entitled "Ferroelectric Liquid
Crystal Tunable Filters and Color Generation," which is incorporated by
reference herein in its entirety. This patent provides 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 polarizes, 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   z ati~ ~uoi~ s~ ~q~ti ~o
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-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 element 301 is rotated by 45 with respect to
the x axis. the input is divided into two equal amplitude waves, which
travel at different phase velocities through the material. The two waves
are 5 retarded relative to each other upon passage through the birefringent
element 301. In general, the polarization of broad-band light exiting the
birefringent element 301 is elliptical, with field components parallel and
perpendicular to the direction of the input polarization. The field exiting
the birefringent element 301 is incident on an achromatic quarter-wave
plate 305, which functions as an ellipticity analyzer. The achromatic
quarter wave plate gives a retardation of n/2, independent of wavelength,
bringing the quadrature field components into phase. Therefore, the
achromatic quarter waveplate 305 converts elliptical polarizations into
linear polarizations with wavelength-dependent orientation. Since the two
components are in phase, this represents a linearly polarized field
oriented at an ~ 5 angle. Tuning is accomplished by simply following the
achromatic quarter-wave plate 305 (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 2o wave plates is shown in Figure 8. This device contains
four reflecting linear polarizers (P 1 P4) 401, 402, 403, and 404, seven
FLC waveplates (LC 1-LC7) 405, 406, 407, 408, 409, 410, and 411, and three
birefringent elements (B 1-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   -10waves, and four waves,
respectively. In the unswitched state of the filter =100. the optic axes of
each of the FLCs in a stage of the tilter 400 are parallel to the plane of
polarization of light entering that stage. The transmission spectrum of the
tilter 400 m the unswitched state depends on the combined retardation of
the birefringent elements 412, 413, 414. The FLCs 5 of the filter 400 can
bo synchronously switched between the unswitched state and the switched
state (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 linear polarizers, preferably at the
first reflecting i o linear polarizer (e.g., 202, 303, 401 ), means that
the wrong polarization light is not absorbed, but is instead reflected. If
the lamp is capable of absorbing the reflected energy, as in the lamp
system described in U.S. Pat. application Serial No. 08/747,190, filed
November 12, 



1996, entitled "High Efficiency Lamp Apparatus for Producing a Beam of
Polarized Light," which is incorporated by reference herein in its
entirety, the reflected energy can be reused in ~ 5 the system. Otherwise
the energy can be absorbed by other elements better suited to the task than
the color shutter. The clean-up absorptive polarizer would not be required
in this 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, 2o
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
-11invention, but are not required to be replaced. The majority of the
retlection is done at the tirst polarizes (e.g., 202, 30s. 401 ~, so the
benefit is reduced at the later polarizers. 1-Iowever, certain additional
advantages are gained by the replacement, particularly of any prior exit
absorptive linear polarizes (e.g., by linear reflective polarizers 203,
304, 404). The later stage 5 replacements will reflect incorrectly
polarized light back through the earlier stages of the color shutter. This
reflected light will be absorbed by these various other stages in the color
shutter due to insertion losses. The thermal balance of the shutter will
thus be improved by spreading out the absorption over many components
rather than limiting it to a few components. 10 Figures 9 and 10 are based
on color shutters described in U.S. Patent No. 5,243,455, issued September
7, 1993 and entitled "Chiral Smectic Liquid Crystal Polarization
Interference Filters," which is incorporated by reference herein in its
entirety. This patent provides a detailed description of the basic color
shutter or filter operation. In Figures 9 and ~ 5 10, in color shutters 500
and 600, the absorptive linear polarizers of the prior art are replaced
with reflecting linear polarizers, in accordance with embodiments of the
invention. The color shutters 500 and 600 preferably include a clean-up
absorptive linear polarizes, as discussed above. 2o 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 



aq~ ~Cq papunoq 609 a~~~s ~Slli au~ ut a.tn Z09 Pug 109 sllaa ~'Ld o^~a
au.L '019 Pug 609 sa~~~s au~ap g09 pug `L09 '909 (d-ld) siazLt>?lod
.tt:autl ~upaa~a~ 'S09 P~ 't09 `~09 `Z09 `I09 (S-I .~'Id) sllaa (~'I,~SS)
~'Id Pazi11q~1s aau~ms ~uya~tnns ~si?~ ~ut~u.todtoaui `aa~I~ ~ui~aolq
tll~ualanunn aldt~Inuz a~uas-onnl a st tiatti,~ `p09 .ta~lntls .toloa auk
sa~~a~snlli 0 i a.tn~t,~ OZ y~pinnpuuq ~utunl atl~ pt.redxa pug al~ue aIy
tzmu~tx~uz ati~ as~ataut o~ 00S -Ta;I3 auk ut pap~asea a.~ OS `ZOS sllaa
~'I3 ate ~q~~ualan~n~ pansap atl~ s~aaias tiattlnl `SOS ~az~Iod ~ut~aa~a.t
.t>'autl ~txa alqu~~~o.r aq~ u~in~ (pS `Z0S s~'IS~ aqt .tal~u "a'I) 90S
a~uldan~m-.ta~nb arl~uzott.Iau aril ~uinnollo3 ~Iduzis ~Cq patlsrlduzoaa~
st ~utunZ ~al~uu ui? ~E pa~uauo play pazt.t~Iod ~Cl.reautl ~ s~uasaada.t
stqa s I `ast;ud ut atu s~uauodutoa onn~ aq~ aoutS wotl~auat.to
luapuadap-u~~ualan~nn uynn suot~~zu~lod a~autl out suouuztrelod l~ot~dtlla
s~tanuoo 90S al~Idan~nn-.ta~.renb at~euto.ttla~ at~l `a.to~atauZ ~asetld
out s~uauodutoa play atn~u.tp~nb aq~ ~ut~uuq `ti~~ualan~n~ ~o ~uapuadaput
`Z~u ~o uot~~p.re~a.t n sang luautala sttl,~ ~.taz~Cluu~ ~Cltat~dtlia uu s~
suouaun~ uaitlnn `90S a~~ldan~nn -.ta~.renb at~~u~o.nla~ uo auaptaut st i
OS auauzala ~ua~ut.z~anq aq~ ~ut~txa plag aqZ wot~EZta~Iod O I ~ndut atl~
~o uot~aa.ttp au~ o~ .relnotpuadiad pug iall~red s~uauoduroa plag tl~tnn
`I~at~dtlla st i OS luautala ~ua~uu3attq auk ~ut~txa ~u~t1 puuq-pt?o.tq ~o
uot~nzt.relod ati~ `lu.taua~ ui IOS luauzala ~ua~uu~a.ttq ati~ ~0 ltxa atl~
m uot~npa~~a.t ast;ud ~ an~u sanenn onn~ ate ~l~ua~~uz auk tl~no.tu~ s
sat~taolan asi?ud aua.za~3tp ~i? lan~.ta uotqn~ `sannnn apn~tldutt? IEnba
on~a out papintp st ~ndut atl~ ~stx~ x ay1 0~ laadsa.~ ul..t~ ~S fi ~q
paluauo si 1 pS luama~a ~ua~mala.ttq paxy auk 3o stxn audo auk aautS ~srxt?
x ay auolt' pa~uat.to SOS pun ~pc s.~aztx~lod a~apl ~unaa~aa ultn~ `stx~ z
aq~ o~ l~uz~ou a.~~ ~pc pug ZOS s~~sJ pug i OS luauzala lua~utalamq ~o
saa~~ aq~, ~stx~ z aq~ ~uol~ -ZT   -13crossed retlectmg linear polarizers
606 and 607. and the F LC cells 603. 60~. and 60~ are in the second stage
6l0. bounded by the parallel rellecung Imcar polanzers 607 and 608. The
filter 600 is designed to selecnvelv transmo three v~siblc colors (red.
green and blue), and is capable of rapid color switching to generate a
visual display of a continuous range of visible s colors. The color shutter
600 provides FLC cell color blocking filters that include the reflecting
linear polarizers b06, 607, 608 in accordance with an embodiment of the
invention. Three independent two-stage birefringent filter designs in the
filter 600 are electronically selectable. The five FLC cells each have a
selected liquid crystal thickness. The arrows on the FLC cells 60l-605 at
the angles (a~-a5) represent the orientation of the optic axes of the 



FLC cells relative to the input polarizes 606. These angles can be either 0
or ~c/4, depending on the switching states of the FLC cells 601-605. The
transmission of the filter 600 is the product of the transmission spectra
of the individual stages. Multiple independently 1 s switchable FLC cells
can produce multiple transmission spectra. Figure 11 is based on a color
shutter described in U.S. Patent No. a619,355, 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 2o 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
polarizes replaced by a reflecting linear polarizes and preferably includes
a clean up absorptive linear polarizes, as discussed above.   ui 'stx~-~C
atl~ ~uol~ pa~uatao ~ti~tl pazuufod ~ifa~aml aanpoad o~ pasn aq uua `aasnl
t? se cans `aa.tnos ltl~ti paztaufod reautl a `aanamoH '(ZOL aaztaefod auk
~u sassoi ~uyaai~au) ~la.znua s1t ut pa~tmsu~aa st ZpL aaztrelod at~~ ~o
stxu aq~ ~uolu paztrelod iu~y ' OL ~'Id o; paldnoa pine palltwsuntl st Z0G
aazmulod reautl ~utaaa~aa auk o~ fafl>?red ~u~tl paztrelod 30 ~uauodutoa oz
ate, yu~tl paztrelodun ao ~u~y paztrelod qym alquaado st i OL ua~tms
ssaupaput;u aq,~ ~pa~Coldwa aq u~a tla~tms ssaupaptreq au1 ~0 luawtpoqwa
~u~ `00L aa~~nqs aoioa aq~ ui SS'6I9`S 'oI~I ';~d 'S'fl pauonuauzaao3~ aql
ui paqiaasap st? `saa~~nqs aoioa 3o s~uauztpoqu.ta um~taa m `as.tanaa ut
pa1>?aado aq osl~ u~a i 0L qa~tms ssaupapunti atl~, 'uot~~zta~iod a~inaam
papu~tl-~u~u o~ pa~u~tla st ~u~tl and~no ~o uot~~zt.relod ~q~ti auk `~/u-
~>? pa~uatao ~utaq OL a~~id an~m-aa~.t~nb ~~d aqa and 'uounztreiod reinaata
papu~u-~aI o~ pa~aanuoa st uot~~ztr~iod ~u~y atla `~/u ~u pa~uatao ~maq OL
a~uId anEm-aa~.t~nb ~~,~ auk ao3 'ZOL aaztaEiod auk rCq pamwsu~a~ st
(sixu-~C auk o~ jajln.~d `~an) Z0G aazt.rejod aul3o stxn au~ o~ jaij~a~d
uon~ztat?iod ultra Z0G aazui?Iod reautl ~uyaa~aa aq~ uo luaptaut lu~tl
pazta~Iodun ~o ~uauodwoa auk p ZOL aaztrelod reautl ~utaaa~aa aui ~o stxt;
aq1 0~ ~aadsaa upm b/u- puu ~/u uaam~aq pauayms ~ii~at~dooa~aaia aq u~a 0L
Ifaa ~'I~ au13o uonu~uauo auk `i i aan~t3 0~ ~uuta~a~ ~saapau~aa punodwoa
~tq paa~Idaa aq u~a sa~~id an~m amss>;d puE ant~a~ au~ `s~uauztpoqwa aat~~o
ui ~s~uampoquta utu~taa ut `p~alsm pasn aq uua (umous you) aapau~aa anem
aa~nb amss~d ~ o~ paldnoa ~CIInaydo a~i?Id anum ~I>=t~ ~~3 ud ' 0L a~uld
aaprelaa an>;m-aaui?nb ~~.~ ut? u~tm paidnoa ,1II>?audo ZOL aaztat?fod
a~aml ~uuaai;aa ~o ~u~~srsuo~ IOL Lla~tn'~s ssaupapu~u ii?~s~C.m pmbtl
anaauzs t? sapnlaul ppL aa~~nqs aofoa aq~   -15this case, the linear
polarizing means may be incorporated in the light source, and the 



polarizer 702 can be omitted. The handedness switch 701 is used with
devices sensitive to the handedness of the 5 polarization of the incident
light, for example, in the color shutter 700. These handedness sensitive
devices can be one or more cholesteric liquid crystal circular polarizers
(CCPs). CCPs reflect one handedness of light within a wavelength band, but
transmit light outside of the reflection band, as well as light of the
opposite handedness. t o Referring to Figure 11, the color shutter 700 is a
two-color filter, which provides two primary colors in transmission and two
colors complementary to the primary colors in reflection. Following the
handedness switch 701, the shutter 700 includes left-handed CCPs 704, 705
and right-handed CCPs 706, 707. One right- and one left-handed CCP have the
same reflection band and the other two have different reflection bands. ~5
Figures 12-16 are based on color shutters described in U.S. Patent No.
a347,378, 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 2o
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   'and~no atll 1~ ~~tand aoloa au1 aseaaaut ~CI~t?aa~ of san.tas
oslu L06 aazta>?Iod auautl ~ut~aa~aa atl,L 'au~Id auaus aua m pazta~Iod aau
saoioa ~ndlno ati~ III t>?q~ aansua o~ L06 aazta>?Iod a~autl ~ut~aa~aa pug
906 Ilaa ~'I3SS (f~uot~do) patt~t >; put; `aoloa a~t;aaua~ o~ S06 `~06 `~06
saazt.~Iod atoatiaoaid aaaq~ put; Z06 `l06 silaa ~'I3SS om~ s~Coiduta p06
aa~It3 atiZ '006 aa~Itd ant~aaias-aoioa aazta~Iod atonlaoaid ~~3SS-aaatt~ a
~o aatuan.t~s atl~ smous ~ i aan~t3 'saoioa mud ant~tppt? auk ~o saut>;a3
I~lluanbas-auzt~ ut aoioa ~a~tqa~ u~ a~t?aaua~ pinom uza~s~s oapm
Ii?i~uanbas-aut~a3 ~ `sas~a q~oq uI 'ant~tpp~ st tlaitim `aoloa ~utud
~ut~Insaa ~ anti 01 aau~a~o~ paqaltms aq ~snw sllaa I~ts~a pmbtl om~ pu>;
antla>;a~qns aat? saoloo ~ia>?~uud atl~ as~a aa~~I ati~ ui 'aoloa
~C.reuziad ~ ~iursu~a~ oa auai~ uani~ a ~~ paqa~ims st Ilaa I>;~s~faa pmbtl
S 1 auo ~Cluo pu>; ant~tpp~ aa>? saoioa ~.reuzud at~~ as~a aauuo~ aq~ uI
'~Clant~aadsaa `~tiBtl moIIa~C pug `t?~ua~~uz `u~e~Ca `ao `~Clant~aadsaa
`~tl~tl anlq ptre `uaaa~ `paa ~tuzsu~a~ u>;a sllaa I>?~s~Caa pmbtl aa.ttl~
atl~ os uasoqa aa>; sa~Cp ate, 'patlddu st pia3 ata~aala ut? uaqm
sainaalout ~sotl It?~s~C.ta ptnbtl auk trim ~uol~ 006 u~noatil patia~tms aq
u~a puu sainaaiouz ~sotl I~~s~taa pmbtl atl~ o~ IaII~a~d sanlasuzatl~ luauo
sainaaiout a~Cp ~san~ atlZ 'stxe stqa o~ a~Inatpuadaad paztaulod p 



~ti~tl ao~ pa~tuasu>?a~ aa~ sul~uaian~m IId 'ainaaiout a~Cp ati~ ~o stx>?
~uol ati; o; IaIIua>;d pazttulod st ~~tl~ uot~aa u~~uaianenn uant~ >; ~o
~u~tl q.zosq>; ~Clanuaalas .zati~a~o~ uaiqm `sap atoatlaoaid aaouz ao auo
tllim padop st 08 `Z08 `I08 Ilaa ~ta~a ut I>?ls~Ga pmbtl at~,~ 'pua aau~ta
utoa~ pa~~utuznllt aq ~C~uz 00g aa~Ig atlZ '608 ~~Idstp oaptn autoatlaouout
~ ~Cq pamollo~ aq uua sttl,L 'uot;uanut auk ~o ~uau.ttpoquza u>? tillm
aaut?paoaa>? m `Iuat~tan aauaaa~aa aqI o~ IaIIt?at?d s SIXL Ski trim `08
`Z08 `i08 sllaa ~WSS3o a~tsoduzoa au~~o pua auo of tuaa>?fpt? paa>?Id st
gOg aaztaulod a~au~I ~uyaa0aa ~. ',c,0g `Z08 ' I08 Ilaa ~~I3SS ua~a uati.~s
.lltuapuadapul u>?a uanlm `L08 s~aut ~utntap I~ata~aala ut' of 908 'S08
sapoalaala ~um~~ ~o saas laauuoa spt?a~ 'Inayan aauaaa~aa t? o~ IaII~a>;d
uot~aaalp luautu~tln s1t utrn ~ patuauo si ~0g 'Z08 ` I 08 sl Iaa l~~s~a
-9T   -17The t7lter 900 can be divided into three stages followed by the
reflecting linear polarizes 907 and can work mth a monochrome video display
908. Each stage consists of the primary color pleochroic polarizes (i.e..
903. 904, or 905) followed by a 45 switching angle SSFLC device (i.e., 90l
, 902, or 906), as shown in Figure 13. The color generating part of the
filter 5 consists of the pleochroic polarizes (blue-green) 903 and the_
pleochroic polarizes (red-green) 904, with the two SSFLC cells 901, 902 in
between: Blue-green means, for instance, that blue and green are polarized
along the same axis, and red light is unpolarized. The first SSFLC cell 901
is adjacent the blue-green polarizes 903 and the second SSFLC cell 902 is
adjacent the red-green polarizes 904, with the third blue-red pleochroic
polarizes 905 between the first and second cells 901 and 902. The axes of
the end pleochroic polarizers 903 and 904 are oriented parallel to a
reference vertical, while the middle pleochroic polarizes 905 has its axis
in the orthogonal direction. The SSFLC devices are oriented with one of
their optic axis directions parallel to the reference vertical, with the
switching sense to the other optic axis direction being arbitrary. When
both SSFLC cells 90l, 902 are in the vertical state, the filter 15 900
transmits blue light, which is horizontally polarized. When the first SSFLC
cell 901 is 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 a11 colors. 2o The optional third SSFLC cell 906, oriented in
the same way as the first two, can be placed adjacent to the pleochroic
polarizes 904, followed by the (color-neutral) reflecting linear polarizes
907 with its axis again oriented parallel to the reference vertical. The
third   



-18SSFLC cell 906 is left vertical for the green and red filter states, but
is switched to its other state for the blue-transmttung filter state.
Adding the third SSFLC cell 906 enables the filter 900 to have a11 of its
primary color states have the same output polarization. This is
advantageous, for example. if the filter 900 is used in conjunction with a
liquid crystal display 5 that is polarization sensitive. The neutral
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. f0 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 I 4, the 1-stage filter I 000 consists of a
birefringent element ~5 100l, two SSFLC devices l002, 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 100l is situated between the
two SSFLC devices l002, 1003, and all three elements together are situated
between the parallel reflecting linear polarizers 1004, 1005. The
reflecting linear polarizers 1004, 1005 have their 2o 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,
l003 contain a 45 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 l -stage filter 1100, is a special
case of   ~uiua~~nns oS~ ~ sui~~uoa ~OZI `OZI aainap ~'1,~SS uau~ 'uonaaaip
stul o~ oS~ ~~ paiuauo si ZOZ I ` I OZ I sluamala ~ua~uu3aa~q au~ ;o ua~a
3o six ai~do auk pug `I~muan aauaaa3aa ~ o~ Iail~.~d pa~uatao saxe ataul
an~q LOZ I `90Z I ' SOZ I saazta~Iod a~aml ~uyaaPaa add ~ Z I Z I a~~ls
puoaas aq~ ao3 aazcrelod ~sat3 aq~ s~ sanaas osl~ i I Z l a$~~s 1sa ~ aq1
~0 90Z i aazu~Iod puoaas aq,l, ~(rClanyaadsaa `LOZ I `90Z I saaztrelod aq~
uaann~aq puu gOZ I `SOZ I saazta~Iod aq~ uaann~aq oZ `~an) aaz~aeiod
.reauii ~uyaa~aa aq1 uaannaaq pa~~nys ~maq aaq;a~o~ (saainap ~~,~ss aq~ ~o
auo pug s~uauzaia ~ua~uu~aaiq auk 3o auo `~an) s~uauzaia qaoq u~inn
(~uuuoduzmn ~maq aapao aq~) t~OZ I `OZ I catnap ~'I3SS au~ 01 ~uaa~ fps
paa~Id st ZOZ I ` l OZ I ~uauzaia ~ua~ma~aaiq aq~ `00Z I aa~Iy a~~as-Z auk
~o Z I Z I ` I I Z I a~~as ua~a uI ~papniaui osl~ aa~ aae3ans ~uyaa~aa ~
ao/pu~ `00I I `000I saa~Ii3 a~~~s- I aqa o~ aauaaa~aa ui paqiaasap se `(g 1
am~i~ ui uMOqs) gpZ 1 u~a~s~Cs 



aa~h3 paaoloa ~ `s~uaunpoquza um~zaa ao3 ~(unnoqs you) ~uauzaia aasn~~ip
I~uondo uu puu `LOZ I `90Z I `SOZ I saazia~iod a~autl ~ut~aaPaa aaatll `~pZ
I `OZ I saainap ~~3SS o^n~ `ZOZ I ` I OZ I s~uauzaia ~ua~uu~amq onnl 3o
slstsuoa g I aan~y uc urnoqs 00Z i aa~Ii.~ a~~~s-Z auZ '8L`L~`S 'oI~I '~~d
'S'fl pauoiluauzaao~~ aq~ m papnlau~ aa~ p OOI .I P~ 000I saa~I~ au~~o
uoy~aado auk uo slrelap aao~ ~si puu ~i sam~y auk m unnous s~ `S001
aazu~Iod .~aml ~unaa~aa a~~ aao~aq `~ndui auk ~~ ~mpniam `001I `000l ~als~s
aa~ly aoloa-anyaalas aua ~o u~~d auk m aaaunnr~u~ paa~Id aq u~a Z I i,
aa~iy ~ uanS yu8i1 ~aloin ~o uoissmzsu~a~ s~aolq s~C~nnl~ ~~~; aa~Iy amss~d
~ ~Cq palaa~~a aq ~~ux I~nouzaa `su~~ualan~nn ~alom alquuoyaafqo sure~uoa
~u~il ~ndm au~ ~l `S i pug ~1 saan~y oa ~uuaa~a~ IOOI mauzala atll s~ uans
`luau~ala lua~uyiaatq ou si aaaua ~daaxa `000l aa~ll~ a~;~ ao3 paqlaasap s~
~lla~xa pa~ana~suoa si 00 l I aa~l 3 aa~~s- i au.L ~ t~ I aan~ y m un~ous
p001 aall?3 a~~ls- I atll -6T   -20angle FLC and is oriented in either of
two ways: the first way allows the optic axis of the demce to be ~mtched
between the polarizes ( 120. 1206, 1207) axis direction and a direction
parallel to the optic axis of the birefringent element l201, 1202; the
second way allows the same optic axis to be switched between the polarizes
( 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 transmissive
mode. For operation in the reflective mode, a reflective surface is placed
at one end of the 2-stage filter l200 adjacent to the reflecting linear
polarizes (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 l 208 to improve the color saturation while others do
not. ~5 Figures 17A, 17B and 17C show color shutters l300, 1400, and 1500,
respectively. The shutters l300, 1400, 1500 are other variations of
two-color shutters that use a linear polarizes. The linear polarizes is a
reflecting linear polarizes, in accordance with embodiments of the
invention, preferably with a clean-up absorptive linear polarizes. 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 LC 1 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   -21allowed to pass at all polarizers l 304. 1306 (in
Figure 17A), l 404 (in Figure 17B), and 1 ~ 10 and l51? (m Figure l7Cj
other than the linear polanzers, allowing green and blue light to be
switched. The detailed operation of the various special polarizers 1304.
1306, 1404, 1 ~ 10, and 15I2 is indicated in legends to their respective
Figures 17A, 17B, and 17C. 5 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 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.   22 What is claimed is: 1 An apparatus
comprising. a liquid crystal color shutter that filters color components of
light, the liquid crystal color shutter including a reflecting polarizes
adapted to pass first s 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 polarizes comprises a o
reflecting linear polarizes. 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 polarizes. 5. The
apparatus of claim 1, wherein the reflecting polarizes comprises an a o
entrance pofarizer and the color shutter further comprises an exit
reflecting polarizes. 6. The apparatus of claim 5, wherein the exit
reflecting polarizes comprises a clean-up polarizes. . . .. . . ,, _, . .
,~ ~ . . . ,  



23 7 The apparatus of claim 1. wherein the reflecting polanzer comprises
multilayer optical film 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 polarizes comprises a substantially nonabsorbing
reflecting polarizes. 0 10. The apparatus of claim 1, wherein the color
shutter is adapted to receive light from a light source and the reflecting
polarizes comprises a reflecting polarizes 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 polarizes comprises
a reflecting polarizes adapted to reflect light through the color shutter
to distribute thermal energy. a o 12. The apparatus of claim 1, wherein the
reflecting polarizes comprises a reflecting polarizes adapted to reflect
light of the other polarizations back through the color shutter. ~, . ~ `";
) !:' ~ .-. ~ c= i   24 13. The apparatus of claim 1, wherein the color
shutter is comprised in a tunable optical filter. 14. The apparatus of
claim 1, wherein the color shutter further comprises 5 stages including a
reflecting polarizes 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 polarizes 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 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 color
shutter further comprises a 2o 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 ,_-, , . ; ..._ , _  S. ` `f` y
.1   25 19. The color shutter of claim 16, wherein the reflecting polarizes
comprises a reflecting linear polarizes 20. The color shutter of claim 16,
wherein the reflecting polarizes comprises 5 multilayer optical film 21.
The color shutter of claim 16, wherein the active retarder comprises
ferroelectric liquid crystals. 



0 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 polarizes 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 polarizes comprises a
nonabsorbing polarizes. il _ ., :,.'.. _   26 26 The color shutter of claim
16. wherein the reflecting polarizes comprises a substantially nonabsorbing
polarizes 27. The color shutter of claim 16, further comprising a clean-up
polarizes s adapted to work with the reflecting polarizes. 28. The color
shutter of claim 27, wherein the clean-up polarizes comprises an absorptive
linear polarizes. 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 polarizes and the
active ~s 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; ao a reflecting polarizes 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. . ._. , al ;..~ __,. - , . .;-.t_-_ . ___i~   27 32 The projection
system of claim 16, wherein the reflecting polanzer comprises multiplayer
optical film 33. A projection system comprising: 



s a light source configured to provide light having color components; a
reflecting polanzer that passes-#irst 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 o 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. is 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
ao projection screen. . . . - ~f,   28 37 The projection system of claim
34, further comprising folded optics adapted to pass the image to the
screen 38. The projection system of claim 33, wherein the light source, the
color s shutter, the reflecting polarizes, and the images are comprised in
a computer monitor. - - --  39. The projection system of claim 33, wherein
the light source, the color shutter. the reflecting polarizes, and the
images are comprised in a o television system. 40. The projection system of
claim 33, further comprising a clean-up polarizes adapted to work with the
reflecting polarizes. 15 41. The projection system of claim 33, wherein the
reflecting polarizes comprises a reflecting linear polarizes. 42. The
projection system of claim 33, further comprising a plurality of reflecting
polarizers adapted to work with the reflecting polarizes. 20 43. The
projection system of claim 33, wherein the reflecting polarizes is adapted
to reflect light back to the light source to be reused by the light source.
_ ;, n ~ I . r il '. n .~ ,, w ~.~.~ I.   29 44 The projection system of
claim 33, wherein the reflecting polarizes comprises multilayer optical
film. 45. The projection system of claim 33, wherein the light source, the
color s shutter, the reflecting polarizes and the images comprise part of a
field sequential color display s~rstem. -  46. A method comprising the
steps of: providing light having color components to a reflecting
polarizes; transmitting first color components of light having a first
polarization through the reflecting polarizes; reflecting a majority of
second color components of light having a second polarization that is
different than the first polarization from the reflecting polarizes; and i5
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
polarizes. 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. ~;:' =s~ t
30 50. The method of claim 46, wherein the reflecting comprises reflecting
the second portion back through the color shutter for distributing thermal
energy. s 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. - . .. _ ._ ~ , ., . . ,- .- ' cv' '
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