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F 2002 -2However, the color wheel is not a preferred solution in many
cases, because of the physical sips 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 to 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 ~ s 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 images, sequential projection
display system. 20 The invention relates to providing a reflective
polarizes 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   uouaafoad put? ~o~aafoid auk ul pasn
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~~~J L    - 1 ~%~ 2002 systems of Figures 1, 2 and 3; and r4 Figures 17A,
17B and 17C are illustrations of two-color shutters in accordance with
embodiments of the invention. 5 While the invention is susceptible to
various modifications and alternative forms, specific embodiments thereof
have been shown by way of example in the drawings and are herein described
in detail. It should be understood, however, that the description herein of
specific embodiments is not intended to limit the invention to the
particular forms disclosed, t o but on the contrary, the intention is to
cover a11 modifications, equivalents, and alternatives falling within the
spirit and scope of the invention as defined by the appended claims. 



Illustrative embodiments of the invention are described below. In the
interest of ~ 5 clarity, not a11 features of an actual implementation are
described in this specification. It will of course be appreciated that in
the development of any such actual embodiment, numerous
implementation-specific decisions must be made to achieve the 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 2o 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
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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 t o quarter-wave
plate 305, which functions as an ellipticity analyzer. The achromatic
quarter wave plate gives a retardation of ~/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 15 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 (P1 P4) 401, 402, 403, and 404, seven FLC
waveplates (LC 1-LC 7) 405, 406, 407, 408, 409, 410, and 411, and three
birefringent elements (B 1-B3) 4l2, 413, and 414. The four reflecting
linear polarizers 401, 402, 403, and 404 are a11 parallel. The three fixed
birefringent elements 405, 406, and 407, one in each stage, retard light at
the design wavelength by one wave, two   - 1 APf'? 2002 -iowaves, and four
waves, respectively. In the unswitched state of the filter 400, the optic
axes of each of the FLCs in a stage of the filter 400 are parallel to the
plane of polarization of light entering that stage. The transmission
spectrum of the filter 400 in the unswitched state depends on the combined
retardation of the birefringent elements 412, 413, 414. The FLCs 5 of the
filter 400 can be 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 10 linear polarizes (e.g., 202, 303, 40l ), 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 t s the
system. Otherwise the energy can be absorbed by other elements better
suited to the task than the color shutter. The clean-up absorptive
polarizes would not be required in this embodiment; however, because the
preferred reflecting linear polarizing material DBEF (or MOF) may not be a
perfect polarizes, the clean-up polarizes is preferably included for
improved results. The clean-up absorptive polarizes 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 polarizes does
not substantially have the problems of the prior art. Any absorptive linear
polarizers in the color shutter after the first polarizes can be replaced
(e.g., with polarizers 203, 304, 404), in accordance with embodiments of
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2002 -12along the z axis. The faces of birefringent element 501 and CSLCs
Q02 and 503 are normal to the z axis, with reflecting linear polarizers 504
and 505 oriented along the x axis. Since the optic axis of the fixed
birefringent element 501 is oriented by 45 with respect to the x axis, the
input is divided into two equal amplitude waves, which travel at different
phase velocities 5 through the material. The two waves have a phase
retardation at the exit of the birefringent element 501. In general, the
polarization of broad-band light exiting the birefringent element 501 is
elliptical, with field components parallel and perpendicular to the
direction of the input polarization. The field exiting the birefringent
element 501 is incident on achromatic quarter waveplate 506, which
functions as an ellipticity analyzer. This element gives a retardation of
n/2, independent of wavelength, bringing the quadrature field components
into phase. Therefore, the achromatic quarter-waveplate 506 converts
elliptical polarizations into linear polarizations with
wavelength-dependent orientation. Since the two components are in phase, 15
this represents a linearly polarized field oriented at an angle. Tuning is
accomplished by simply following the achromatic quarter-waveplate 506
(i.e., after the CSLCs 502, 503) with the rotatable exit linear reflecting
polarizer 505, which selects the desired wavelength. The 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  



- 1 A r' ~' 2002 -13crossed reflecting linear polarizers 606 and 607, and
the FLC cells 603, 604, and 605 are in the second stage 610, bounded by the
parallel reflecting linear polarizers 607 and 608. The filter 600 is
designed to selectively transmit three visible colors (red, green and
blue), and is capable of rapid color switching to generate a visual display
of a continuous range of visible 5 colors. The color shutter 600 provides
FLC cell color blocking filters that include the reflecting linear
polarizers 606, 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 601-605 at the angles
(a,-a5) represent the orientation of the optic axes of the FLC cells
relative to the input polarizer 606. These angles can be either 0 or n/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 ~ 5 switchable FLC cells
can produce multiple transmission spectra. Figure 11 is based on a color
shutter described in U.S. Patent No. 5,619,355, issued April 8, 1997 and
entitled "Liquid Crystal Handedness Switch and Color Filter," which is
incorporated by reference herein in its entirety. The patent provides a
detailed description of 20 the basic color shutter or filter operation.
Figure 11 shows a color shutter 700, which is a reflection mode two-color
filter employing a liquid crystal handedness switch, that has an absorptive
polarizes replaced by a reflecting linear polarizes and preferably includes
a clean up absorptive linear polarizes, as discussed above.   ui ~stx~-~C
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I~~s~a -9T i ~~   - 1 ~'~ i~ r 2UU2 -17The filter 900 can be divided into
three stages followed by the reflecting linear polarizes 907 and can work
with 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., 901, 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 90l 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 901,
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. 20
The optional third SSFLC cell 906, oriented in the same way as the first
two, can be placed adjacent to the pleochroic poiarizer 904, followed by
the (color-neutral) reflecting linear polarizes 907 with its axis again
oriented parallel to the reference vertical. The third   1 A~'~ 2002
-1$SSFLC cell 906 is left vertical for the green and red filter states, but
is switched to its other 



state for the blue-transmitting filter state. Adding the third SSFLC cell
906 enables the filter 900 to have all 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. 10
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 l000, 1100, and 1200, respectively. In
Figure 14, the 1-stage filter 1000 consists of a birefringent element 15
l001, two SSFLC devices 1002, 1003, two reflecting linear polarizers 1004,
1005, an optional set of one or more colored filters 1006, an optional
diffuser element (not shown), and a reflective surface (not shown). The
birefringent element 1001 is situated between the two SSFLC devices 1002,
1003, and a11 three elements together are situated between the parallel
reflecting linear polarizers 1004, 1005. The reflecting linear polarizers
1004, 1005 have their 20 axes oriented parallel to a reference vertical and
the optic axis of the birefringent element 1001 is oriented at 45 to this
direction. The SSFLC devices 1002, 1003 contain a 45 switching angle FLC
and are oriented so that their optic axes may be switched parallel to the
optic axis of the birefringent element 100l , or parallel to the axes of
the reflecting linear polarizers 1004, 1005. Figure 15, which illustrates
the 1-stage filter 1100, is a special case of   - ~ ~ :,, ~; zooz -19the
1-stage filter 1000 shown in Figure 14. The 1-stage filter 1100 is
constructed exactly as described for the filter 1000, except there is no
birefringent element, such as the element 1001. s 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 polarizes 1005, as shown in the Figures 14 and
15. More details on the operation of the filters 1000 and 1100 1o 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, l202,
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 t 5 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, l204 (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 polarizes (i.e., 20 between the polarizers 1205, 1206 and between
the polarizers 1206, 1207, respectively). The second polarizes 1206 of the
first stage 1211 also serves as the first polarizes for the second stage
12l2. The reflecting linear polarizers 1205, 1206, l207 have their axes
oriented parallel to a reference vertical, and the optic axis of each of
the birefringent elements 1201, l202 is oriented at 45 to this direction.
Each SSFLC device 1203, l204 contains a 45 switching   - 1 ~1~'ri 2002
-20angle FLC and is oriented in either of two ways: the first way allows
the optic axis of the device to be switched between the polarizes ( 120a
1206, 1207) axis direction and a direction parallel to the optic axis of
the birefringent element 120l, 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 I o 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 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 1208 to improve
the color saturation while others do not. I5 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
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 l500 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   - 1 A ~' ~ 2U02
-21allowed to pass at all polarizers 1304, 1306 (in Figure 17A), 1404 (in
Figure 17B), and 1510 and 1 S 12 (in Figure 17C) other than the linear
polarizers, allowing green and blue light to be 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.
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 1o 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 a11 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.   -1 ~~~r~ 2ooz 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 ao entrance polarizes 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. I
~u~A'~~~~ y.. r:W~..,rt.'~e=: x~cr~~~.-,:_ ~. ~ _...i.. ~.~...... _.
w_..s... m=w.:-~ ~ : ^_u . _=; 1_-.~......... _ .... fau...a_ _...~.. .;_..
.. . ~....". ..... _ ,...~.~...au. .~ , ._ ` ~ ~--~- _. . _ .... ..   1 A
i' ~ c002 23 7. The apparatus of claim 1, wherein the reflecting polarizer
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 polarizer comprises a substantially nonabsorbing
reflecting polarizer. 0 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. ao 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.   - 1
A(='~~ 2002 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
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 ~5 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 ~t;:7P~Y~11`J.Y. "J'^.~41;
:i"~~r_'^-~~q,.:*._._...m_w,  i ~~4~~~~~~",'~~w~~~v~~W   - 1 ~P~~ 2Q02 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. __
~~~._._.__ . ~f~~ n ~ ~.-~ ~ ~::: ~. n ::: ~ ~:~.~:~ ~I   - ~ ~~e, zooz 



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 5 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 ~5 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; 2o
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. .i..v IN~Y:.:y icut^^^~~.
~'a!ye:=-~ww_u n~a~ ::~~e~==~=^.==~".s^,. j ;p~~~m~~~~~ ~-~~~y __   - ~
~~~a ~aoZ 27 32. The projection system of claim 16, wherein the reflecting
polarizes comprises multiplayer optical film. 33. A projection system
comprising: 5 a light source configured to provide light having color
components; a reflecting polarizes that passes first color components of
1+g-ht 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 images 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 a o projection screen. .. ~a"., ,.~,... _ _
..:.~...~<,_.., il ~ .. -.   - 1 Af'''r; ~UUG 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 



shutter, the reflecting polarizer, and the imager are comprised in a
computer monitor.  39. The projection system of claim 33, wherein the light
source, the color shutter. the reflecting polarizer, and the imager are
comprised in a o 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.
..`1.~_`.'.':_.'.'~."= _'~lri^e4Vy~~F_-s.~.O_ :,L:~^_ ~= =~= 7-ST`:~ I~
~~'~~w~~~~~. ~-~~=~ 1.   - 1 .r~~ ~ 2002 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 5 shutter, the reflecting polarizes and the images comprise part of a
field sequential color display system.  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. ".r ._...~:~ -~:a =~~,.r..~.._.H
.. ...... __, I   - ~ r,.=' ~: 2002 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 te-a light source for reuse of the light energy.
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