WO 02/ 08829 PCT/ US01/ 22286 Electronic Projector wth Equal -Length Col or
Conmponent Paths 5 Field of the Invention The present invention relates to
col or el axopwoNse9 (e.g., LCD) projectors and, in particul RET/US@/2e85h a
projector that includes equal-length color conmponent paths and a separate
projection | ens assenbly for each. Background and Summary of the Invention
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Fig. 1 is a schematic diagram of a prior art multi-path reflective

color liquid crystal display projection system 10 that utilizes color separating
mirrors 12R, 12BG, and 12G in combination with polarization selective
polarizing beam splitters 14R, 14G, and 14B and reflective liquid crystal

20 displays 16R, 16G, and 16B.

Projection system 10 includes a light source 18 that directs white
light through a polarizer (or polarization converter) 20 that provides polarized
light to a pair of crossed dichroic mirrors 12R and 12BG. Dichroic mirror 12R
reflects red light components along a red optical path 22R that is folded by an

25 achromatic fold mirror 24R. Green and blue light passes through mirror 12R.
Mirror 12BG reflects blue and green light components along a blue-green
optical path 22BG that is folded by an achromatic fold mirror 24BG. Red light
passes through mirror 12BG. Mirror 12G reflects green light components along
a green optical path 22G and allows the blue light components to propagate

30 along a blue optical path 22B. As a result, mirrors 12R, 12BG, and 12G
cooperate to separate polarized red, green and blue light components and

deliver them to polarizing beam splitters 14R, 14G, and 14B. The color
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voltage applied to the pixel. For example when no control voltage is applied
(i.e., the pixel is in its relaxed state), the pixel imparts maximum (i.e., a quarter

20 wave) phase retardation that results in a polarization rotation for suitably
aligned polarized light. Each pixel imparts decreasing polarization rotation with
increasing control voltage magnitudes until the pixel imparts no rotation (i.e.,
the pixel is isotropic).

In the relaxed state of a pixel, the polarization state is reversed

25  when the light is reflected, so that the S-polarized light becomes P-polarized
light. The P-polarized light then passes through the dielectric film of the
polarizing beam splitter toward a crossed-combining prism 26 (also known as
an X-cube) to be incorporated into the display image. With non-zero control
voltages, the pixel reflects the light with corresponding proportions of P- and S-

30 polarizations. Control voltages of greater magnitudes in this example cause
greater portions of the light to be reflected with S-polarization, with all the

reflected light having S-polarization at the greatest control voltage. The portion



reflected light having S-polarization at the greatest control voltage. The
portion -2 WD 02/08829 PCT/USOL/ 22286 of the light with S-polarization is
refl ect edv®y2/04829 di el ectric filnms in polarizing beam splPCT/®s61/22486back
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Al'so, sepps at @npitRin8ChldPnad @ﬂmﬁsm&%perfé&@,fofHQQn@géimitaébmpbh@ntismage errors
and artifacts that can be introduced by X- cube 26. To achi eve such
resul ts, howeRaticulpr sHel imraifesjienerarseisenmiiasastghintersection region 29

where the X-cube components meet. Such imperfections are significant
because they affect the central, most discernible region of an image.
FIG. 2 shows another prior light valve image projection system 30

20 as described in U.S. Patent No. 5,327,270 of Miyatake. Projection system 30
includes three reflective liquid crystal panels 32A, 32B, and 32C that have
corresponding polarizing beam splitters 34A, 34B, 34C, quarter wave plates
36A, 36B, 36C, and projection lenses 40A, 40B, 40C, respectively. Dichroic
mirrors 42A, 42B, 42C color separate the light from a light source 44.

25 Color separation by successive dichroic mirrors 42A, 42B, 42C
eliminates image errors and artifacts that can be introduced by crossed mirrors
12R, 12BG in projection system 10. Also, separate projection lenses 40A,
40B, 40C eliminate the image errors and artifacts that can be introduced by X-
cube 26. To achieve such results, however, projection system 30 employs an

30 in-line arrangement that is bulky and creates optical paths of different lengths
for the different color components. The in-line arrangement of projection

lenses 40A, 40B, 40C creates relatively large separations between them,



30 in-line arrangenment that is bulky and creates optical paths of different
|l engths for the different col or conponents. The in-line arrangenent of
proj ecti ovO ot/essses 40A, 40B, 40C creates rel atively | ar gePEBpaIZ228NSs
between them -3 WD 02/08829 PCT/US01/22286 thereby inposing relatively

| ar ge convergence angles that can introduce color conponent m salignnents
at the display screen. Mreover, different path | engths are di sadvant ageous
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field with i nprasitadon, ﬁp(fl’b@.ﬁﬁ:lﬂlgwd crystal display, and an associated projection lens
assembly. The red and blue color components of light are each folded again to

propagate parallel with the green color component toward a pixelated
electronic light modulator, such as a liquid crystal display, and an associated
20 projection lens assembly. The separate projection lens assemblies are
arranged in a non-linear, close-packed arrangement to receive the color
components of light.
The equal lengths of the color component optical paths allow
uniform magnifications of the 'illumination pattern' onto each of the three color
25 channels. As a result, the color channels receive illumination patierns with
generally the same intensity uniformity profiles and in superposition provide a
white field with improved uniformity.
In addition, the non-linear, close-packed arrangement of the
projection lens assemblies create minimal separations between them, thereby
30  minimizing convergence angles and color component misalignments at the
display screen. For example, projection lenses have imperfections in light

transmission, especially vignetting or so-called relative illumination deviations,



In addition, the non-linear, close-packed arrangenent of the projection

| ens assenblies create m ninal separations between them thereby 30
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schematic di agram of azqifidial 8bjectdltndiacRahiagbs bt Betdrdsent Gileation Wiled
crystal display projection system Fig. 2 is a schematic di ataram of anot her
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Fig. 8 is a diagrammatic top view of a reflective color electronic

15  projection system with multiple equal-length color component light paths
according to the present invention.
Fig. 4 is a diagrammatic side view of the projection system of Fig.

Fig. 5 is a diagrammatic side view of a rear projection display the
20 projection system of Fig. 3.

Fig. 6 is a diagrammatic rear view of a transmissive color electronic
projection system with multiple equal-length color component light paths
according to the present invention.

Fig. 7 is a diagrammatic side view illustrating a portion of the

25  projection system of Fig. 6.

Fig. 8 is a diagrammatic top view of a transmissive color electronic

projection system with multiple equal-length color component light paths.

Detailed Description of Preferred Embodiments

Fig. 3 is a diagrammatic top view of a reflective color electronic
30 (e.g., liquid crystal display) projection system 50 with multiple equal-length
color component light paths 52R, 52G, and 52B according to the present
invention. A generally white light source 54 (e.g., a metal halide arc lamp and



Fig. 8 is a diagrammatic top view of a transm ssive color electronic
projection systemwi th nmultiple equal-length color conponent |ight paths.
Det ai | ed viDeszodspt i on of Preferred Enbodinents Fig. 3 is arpdi/ageizaresst i c top
view of a reflective color electronic 30 (e.g., liquid crystal display)
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mirrors 70 and 78 Adererd argedeichimpaiei7s refledts g other of the blue and red

color component of light (e.g., red light) along optical path 52R and passes the
remaining color component of light (i.e., green). Color component (e.g., red)
light from dichroic mirror 78 is reflected to an angled mirror 80 (e.qg.,

20 achromatic) that folds optical path 52R toward a face 74R of a polarizing
beamsplitter 76R. In the illustrated implementation, dichroic mirrors 70 and 78
are each oriented at angles of incidence of about 45° relative to a central
optical axis 77. Dichroic mirrors 70 and 78 reflect color components of light at
the ends of the primary color spectrum in opposed directions. The remaining

25  color component of light (i.e., green) passes to a face 74G of a polarizing
beamsplitter 74G.

With reference to Fig. 4, which is a diagrammatic side view illustrating a
portion of projection system 50, each polarizing beamsplitter 76 (only
polarization beamsplitters 76G and 76B shown) has adjacent one its faces face

30 a reflective pixelated electronic display, such as a quarter wave-tuned reflective

liquid crystal display 90. The following description is directed to polarization



the ends of the primary color spectrumin opposed directions. The remaining
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to pass incidental rather can be formed with th | ue
spectral perfd:pq@ﬁrhgféht’@gmel |ﬂ@lﬁe¢§th|9aQ8@‘ and is discarded. In the illustrated

implementation, polarization converter 62 transmits predominantly S-polarized
light, so nearly all the green light received by polarizing beam splitter 76G is
reflected to reflective liquid crystal display 90G.

20 It will be appreciated that dielectric film 96R of polarizing beam splitter
76R, for example, need not be formed specifically to pass incidental blue light,
but rather can be formed with the blue spectral performance as a 'don't care'
zone. In general a don't care zone will have poor or incidental optical
performance for a selected speciral band, but will not cause display artifacts

25 because there is no illumination energy corresponding to that band. In this
regard, dielectric film 96R may be considered achromatic whether it actually
transmits all wavelengths other than the band of interest or includes a don’t
care zone. Analogously, a color filter (e.g., red) may optionally be positioned to
pass only that light band to the corresponding polarizing beam splitter (e.g.,

30 76R), so that optical performance of dielectric film 96R for all other

wavelengths can be don’t care zones.
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the polarization state revers so t hat
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the light with S-polarizationis reflected by the dielectric filnms in

pol ari zi ng bediEplapsrieearnatetonnek WikvRanazara £ontrel VeHagRs: thshPikelurieetaind i s
not i ncor por afedighfyih E8%eHomRldYprbpisns 65P-BarddeS Wolarizations. Greater

control voltages in this example cause greater portions of the light to be
reflected with S-polarization. The portion of the light with S-polarization is
20 reflected by the dielectric films in polarizing beam splitter 76G back toward the
illumination source and is not incorporated into the display image. As a result,
polarizing beam splitter 76G functions to analyze the image information
imparted on the light by liquid crystal display 90G.
Some incidental P-polarized light entering polarizing beam splitter 76G
25 may sometimes be reflected at dielectric film 96G toward reflective liquid
crystal display 90G, rather than passing through dielectric film 96G as is
desired. This P-polarized light can degrade image contrast when the P-
polarized light is reflected from liquid crystal display 90G, passes back through
dielectric film 96G, and is incorporated into the display image. It is believed
30 that the reflection of such P-polarized light occurs when the light has an angle
of incidence that deviates from a preferred normal angle, but other causes are

possible. To prevent such image contrast degradation that can be caused by
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adj ust nents coul racti cable for fixed front projection applijcations.
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lens assemblies 100G, 100B, 100R according to the projection distance. Such
adjustments could be practicable for fixed front projection applications.
Fig. 5 is a diagrammatic side view of a rear projection display
20 system 120 illustrating an exemplary application of projection system 50. Rear
projection display system 120 includes projection system 50 within a cabinet or
housing 122 together with a mirror 124 and a transmissive display screen 126,
as are known in the art. |
In the implementation illustrated in Fig. 3, projection lens assemblies
25 100G, 100B, 100R include a close-packed arrangement in which projection
lens assembly 100G is positioned between, and out-of-line with projection lens
assemblies 100B and 100R. The close-packed arrangement facilitates
convergence of the color components images at the display screen by
minimizing the initial separation of the images. For example, with each
30 projection lens assembly 100 having a cylindrical assembly with a diameter D,
the center of projection lens assembly 100G can be separated from the centers
of projection lens assemblies 100B and 100R by offsets X and Y of about:



20 system 120 illustrating an exenplary application of projection system
50. Rear projection display system 120 i ncl udes projection system 50
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conventionally required and provides improved display brightness.

15 Another aspect of projection system 50 is that all three colors channels
are of the same “handedness,” so that no color channel has an ‘illumination
pattern' that is a right-left transposition relative to another. This means if there
is a 'hot spot' on the left side of one color channel imaging device (e.g., red due
to some defect of the illumination), the 'hot spot' will also appear in the same

20 location on the left sides of the other color channel imaginé devices (e.g., blue
and green). This kind of handedness symmetry is generally not possible in 3-
channel color synthesizing systems because the decomposition of the white
light into 3 distinct color paths is usually not a symmetric and equal path-length
process. As a consequence, other systems might have a reddish tinge on one

25 edge and a consequent blue-green tinge on the opposing edge of the
displayed image. Or a yellowish upper left corner and a bluish lower right
corner, for example.

Furthermore, conventional reflective optical architectures typically
require a path length between the imager (e.g., LCD) and the projection lens

30 assembly that is twice that required by the present invention to accommodate a
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ormt 0ol ari zation converter 162 provides generally
15 | ossl ess p pamayde G ‘(QE‘VQH ongl per&PPYALN Big)arber %Ehéeffqngﬁ@ inBg| ari zati on

converter  10BfAYNBS5 373 Bs8ONNER' AMRInelitd e AEhdebr tAE pRisknr a3
invention. A fold reflector 164 (e.g., a prism) is positioned between mlcrolens
arrays 156 and 158 to compactly provide a separation between them.

20 A pair of crossed dichroic mirrors 170 and 172 reflect the red and blue
color components of light along optical paths 152R and 152B and pass the
remaining color component of light (i.e., green). The red color component of
light from dichroic mirror 170 is reflected to an angled mirror 174 (e.g.,
achromatic) fhat fold optical path 152R toward a transmissive electronic

25 pixelated display, such as a liquid crystal display 178R, and its associated field
lens 180R and projection lens assembly 182R. The blue color component of
light from dichroic mirror 172 is reflected to an angled mirror 184 (e.g.,
achromatic) that fold optical path 152B toward a transmissive electronic
pixelated display, such as a liquid crystal display 178B, and its associated field

30 lens 180B and projection lens assembly 182B.

With reference to Fig. 7, which is a diagrammatic side view illustrating a

portion of projection system 150, the green color component propagates to a
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gener a ite li sour c e.q., t [ . d
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i cr ol ensq&r r p§ledd poRNLatdned))B-BoRARERING Of theditht. 2RGold MeldctdreXsa iar rays 256

and 258 cooperate to provide nmultiple integrating imges of |ight source
254 for i ncrbagienadailps candensierians 268 pol ari zati on converter 262 provides

general l'y A first angled dichroic mirror 270 reflects either the blue or the red color
component of light (e.g., blue light) along optical path 252B and passes the
other two color components of light (e.g., green and red). Color component
20 (e.g., blue) light from dichroic mirror 270 is reflected to an angled mirror 272
(e.g., achromatic) that folds optical path 252B toward a face 2\74B of a
polarizing beamsplitter 276B.
A second angled dichroic mirror 278 reflects the other of the blue and
red color component of light (e.g., red light) along optical path 252R and
25 passes the remaining color component of light (i.e., green). Color component
(e.g., red) light from dichroic mirror 278 is reflected to an angled mirror 280
(e.g., achromatic) that folds optical path 252R toward a face 274R of a
polarizing beamsplitter 276R. Dichroic mirrors 270 and 278 reflect color
components of light at the ends of the primary color spectrum in opposed
30 directions. The remaining color component of light (i.e., green) passes to a
face 274G of a polarizing beamsplitter 274G. Projection system 250 includes

polarizing beamsplitters 276 and projection lens assemblies 300 that are
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beanspl i tter SLég %%g%bgég tdbf?r‘ﬂn{; %ﬁ%qﬁﬁ@@ r|a‘?1§légpar]tdé er@l he 12 VO

02/ 08829 PCT/ stant e same as polarizing beansplitters
76 and proj ectaqoﬂatbsahsrlar@@@lmgeetenlomjeﬁt@hﬁma:asaemes3Q(70rcam% 278 are

each ori em()Edé;%s %&%d%rrdn@ghgﬁp%l%agﬁgié%gﬁg b&ﬁéﬁ"rg ¥Scrid g%@@t ral

optical axi's mrrors are oriented to provide
angl es of i ncwd’éme@ererhceahqubjeeﬁbn Sysberob0e b atiditiors, tbé 367 angiss obindidead®, 278,

and 280 all ow pol.ari litters 27 ectl rrblles
300 to be posidUREE AEH AE Bekkibref B sePuRior RO e RIE 300
defining an eqyicbrt eé[@driatmig dioBrot: nnglrrroamg&mea at Iﬁ%an@@wbﬂ iatideade.tri angl e
arrangement projection asse ies 3 ovi osest
T angenent , it ch TR 13 TERE PORSIBE OB e e Lo NEbDS AR RS PLPL ence
t o proj ectyison jsyerkieA R bd Apstiddi it dlld bBfeciynpealirgt thé dettedence  of
mrrors 270 and 278 provide i rrproved col or separation performance rel ative
embodiments are illustrative only and should not be taken as limiting the scope

of our invention. Rather, the invention includes all such embodiments as may

come within the scope and spirit of the following claims and equivalents

thereto.

20
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to color separating dichroic mrrors oriented at 45 angles of incidence. In
vi ew of the many possible enbodinents to which the principles of our 15

i nvent i owoayodses appl i ed, it should be recogni zed that thepCOEB@I22%b

enbodi nents are illustrative only and shoul d not be taken as limting the
scope of our invention. Rather, the invention includes all such

enbodi nents as may cone within the scope and spirit of the follow ng
claims and equivalents thereto. 20 -1 AIIQSOZ/ 08829 PCT/ US01/ 22286 d ains
1. Inamlti-path reflective pixelate pl ay proj ector having a |light

or 5 i hpar ting i nigls 3 REBFRRieBrou® beRleL SrBf bl R F Fll P 2

col or conponenirse pfoﬁdlwmuﬂfm@g@ht pgural reﬂgctwema(eﬂ?etted displayaforpat hs, and

pl ural polar|2|n beam tt ted I | at ed
i oy ays (% g hlegBefar o Ralor soneonaits SuBJobi i @ire Py ac' °t©

pi xel at ed dl SBbAYSnerfid B IIQHFBde‘éEHﬂIﬁaléﬁﬁrﬁépérbfwoptbeI mu@Ianﬂqﬂdﬁal engt hs for
the separate optical path e col or

proj ection | eReladZR@RBRY Frbiters asrodated nathde 6‘?“%8\‘&)6‘??%1?}%%"9@5@'@3(%@{ t he
proj ection | eaﬁalgﬁoﬁ@mé &R ol?ﬁu'aﬂéh Inﬁbafneraocsvthb NERIctifd b&e@eéaean&pmyé hheach

other. 2. The p cto o clarm1 rther conprising first and second
di chroic 15 merovmemiaqommfsmu respective first and second coI or

P 2 et  0fSqUel pafBRRRE A ELIARE MRalfaoB ho Bbigr 225t OT Other

col or conponent of roj'ec ich |ight
pr opagat es tocd)mporlientsbflaag’lrltamlecond d| chr0| c mrrors at an angle of

i nci dence of about_45. he pro t
propagates to the EIPFOé?C 'QHIE ngssgéﬁ’@n@ %WHI%IPQ’F‘W‘%}S H %‘htt,ltge
i nci dence of p@p@&noﬂ@ensﬁass&h@h@s b¢|ﬁgﬁma noh hnéan arrahgemenhwcth eaueomexel at ed

d I I
tlthcglyzraggnpgﬂg:ﬁds TRe %?c}j%h?rdé{lsc Iaysfurtﬁer complpsn% Iers and second%lcrpnrl 'n which

15  mirrors that reflect respective first and second color components of light in
opposed directions and transmit at least one other color component of light.

3. The projector of claim 2 in which light propagates to the first and
second dichroic mirrors at an angle of incidence of about 45°.

4. The projector of claim 2 in which light propagates to the first and

20 second dichroic mirrors at an angle of incidence of about 30°.

5. The projector of claim 1 in which the pixelated displays are liquid
crystal displays.

6. The projector of claim 1 in which the color components of light are
red, green and blue, and in which the projection lens assembly for the green

25  color component of light is positioned between and out-of-line with the
projection lens assemblies for the red and blue color components of light.

7. In a multi-path pixelated display projector having a light source
providing multi-color light, plural pixelated displays for imparting image
information on color components of the light, the color components of light

30 propagating along separate optical paths to the pixelated displays for analyzing
image information imparted by the pixelated displays, the improvement
comprising:

equal path lengths for the separate optical paths of the color
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red, green and blue, and in which the projection | ens assenbly for the
green 25 col or conponent of light is positioned between and out-of-1ine
wi th t he w0 02/e8829 on | ens assenblies for the red and bl ue ROT/OSOICRA§FONENt S
of light. 7. In a multi-path pixelated display projector having a |ight
source providing multi-color light, plural pixelated displays for
inparting image information on color conponents of the light, the col or

conmponents of ] ting along separate optical paths to the
pi xel ated di s%%é@éﬁ gg()@@ﬁ)a/azqﬁng i mge information inparted by the

pi xel at ed di spl ays3 ptojestipmerswassembly fooepeh afi thg coleqoahppaeris beligithibef or t he
separate optical paths of the.colar .-14 02/.08829 P

conmponent s of prloi%ﬁf’r;‘ peéﬁ(fsﬁeWﬁB?Se%?'p%w 7ERY 'Qg@mwewgg@ﬁ%&é%gﬁ%g col or
conponent s of |ighg., Thdprojguie] sfaldimry ineviicrathegalated dixplayg dare a non- 1 i near
arrangenment with each ot trer. .8, The projector of claim7 in which the

pi xel at ed ¥i spragraissive PElated displaysi ve pixil ated displays. 9. The proj ector

of claim7 in whicah Theprijedbradiethiti ARl vihieh feitdisied dispfaygdréliqduspl ays.
10. The projector of claim7further conprising first and second dichroic
mrrors that e¥siabdisPla¥Spective first and second col or conponents of |ight

in 10 opposed direg rfEbtdr AR t71@hdr 88MoriIRg iRt A seebiR dieamROnent  of
light. 11. The p(raf(;(jI eggb(g)? (J)f t%:rlogi%%@o lﬁﬁn vlzlhi @rﬁnl I ghlt propagates to the

first and setdretsdhaiheitdct respeciivesiirat anthsepegt eoler comppaetie of thtdbout 30.
12. Th ' f . cl A ' i | feli
€ Pig! egg)pgcfs&gdn%h@d@ngn\ﬂ]%%xﬁ% 1508 e o‘ﬂ{er(\c‘am?%ﬁ?bﬁeﬂ o;; Ilpgl}r?t are

red, green an projection l'ens assenbl t he
green 15 col or cotipchenprofctdrialetains Ogo svhidchdightiploptgetes tatfw fvatand - | i ne

with the projectiaon.lens assemhlies for,the red d col or conponent
of 1ight. P 1J:%.Seqoi'?dag'9ﬁfi?‘f’im'ﬁﬁfsrla Andg 8fdn8'5§'b(fea?faagﬂ‘)8f)é@for havi ngrrg | i gh;5

source providi ng 1l The p@jddtor df @lim hwitadh Piexelaricempdnspisay Hgihtatre
inmparting inmage information on color conponents of the light, the col or
conponent s of fad; grenandRiupaastin Néich BaPrIepianders apramlly f‘gékﬂ%grelec? t he
pi xel at ed£li sphgysorhneMidt gt Rpositioned between and out-of-line with the

projection lens assemblies for the red and blue color components of light.

13. In a mulii-path pixelated display projector having a light source
providing multi-color light, plural pixelated displays for imparting image
information on color components of the light, the color components of light

20 propagating along separate optical paths to the pixelated displays for analyzing
image information imparted by the pixelated displays, the improvement
comprising:

first and second dichroic mirrors that reflect respective first and second
color components of light in opposed directions and transmit at least one other

25  color component of light; and

equal path lengths for the separate optical paths of the color
components of light.

14. The projector of claim 13 in which the pixelated displays are
reflective pixelated displays and in which the projector further includes a

30 polarizing beam splitter associated with each of the reflective pixelated displays
for analyzing image information imparted by the reflective pixelated display.

15. The projector of claim 13 in which the pixelated displays are
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i mage information inparted by the pixelated di splays, the inprovenent
conprising: first and second dichroic mrrors that reflect respective first
and secomwdlO ozedsey conponents of |ight in opposed directi opeT/@Re/22esnsm t at
| east one other 25 col or conponent of l|ight; and equal path |engths for
the separate optical paths of the color conponents of light. 14. The
projector of claim13 in which the pixelated displays are reflective

pi xel ated dis . .0, Whi projector further includes a 30

pol ari zi ng beg#ﬁ%ﬁ]'ﬁﬁ%@'%&%@%gﬁgtﬁg wi th each of the reflective pixel ated
di spl ays for anal yi8i ndhe pragetdrof olamatl Bdmwhithdne pikelajed tisplags arscltquice

pi xel at ed di spl a%/.\é)g. The projector of claim13 in which the pixel ated

di spl ays are Ak FRI3YD8829 PCT/ US01/ 22286  t ransni ssi ve pi xi | at ed

di spl ays. 16. The projRErtmbjeetorof aiam 13 in whishilight propagateetathedirstissyl ays are
liquid crystal displays. 17. The pr ol' ect or. of cl ,aajbm 13 in which |ight
propagat es & o $a§en¢ dichioig mirrors ad @psgleRtdnFdenceRf @PERs3Qt an angl e of

| nci dence of about 30.), %&nul_’ng)_a% PutbiatedP@bllaPbrefddrathvitiSPlight sBluReeCt OF
having a |light source providing nulti-color I|ight, plural” pixelated

di spl ays for iprpédingrgultieatps lighthpbiratpixetrieddispleyeford®npaineningdef the |ight,
the color co |.] ing: i paths to
the pi xel at ed T LBrISE0p SoRE kamPEREAT B HedoR, e et SERL Dt he
pi xel at ed di sprayagatmgraderitpsktpeoatp riptical gpathsrtefthe pixelated disglayaitod agelyaing col or

opposed i 1Sct TS R RIHaRrprg ¢ PRba S op el ShbBlstnen:  of
l'i ght through each refledtihg fitstrantl saoohd eslonebrabarients of light romrrespentive fist
propagating. the Lol or o SRIPSRSSrs3h obbSla Gledlns ERAEER SRl SHadtBhES
other color component of light through each of the first and second dichroic
mirrors; and
15 propagating the color components of light along separate optical paths

of equal length.
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