WO 03/ 046655 PCT/ US02/ 37583 -1 5 TIR PRI SM FOR DVD PRQJECTOR CROSS
REFERENCE TO RELATED PROVI S| ONAL APPLI CATION This application clainms the
benefit uwoes/Hdss3)SC 119(e) of U.S. Provisional Applicati @eaTNso2/668834, 009,
filed Novenber 28, 2001, the 10 contents of which are incorporated herein
intheir entirety. FIELD OF THE | NVENTI'ON This invention relates to

m cr o-di splay projection systens and, in particular, to mcro-display

proj ection systens that use a digital mcromrror device (DVD) and a TIR
prism 15 BACKGROUND OF THE I NVENTION A. Prior Art Projection Displays

Enpl oyi ng DVDs A typical projection display using a DVD (e.g., a DVD from
TEXAS | NSTRUMENTS) has illumnation froma |ight source (e.g., a high
pressure nmercury arc |lanmp), a color wheel for field sequential color, and
an 20 illum nation path that has an integrator and relay optics. The
illumnation [light fromthe light source strikes the inager display and is

modul atgd by the mcro- m’I"Iﬁolgﬁlgl(\j/I ?@@DMB@RO?E@T@R‘ pping mrror can

direct the illumnation cte romits surface so that it goes towards
the projection lens and screen or off into a reject state where it is
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pi xel s that are turned "on" and rej ect Ilght from any other direction. WD

03/ 046885 RomteIss »f WiHgl arg iMtnrperated heretthiputhedeentiraiyR pri smto separate
the i11Tum nathol oF THE INVENTION

This invention relates to micro-display projection systems and, in
particular, to micro-display projection systems that use a digital
micromirror device (DMD) and a TIR prism.

15 BACKGROUND OF THE INVENTION
A Prior Art Projection Displays Employing DMDs

A typical projection display using a DMD (e.g., a DMD from TEXAS
INSTRUMENTS) has illumination from a light source (e.g., a high pressure
mercury arc lamp), a color wheel for field sequential color, and an

20 illumination path that has an integrator and relay optics. The illumination
light from the light source strikes the imager display and is modulated by
the micro-mirrors at each pixel. Each flipping mirror can direct the
illumination reflected from its surface so that it goes towards the projection
lens and screen or off into a reject state where it is blocked from getting to

25  the screen.

There are a number of ways to keep the incident illumination bundle
of light separated from the outgoing imaging light, i.e., the light that gets to
the screen. The first uses physical separation of the illumination bundle
and the imaging bundle. The pupil in the projection lens is then located so

30 as to accept light from pixels that are turned "on" and reject light from any

other direction.



light fromthe imaging light reflected fromthe DVD imager. A TIR prism
has a face that is close to the critical angle of reflection, i.e., it has
a face atwowhioedsss i ght at some angl es undergoes total intecmalsoyefsBection
and light at 5 other angles passes thranli?h the face. The origi nal

di sclosure of the use of a TIR prismw{h a DVD i mager was in

commonl y-assigned U. S. Patent 5,552,922 to Sinon Magarill. O her patents
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et al., U %&W&Y&ﬁtthﬁqmeﬁ‘giﬂéﬁgBB?éﬂd&e&ifﬁhﬁithg B Rimagét. SA TR pFikndNO.

6, 250, 763; amori et al., U S Patent No. 6,349,006, and Magarill, U S
Pat ent No. hasssfacedbat inclapato thescrbaaberglew! radedicmda: dt dasfa faeeati on for
TIR prisns
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reflections. Again, the pupil rn the projection lens Is |ocated so as to
accept |i gtIR posmpwxtdl 3 DViBX insager was iredorhardnlpradsigmeddy. 3. iRsttent i f  any,
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woul d find et alt ik ScRataet Nof 6,485 @a7; Pprajieklet @b, TRBePatdtrNvhé, 2193895 a DVD
and a TIR prism assenbl ti;pi cal _ of the gri or art. As shown in these
figured0 prielding sbabl ﬁ&s sterd Noy 6,290,{768f Obpmor2 st phalep. BatentNg.ect i on

s 17 e aghbeu PR SR 0. RRTE Ay 0y 0L rers 19, 21 and
seen in the figyn&FhaNBREYw Bechh@{heSQUnhB8rd eonfiSuhtiorPfd? IR PFERIUN €
mercury arc lanp), a color wheel 27 with notor 33] an integrating tunnel
29, relay lwademtBIDMD frohdersi thoill@binatneh ighticomes in ak ap agflelthas 37. WO
03/046655 EtoC-I;/aHior%/ﬂ%ZEsg,Swhﬁe in the imaging path, the light that goes to the screen
15 passes through the TIR surface without any reflections. Again, the pupil in
the projection lens is located so as to accept light from pixels that are
turned "on" and reject light, if any, from other directions.
Figures 1A and 1B are side and front views, respectively, showing a
DMD projection system 9 inside a rear-projection cabinet 11. Figure 2 is
20 anisometric close-up of the same elements, without the cabinet. These two
figures represent the elements that one would find in the cabinet of a rear
projection television which uses a DMD and a TIR prism assembly typical
of the prior art.
As shown in these figures, prism assembly 13 sits in front of DMD
25 1mager 15. Projection lens 17 selects the imaging light and sends it to fold
mirrors 19, 21 and then to screen 23. All the parts of a prior art
Illumination system can be seen in the figures, namely, a light source 25
(e.g., a high pressure mercury arc lamp), a color wheel 27 with motor 33, an

integrating tunnel 29, relay lenses 31, a fold mirror 35, and a further relay

30 lens 37.



B. Operation and Oientation of Illumnation Light, Imaging Light, and TIR
Surface in the Prior Art On all DMD inagers produced to date, the square

pi xel m cwo-03mugesdrs tilt about their corners. This means PCTALSOL/BESS3
ilTumnation light 5 needs to come at the device at 45 degrees to the
device's horizontal (see discussion bellow. Figure 3 is a front view of a
DVD i mager which illustrates how the 45 degree requirenent has been

achi eved i gt he @Fdakiod dnd DRiddthbioh BUNEmiARtiohT.iBhE Hﬂégnglﬁgﬁtmdd or
pi xel , 41 shows the mrror flipping axis (axis of IO notion), 43

il lustrates the TIRRSaufatade thePractArdn, 45 shows the illunination

direction, 47 shows "undesirable" |ight source orientation (see
di scussion Dbel %?llﬁ%ﬁmgﬁﬁpqu{%ﬂdga@a& St99UPSE I¥RLIRFOused in the
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di scusston nkedhed evhe altotherdesi@cit £5 ApEFdey tWith deRecer® K619zdAthl @es, the
illumnation Iight has to cone in perpendicular to flipping axis 41. As a

resul t, il |disgusatonobelowdr ecti on 45 ends up being at 45 to the hori zont al
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gap surfaces gedris Hb@ﬁﬂeﬁféhg%fasfﬂl%ieﬁ acﬁﬁf%dihimrpﬁ& §1l'<t. Wi 1Y glu@b d3dri r ror

49, the illumnation axis 45 w go all the way back to the start of the
i |'lunm nati osma single, miarotimgimor poel,cH dhowsnthe mirrarftippingbky"(arisicfnt ati on in

i ch Rp SPUPIAAS iieHeter Bie IE Anecp rededhion. fivanry tag dlummaon

oper 1 1 SRy 81585l UL, DR, SGDUERRRog AR gpibaia 131
in Figure delev)a9sdihdevLthe illvaeisiatidblgath B3 stiewst hdedhindtHesprdor 4, t he prior
art, the need for a substantiall 30 horizontal orientation for the |ight
source' s adingd fhshewnithe édesiyahlpeligheseirce grientatianpehieedpatthefratier ni rror
49. This m-arr{ glrlro%lglho’&%duéehgf tllliegitfltllfi%%fcﬁ%-path fold mirror (see discussion
15 below).
To interact properly with the micro-mirrors, the illumination light
has to come in perpendicular to flipping axis 41. As a result, illumination
direction 45 ends up being at 45° to the horizontal axis 53 of the imager 15,
i.e., the horizontal axis defined by the imager's horizontal edges. In a
20 system that uses a TIR prism, the air gap surface is inclined across this
same imager axis.
Without fold mirror 49, the illumination axis 45 will go all the way
back to the start of the illumination, i.e., to light source 47 in its
"undesirable" orientation in Figure 3. For many light sources and, in
25  particular, for light sources which employ an arc burner (e.g., high pressure
mercury arc lamps), operation of the source is impaired if the arc burner is
not substantially horizontal. It is for this reasons that the orientation of
light source 47 in Figure 3 is considered "undesirable."
As shown in Figure 3, in the prior art, the need for a substantially

30 horizontal orientation for the light source's axis was achieved by the use of

an illumination-path fold mirror 49. This mirror allowed the light source



WD 03/ 046655 PCT/ US02/ 37583 -4 51 to have an orientation such that the

angl e of the source's axis relative to the horizontal axis 53 of inager 15
was accepwealBm46665 gure 4 is a further illustration of thePrPa3asot/378BR pri snms
in the prior art, in this case, an iso%gtric view of just one of the
prisns 13a making up 5 prismassenbly I3, with DVD i mager 15 bei ng shown
below the prismin this figure. In actual use, the DVD i mager 15 and the
pri sm ass el i Mild an ¥ RNEatibY sheh kREEHA NSl 1GRb!burdd TS rd1fhing, L he
illumnation axis 55 comng into the prism13a and reflecting dowm to the
devi ce at tthe hbrizoswal axie F3/of ihtagelr I1bushs atdeptabke. 10 projection 59 of the
i 1lumnation axis on the plane of the device is shown as a dashed line in
Figure 4. Note thgure Ads atfwatharoilastragion; of the uss ofdffereisms ingthe M0y zont al

axis 53 of the i Fi_ gur al s ows flipRhng axi 1 ich again is
2t 35 degr dab TR s, ArS R Pebrd yiQy BERR qne AhE RS a8 m AT
directi gn gfridrh@sB&bLP N8 awitXDIMD Smia@et ns_Heﬁﬂ%bhbwnmabw&hé,p,risliﬁtﬂnt he 15
flipping axis is at +45, while the R/{‘Oj'ectlon 9 of the illumnnation axis
is at -45.thiE fgves Bracpl vsadtiBEMD istaget 8 5| drghtheopribm assembgi widlr i ous
TIR prismassenbl.i u in.the prior art, where in each figure a single
mcro- ni rrtxplcé‘%il??eﬁ)fg%%gwt’scfgﬁ'e (+10 degrees) is shown. 20 Figure 5A
shows the case Wgfg, kl's'h‘éWs%Tﬁ'iﬂﬁ ihaﬁbn i§ @B'c?ﬁ{iﬁgfiﬁﬁﬁlhe-rbﬁs&uﬁaace 57
and imaging |ight 63 passes through the TIR surface.” For a ~ prism conposed
of acryli c anidefletingaduivii 06 the Dbicdavithe TRt surdad05 e Farallugtration, ti | t and

a F/3.Q0 light_ cone, the prismangle is about 35 degrees. Figure 5B shows
the cadf® whepection i eliheodlum 10@1%&@%&6%%9@%th@éewcw%ah@\a{a@ssﬂ and
i magi ng |igh r om t ThR e.The. myr t he i magi ng
devi ce ope?da aesq}%rclil ]t?{%ée?lgtg?n%&%a%nerg&fe&h att Eiﬁé{ ‘g’%ep%% loxglss étgégfl g%reéasgcf)oach of
Fi gure SA. thBUforidongal AtidH3nattthennfdeel! FMig@srd £ al@Ehdws fliipiag agtgd® for the
tilted "on-state" mrrors and the inmaging (on-state) light still cones
strai ght upvleich agaén deat 46 degoessaio the hdrezaddel swisgidefbhe imageat il§the

positive direction of the horizontal axis is to the right in Figure 4, then the

15 flipping axis is at +45°, while the projection 59 of the illumination axis is at
—-45°,

Figures 5A, 5B, and 5C illustrate light paths through various TIR
prism assemblies used in the prior art, where in each figure a single micro-
mirror 67 in its "on" state (+10 degrees) is shown.

20 Figure 5A shows the case where illumination light 61 reflects from
TIR surface 57 and imaging light 63 passes through the TIR surface. For a
prism composed of acrylic (n=1.493) and for a DMD device with a 10 degree
mirror tilt and a F/3.0 light cone, the prism angle is about 35 degrees.

Figure 5B shows the case where illumination light 61 passes through

25 TIR surface 57 and imaging light 63 reflects from the TIR surface. The
mirrors of the imaging device operate in the same manner for this approach
as for the approach of Figure 5A. Thus, the illumination still has to come in
at an angle for the tilted "on-state" mirrors and the imaging (on-state) light
still comes straight up off the device (normal to the device plane). To satisfy

30 these conditions, the prisms making up the prism assembly have different

configurations for the Figure 5B approach than for the Figure 5A approach.



30 these conditions, the prisns maki ng up the prism assenbly have different
configurations for the Figure 5B approach than for the Figure 5A approach.
WO 03/ 046WB693e@hs3JS02/ 37583 -5 I n particular, for the Fi geca/®B2/amps oach,
the prismangle is different fromthat .of the Figure 5A approach because
the imaging light coming straight up needs to be totally reflected at the
TIR surface. For exanple, for an acrylic prismand a DVD device with a 10

degree mrror t iIInEPaﬁ@Qu?aIS £5¢ &@Fieél%gt%%gﬁgroatcﬁ?tﬂ%]grisgi;nﬁggfegﬁ%iff&rentthe

Figure 5B approach 1's at a sinp es tot ane, rather

than at 35 fadegribas ofishé Figle 54&iagpieachbapnsesbd imbighny HghCeahdvg a furt her
approach where the optical paths for both the illumnation Iight and the
i magi ng | i giitaightizpdieedsttabe; totally: seflented af flae TiLBrpurfaeet ni'er exepdaple; ot al

internal reflection.occurs at surface. b7 surface OLherw se,
thi s appr odehSrecFTRERRET a8t P AR TR A 10 AR eTE it S ot i
Pet er son etF/glo light eond’2he MIRNOrish: h8S f614the Fill@ire 3PPAMROACR s At gure 5C,

|l i ke the approac% of Figure 5B (and Figure 5A), has enployed a fold mrror
in the il wvinpde #onlegueds. to the dsnadpnerratHer thvENTI3oNI¢grens ahen the egoi ng,
it can be s&en tg%f in the prior art, DVMD projection displays which have
enpl oyed TI'RBHF? M HYYAABPi es have included a fold nmirror in the

illum nation pat RREN ' I: el in the

art and provi gesmgug%]g’jcggct [ onaéillfs%]l%g%b% acc%d‘%&zesrr%fe o%l%qgglg F(Zlgg(%[thone

| i ght sour ahe iRundhatieadigltnendtiR phagimgdsganimdergoaothlhtaial east one

digital mcrgmrror_device, wherein the illumnation path between the

li ght d8ur ceflgpidon hén phisseasgs ttabinternal reflsrden oceurs at hath syrfacgmhat i on
ath is free pf  f0]| d.m rs..Ssuch. an_unf gl ded | ight th._n I

rpl i 1 oo nEowavn e Ricth P AhgiPAL (ke b Ralof 3R, 01 Ve

reduction ighrkRQMHM asisRoivi it Péle Sy es AR USS. PaRdl No. f6eves, 04 the | enses to

be used inthe illumnation path. This reduces the cost, conplexity, and
wei ght of tapproa¢hued RigurerbQdikd the approach of Stigwre 5B (and Figure 5A), has
employed a fold mirror in the illumination path.
15 SUMMARY OF THE INVENTION
From the foregoing, it can be seen that in the prior art, DMD
projection displays which have employed TIR prism assemblies have
included a fold mirror in the illumination path. The present invention
addresses this deficiency in the art and provides a projection display which
20 employs: 1) at least one light source, 2) at least one TIR prism assembly,
and 3) at least one digital micromirror device, wherein the illumination
path between the light source and the prism assembly is unfolded, i.e., the
illumination path is free of fold mirrors.
Such an unfolded light path not only simplifies the illumination path
25  but also reduces its length. The reduction in length, in turn, allows smaller
and/or fewer relay lenses to be used in the illumination path. This reduces
the cost, complexity, and weight of the illumination portion of the system
and thus ultimately of the entire projection display.
As discussed in detail below, in accordance with the invention, an
30 unfolded illumination path is achieved for a prism assembly in which

illumination light reflects from and image light passes through the



and thus ultimately of the entire projection display. As discussed in
detail below, in accordance with the invention, an 30 unfol ded

i 11um natwonspatshs i s achi eved for a prismassenbly in whi eaT/tshi/sassnat i on
light reflects fromand i mage |i ght pasges t hrough the WD 03/ 046655

PCT/ US02/ 37583 -6 assenbly's TIR surface by enploying in the assenbly a
prismhaving 1) an light input face and 2) a TIR face, both of which have
(a) two ed [ i : : Wo
Cages whi ch R L3R 9h B i A0 DL e
such a pri dighthapat 68ei amd Bpa lTIFfhface nipath dfackeichdredbe?d) twotedged Riélace. The
edges of the light input face which neet at an angle greater than 90 are
edges 73 anBtersechiiaapge gggeer &kﬂn‘:ﬂon@é (R twougy ghvgleq e¥sREhao0 are

edges 75 a adgegnof the TIR face which neet at an angle greater
than 90 ar e%qle%%%lseig% ana 3(1 and the edges which 10 neet at an angle |ess

than 905are edgeEigdfe &B(ﬂllﬁé’t,raféﬁsd&ﬂzﬁpﬁi@‘ﬁpdﬂh@@69 it bRe TigRtfipp et AeEks on the
illumnation path which |eaves the inmaging path free to exit straight off
the device 71 krethe 'PHR dacenr Therdgereoftihr leghtriapat fave whikhsmert abdnant age
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device to be inroughly the same orientation as the screen, which is an
advant age fmeetr&taan pngleegiteader thamp80Uaxsptdges. 75/ nd Slhand chefedges athicdn, t he
ilTumnpation path in the TIR prism 20 needs_to see a conpound angle to set
up progﬁr ineeind 2k AB8le %Sglé’é@?séae eaae%@apri Sbl ow, there are nore
constraints on tfy,St ol ' ' t i.Sf: e
reflection cri teﬁ;qrghﬁ%?&tbﬁgnﬁﬂl?j%hrb\aﬁlgc:%i%wg ﬂr{rugngf1 thr%g%lﬁxspg%gﬁtg oriented
to fully traighilbatdsethenindg@inkipghh fesy @fit bhiaight s thg dpaich andStheadi ti onal
features of the invention are set forth in the detailed o

pass through the TIR surface. This has the advantage of requiring the

shortest possible back focal length from the projection lens, which makes

15 the projection lens, which typically has a telecentric or near telecentric
pupil, easier to design. It also allows the imager device to be in roughly the
same orientation as the screen, which is an advantage for rear projection
type displays.

With this configuration, the illumination path in the TIR prism

20 needs to see a compound angle to set up proper illumination. As discussed
in detail below, there are more constraints on this type of prism in that it
must satisfy both the reflection criteria for the illumination and must
remain properly oriented to fully transmit the entire light cone of the
imaging path.

25 Additional features of the invention are set forth in the detailed
description which follows, and in part will be readily apparent to those
skilled in the art from that description or recognized by practicing the
invention as described herein.

It is to be understood that both the foregoing general description and

30 the following detailed description are merely exemplary of the invention,



description which follows, and in part will be readily apparent to those
skilled in the art fromthat description or recognized by practicing the
i nvent i onwa3messsi bed herein. It is to be understood thatcyaiSe2/s1583

f oregoi ng general description and 30 the follow ng detail ed description
are nerely exenplary of the invention, W 03/046655 PCT/US02/ 37583 -7 and
are intended to provide an overview or framework for understanding the

nature and a%faadx@%géndﬁd tSrdvieRh i09BrAsw dr frénfhwr¥adr uherfafamAnyi ng

drawi ngs are included to provide a further understanding of the invention,
and ar e i n¢he patateand charattenobtlid intvenéioh geait tis ofaimleds speci fication. The
drawi ngs illustrate various, enhodi pents of _t i nventjon, and together

with the descri gtieo?CEBIARYIRE SXPYHISH %%éncwﬁaoaregl%fw Phtion of the
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proj ect 5on plagt efilek epecifiphtiphNThe M¥ingklildusteat: varidils bmbadimbatydfew of

the |ight engine conponents of the prior art DWVD projection television of

Figure 1. thgineerdion and yagethen withothedasppptiongerve to explaanithg t he use of

a fold mrror.in prior ar{éi il lfiﬁi nat i qn aths to achieve a "desirable"
FEOR AdNg

| anmp 15 oripgfﬁcé?]iefiﬁ’.n AMYLUEtri ¢ view showi ng an illumnation
| i ght pat h pgEgr DESCREPPION OF THEDRAWSINSS 5B, and 5C are schematic
di agrans showing illumnation and imge |ight paths for three prism

assenbly confi gltigtresnbA asddlB are kiale D01 frondviews, refpepinedy,cshomidgéB ar e

front d side views, respectively, shaow ng a. .|l ayout for t onponent s of
a DWVD rEar t%iP’&f‘ﬁE%’i%ﬂaif%}téW &i16ar 86W§F"rl%ttg]8"“‘11‘i’fl SE ?H&ﬁc”eﬂyﬁh t he

iO][‘VG”t bon. Figurigdrd § i@8nliSSHIELd Gicw OFEic RgY et difie cbfifontRd BELIROMPONENt S
prior art DMD projection television of Figure 1.

Figure 3 is a front view of a DMD imager illustrating the use of a fold

mirror in prior art illumination paths to achieve a "desirable" lamp
15 orientation.

Figure 4 is an isometric view showing an illumination light path used
in the prior art.

Figures 5A, 5B, and 5C are schematic diagrams showing illumination
and image light paths for three prism assembly configurations used in the

20 prior art.

Figures 6A and 6B are front and side views, respectively, showing a
layout for the components of a DMD rear projection television constructed
in accordance with the invention.

Figure 7 is an isometric close-up of the light engine components of

25 the DMD projection television of Figure 6. A comparison of this figure with
Figure 2 shows how the invention makes the illumination path simpler in
that it no longer has a fold mirror. Also, the total relay length is shorter,
which means that the elements can be smaller in diameter and fewer

elements may be needed.

30 Figure 8 is a schematic diagram showing coordinate orientation.



25 the DVD projection television of Figure 6. A conparison of this figure
wth Figure 2 shows how the invention nakes the illum nation path sinpler
in that woDomwo4deshger has a fold mrror. Also, the total rrelrawor/arsgih is
shorter, which nmeans that the el enents_can be smaller in dianeter and
fewer elenents nmay be needed. 30 Fi gur’§'8 is a schematic diagram show ng
coordinate orientation. WO 03/046655 PCT/ US02/37583 -8 5 10 15 20 25 30

. e 6655 PCT/ USO: 20 25 3¢
The i nvent i on.  PBared RORTARE e CRMFE SRt SRR SRS MRS T

m crom rrorgthdeMi&gtiofri gure 11 shows an il lum nation cone and an i magi ng
cone at a TIR surface. Figure 12 shows a prismconstructed in accordance
with the inventHignres1QdnadiE)B showrstandatt angle\designatiansefopai sm of Fi gure
12. Figures 13B and ézc.show, respectively, the input and TIR faces of the
prismof FiBFe™MIOr E¥ffes 14A and 14B are isonmetric and side views,
respectivel y, OfFiguré"i'l%!ﬁb%%‘%{Tﬂhﬁnﬁ{Hﬂdi‘Védﬁb AR aRMPIRE cHhOHE 8 TR ,
Figures 15A and 15B are isonetric and side views, respectively, of a prior
art prismausfrdely in which the prismface is oriented at 45 to the

hori zontal axis of the i mger. The reference nynbers, selclzl in the
dr awi ngs 1gure 12 shows a prism constructed 1n accordance with the
invention.

Figure 13A is an isometric view of the prism of Figure 12.
10 Figures 13B and 13C show, respectively, the input and TIR faces of
the prism of Figure 12.
Figures 14A and 14B are isometric and side views, respectively, of a
prism assembly employing the prism of Figure 12.
Figures 15A and 15B are isometric and side views, respectively, of a
15 prior art prism assembly in which the .prism face 1s oriented at 45° to the
horizontal axis of the DMD imager.
The reference numbers used in the drawings correspond to the
following:
9 DMD projection system
20 11 cabinet
13 prism assembly
13a prism associated with imager
13b  prism associated with projection lens
15 DMD imager
25 17 projection lens
19 fold mirror
21 fold mirror
23 screen
25 light source
30 27 color wheel
29 integrating tunnel



followng: 9 11 13 13a DVD projection system cabinet prismassenbly
prism associated with imager 13b prism associated with projection lens 15
DVD i magewOob3/opi66§ ection lens 19 fold mrror 21 fold m rPOT/USBB3%683 een 25
|l ight source 27 color wheel 29 integrating tunnel correspond to the WO
03/ 046655 PCT/ US02/ 37583 -9 31 relay lefis 33 color wheel notor 35 fold
mrror 37 relay lens 5 39 single mcro-mrror pixel 41 mrror flipping
axi s 43 TIR surfgce r, ikon 45 illum nation direction 47 undesirable
| i ght source or iggnt atriggéﬁﬁﬁ%s 49 fold mrror

33 color wheel motor

35 fold mirror
37 relay lens
5 39 single micro-mirror pixel
41 mirror flipping axis
43 TIR surface reflection
45 illumination direction
47 undesirable light source orientation
10 49 fold mirror
51 desirable light source orientation
53 horizontal axis of DMD imager
55 illumination axis
57  TIR surface
15 59 projection of illumination axis
61 illumination light
63 imaging light
65  TIR surface
67 single micro-mirror in its "on" state
20 69 light input face
71 TIR face
73 edge of light input face
75 edge of light input face and TIR face
77 edge of light input face
25 81 edge of TIR face
83 edge of TIR face
85 1llumination cone
87 imaging cone
89 plane representing the TIR surface
30 91 ray of the illumination cone most likely to transmit

93 ray of the imaging cone most likely to reflect



51 desirable |ight source orientation 53 horizontal axis of DWVD imager 55
IllTumnation axis 57 TIR surface 15 59 projection of illumnation axis 61

i1 um natworoslouggis 63 i maging light 65 TIR surface 67 si mgiTa/So2/6T583 i rror

inits "on" state 20 69 light input fa.g(ﬁ 71 TIR face 73 edge of |ight

i nput face 75 edge of light input face and TIR face 77 edge of |ight input
face 25 81 edge of TIR face 83 edge of TIR face 85 illumnation cone 87

i magi ng coRepPd EWgﬁ@gﬁ@@w@ggﬁﬁgggﬁce 30 91 ray of the

i1l um nation cone nost ray of the inmagi ng cone nost

likely to rEVIHEDIMEWBSQ}E&HEHNWESQZONSSS 10 DETAI LED DESCRI PTI ON AND
PREFERRED EMBODI MENTS OF THE | NVENTI ON The preferred TIR prisns of the
present inventi orhe praferredefiReprismis|af khe paesent invghtioandhiclseeflaghgi ng

O R e BB e R e B L
have a go W%Qhﬁﬁgﬁ'@vﬂ)ﬁﬁy R theld1€. VeBRile sBilll AllGwidd tH ﬁl%bb?n
conmponents, in particular, the light source, to sit close to the
hori zont al ibfintinaetioaknge, thedrismes bbe (aemnmpsownd hogle tthad pesmitfthe fest d
of the illumination components, in particular, the light source, to sit close to
the horizontal of the cabinet and the DMD device without the use of a fold
mirror in the illumination path. This substantially horizontal orientation
10  for the light source without the use of a fold mirror is illustrated in Figure 6
which should be compared with the prior art configuration of Figure 1
which uses a fold mirror.
In the discussion that follows, two DMD devices will be considered.
The first will be the 10° DMD device discussed above in connection with the
15  background of the invention. The second will be the newer DMD device
from TEXAS INSTRUMENTS that has mirrors that flip 12° and allows a
faster, F/2.4 cone of light. Other DMD devices can, of course, be used in the
practice of the invention.
For purposes of illustration, we will assume that the prism is
20 composed of BK7 glass with an index of 1.5168 for the yellow helium d line
(5687 nm) and 1.5266 for the blue mercury line (436 nm). The critical angle
(64ir) for total internal reflection for n = 1.5266 is then :
Btir = sin"1(1/n)
Btir = 40.92055,
25 where an index value of 1.5266 is selected to calculate 6:ir to make sure that
the TIR surface reflects not just green light, but also blue light.
Other materials besides BK7 can, of course, be used in the practice of
the invention.
The coordinate system of Figure 8 and the angles of Figure 9 will be

30 used to describe the preferred prisms of the invention. In Figure 9, 0 is the

TIR prism wedge angle and o is the angle that the prism is clocked about



mrror in the illumnation path. This substantially horizontal orientation
10 for the light source without the use of a fold mrror is illustrated in
Fi gure 6 wetmsoseshioul d be conpared with the prior art confricgursat/smss of
Figure 1 which uses a fold mirror. In the discussion that follows, two DVD
devices will be considered. The first Wll be the 10 DVD devi ce di scussed
above in connection with the 15 background of the invention. The second

wll be th - Vi f T ) rs that
flip 12 anghgﬁ}/&g{r\}\% anD ?gesétug%e tfl%% g].tgggsggeé%é% WE{E% él n%sog%%elg%%i%@es can,
of cour se, heeeimsedthen"Hoteom pidge't oL eheoprising m akesnwithntheHOM IP's hpoizeatalf

illustration, we wll assune that the prismis 20 conpgosed qf BK7_ gl ass
with an i n@&s o3, whrhggsmsbewimia Figured, Herlsabhe ¥ axe. Lhegmglap wHlbe . 5266

for the blue,nerecur I ne (436, nm. The~critical angl Qtir) for total
|t ernal r dETeERe ¥ B o Tal kg e TREE b coffep A0S priofanfl i, 1

40. 92055, 3494@here an index value of 1.5266 is selected to calculate Otir
to make sure that the TIR surface reflects not just green light, but also
bl ue light. O hén adaligonab® deboddse &kGle yaf thefillominationtsxisiseth i n t he
practice of the invention. The coqQrdinate systemf Figure 8 and the

angl es of EPeRAck to the fpager hgpyzorta will 'rﬁé%brai%@ t-hé' BracfBeddiopat sns of the

i nventi on. L QNT.E.: [+S . K ' <] . is the angle
that the pr@@?nf%‘gﬁéﬁb%‘&’e@‘%bao@g\’ﬁ)l&/ PO AR PE R @i gn8 | L0 2nd s,
i.e., the anghenitieh akiah@ibe ¢ddhe sohirdensxi® lasip Gl ars ¢hesas@. t 0 herein
as the "bottom edge" of the prisn) nakes with the DMD s horizontal axis

53, whileh, Axsoxtiogly,iad® angle fer thesilhimmation axigis gengradlyanghecentalilel be
referred to.as the."prismface angl e," For onventional, (pri.or art
briom o 3R tha Tigh iibe Agte S5t deats o BETE tap B1° SHRCHFYEI hati on

axi s W th gegsirable light source performance. For example, one lamp manufacturer

(PHILIPS) specifies that the maximum tilt for the axis of its projection
television lamps is 20 degrees. In accordance with the invention, an
15 orientation for the light source axis which is less than 45° is achieved by
making the prism face angle compound. In particular, 6, a, and y are varied
to adjust the compound nature of the TIR surface in order to control the
light source angle.
There are some other angles that are commonly used to describe
20 DMD imagers and which play important roles in determining the proper 6,
a, and y values. These are the illumination insertion angle ¢, the mirror
flipping angle m, and the f-number light cone angle U. These angles are
illustrated in Figures 10A and 10B.
Table 1 sets forth values for ¢, m, and U for the 10° DMD and 12°
25 DMD embodiments of the invention, as well as for the prior art system
using a 10° DMD. These values assume a glass index ng = 1.52669. The
numerical values of this table, as well as those of Table 2, are, of course,
only for purposes of illustration and are not intended to limit the scope of
the invention.
30 Using ray tracing procedures, the orientation of the TIR prism face

(specifically, the compound orientation of that face) is selected to achieve a



respect to the imger horizontal will also be used . For a conventi onal
(prior art) prism that angle is 45. For the present invention, the

i 1 um natworemxdess and the |ight source axis (lanp axis) areTtuse2smse. 10
Accordingly, a 45 angle for the illum ion axis is generally unacceptable
since the light source axis generally ne€ds to be | ess than 45 to achieve
desirable Iight source performance. For exanple, one | anp manufacturer

PHI LI PS 1.5 . : ' td - theaax ' j ecti
Lol evi ot on TERbIECobBRIAGE (PPN ool REis T FLE EnSo g (ke 1) 201 2"

ori ent ati opolts withid tlghillwainatorakipht véhcchroperlyessldch firord Bhé TIRchi eved by
maki ng the prismface angl e conmpound. In particular, 0, a, and y are varied
to adj ust ﬁnefa@gﬁpdmh@twgkm@twmm thepmaging dight sone deansmpit ébrauadt t he
| i ght sourgﬁ angle. There are sone other angles that are commonly used to
descri be 2 f)l@ﬁgg'aﬁ%gers and which play inportant roles in deternining the

proper §, a, amg¥re/fl YR6ws IBFRReAt&ivdBluhinkTidiRhh@RnRSEE Ed Ry 89l e cp,
the mrror flippring angle in, and the f-nunmber |ight cone angle U These
angl es ar e and 8Usisraelddsiplaie §Qrepreseatiamgdhe(BR Fatfhee.1 Adsi shdvon ih val ues

for cp, in,,and U for thegiljg and.12 25 DIVDen‘Ir[)o'rrents t he

i nvent i on, T g1e aLe yays %n%igow 1 axg, SERRCHYE RGPS Ty ' These

val ues ass . ' q?&{; . . ' . : this
table, as \l/f\gﬁ Pﬂgs ltgﬁg:gggo ggie;fy%o, %@%1%118 lﬁ?ottgfr;é ;;reg\?r d%&}@# %ﬁ%eoses of
i1 lustrati enodtritkedy o Rrefledtntnpahet89 is mitdteidthroaghehofanglde, rayscdt i on. 30
Using ray traci ng procedures, the orientation of the TIR prismface

(speci 10calangd 93 movedapbifarerdrlpeationy antheir rempectize epnesandichangd t o

achi eve a E\E 03/ 0%6 55. PgTéUSOZ/ 37583 -12 "desirable" orientation for the
i ght sour ¢BHPEURNCTETEAYEP'ng that all points within the illumnination

{515 cone P opatysebiin] spmAeo T Ty aseysansblaige s i
resulting angle y can be determined by ray tracing, as well as appropriate
sizes (geometries) for all of the TIR prism's faces. As representative

15 examples, Table 2 gives the results for the 10° DMD and 12° DMD cases
and a BK7 prism. In this table, unit vector notation is used to describe the
prism face orientations and lamp axis, where the unit vectors [i,j,k] are
with reference to the (x,y,z) axes shown in Figure 8.

Figure 12 shows the resulting prism for the 12° DMD case. Further

20 views of this prism are shown in Figure 13. Also, Figure 14 shows the
prism incorporated in a complete prism assembly, and for comparison,
Figure 15 shows a prior art prism assembly.

As in Figures 4 and 9, the illumination path is projected down onto
the plane of the DMD in Figure 12. Because the TIR face is at a compound

25  angle, this projection includes a kink, as can be seen in Figure 12. It should
be noted that in Figure 12, the prism face angle « is less than the standard
45° (e.g., for the 12° DMD case of Table 2, a is 5°). Similarly, the light
source (lamp) angle y is less than 45° (e.g., for the 12° DMD case of Table 2,
v 1is 16°).

30 The compound prism of Figures 12, 13, and 14 gives an illumination

that correctly inserts onto the micromirror pixel (e.g., at 26.5° and coming



5 Figure 11 shows representative illum nation and i magi ng cones 85 and 87,
as well as plane 89 representing the TIR surface. Also shown in this
figure arworapssed1 and 93, which are, respectively, the ra&¢TafSo/bmss3

illum nation cone nost likely to trans_'§_ and the ray of the inmagi ng cone
nost likely to reflect. As plane 89 is rtotated through the angle a, rays 91
10 and 93 nove to different locations in their respective cones and change

thei r Spat iadmOfgpaticaRtoe IR TERYAES Y 4¢ 26¥mbOhARIAIO Hkhe TIR pl ane

t hrough angle resulting ang can be determned by ray tracing,
as wel | as iHppriaptioAtean conZemnto ghoprism didectlgralahg thé anlgte THAR we hanes
faces. As representative 15 exanples, Table 2 gives the results for the 10
DVD and 12 deseribed as the bighs sprrceen lamp piisange yaprihougihe npeddor anwt at i on

is used to cribe the rismface.orientati.ons.and l|anp axj. ere the
uni tveot ofettpmiyzogy. IR pafycElin J5CieatHs Y RBE i§pudtR Bl -
Figure 8. HaHI(Rstdnalipvie §&1da8d W5 ith9he desPelRidditall 2FEMX LABR, abur t her
20 views of this prismare showm in Figure 13. Also, Figure 14 shows the
pri sm i ncorjastataeet] imTabko2pl etrebpléssrhasserdgual tantofib20t erdypeh nsams
Figure 15 shows a_ prior art girgi smassenbly. As in Figures 4 and 9, the

i | [ uni nat i dhapihe lampmxis exn b dergilonlons and ppenade siieeigelpwitheuts gur e
12. Because,the TR face is at a conpound 25 angle, this projection

i ncl udes aeckllen S,e Ozgs%lgarﬁlrgg&s'een in Figure 12. It should be noted that in

Figure 12, the gnisihinde®, BHeepAor art, €8S illBRindtien S sRdd dsedtwitte. 9., for
the 12 DVD case of Table 2, (x 1s 5). Simlarly, the |light source (|anmp)
angl e 10i s D¥d3s hada fall merryr anfdotypi¢edlylromv®te ddenekeleraphts. 2The folds 16) .
30 The compound prism qf Figures 12, 13, and 14 gives an.illum natjon that
corract |y HRE0E Basieed tadelh aal fiepackazane tangact apd Bsepepitishi ng WO

03/ 046655 %%/ayggﬁfél%nl%ﬁ%u%ﬁtigﬁgﬁna%g‘l?s’ p&%rr@&?ggfﬁiﬁ 8xib, Bgf, 3Gyl s at a

conmpound angl e, nation can cone In e prismdirectly al ong
t he angl e thwaizomtahaBefore the present invention, it was not possible to use an even

simpler illumination system that avoided all fold mirrors, because without

15  a fold mirror, the DMD device and the TIR prism put the axis of the lamp at
45 degrees to the horizontal of the device (and the cabinet).

This present invention addresses this problem by providing a prism
face with a compound fold which yields a simplified illumination path.
That is, the prism folds the illumination light so that the illumination relay

20  optics requires no fold mirrors at all, and the lamp can be at or near
horizontal without any additional folding. The illumination system is thus
simpler and has an overall shorter length. Moreover, as can be seen by
comparing Figure 6 with Figure 1, the invention simplifies the layout of the
illumination elements in the projection box.

25 Although specific embodiments of the invention have been described
and illustrated, it is to be understood that modifications can be made
without departing from the invention's spirit and scope. For example, in
the foregoing discussion, the projection components have been positioned in
the rear projection box with the DMD device and the projection lens

30 pointing forward towards the screen. Two cabinet fold mirrors have thus

been used to place the image on the screen. The invention also can be



described as the light source or lanp axis angle y, w thout the need for
any fold mrrors. In particular, for the prisns of the invention, y is

di f f erentwb oBoasesg | ess t han) the standard 45 to the devi cecrarsozamsal . For
exanple, as illustrated in Table 2, y ﬁln be | ess than or equal to about
20 which neans that the lanp axis can'fie directly along y and operate
effectively without the use of fold mrrors. In summary, in the prior art,

the illum %?{i&i%ﬂtl@yéste‘a | a%'§$%éé/"¥<%{i &aﬂi&e%tm l%ntsgl'nt‘a ﬂh/[elp‘p%l%xgc%d typically

from2 to ens el enments. _ MTror was ‘use 0 ~neke the
packagi ng giREat wdIakhs @eepiibedrt INemdiaidiospstbmspep@tinkisgned at its
preferred operating axis, i.e., near horizontal. Before the present

i nvention, Y¥ 4adwondd ppek shellempeitier weryalesn indhgsiabinét| anferward of syst em
t hat avoid all fold mr g because vviijh ut 15.a fold m.rrar, the DVD
devi ce and HRGCHER PAEm DER the Tasamiiogy thAdampaia can b Ferdsts @8 ne
horizongal gf dvRgallleNhiaet G8pech EAS beaBLR®lled. Thi s present invention

addresses this problemby providing a prism face with a conpound fold
whi ch yi el ds a Asmphothieedaridtion, nhe iovergadrcan Phatseddn sybtemps iwdneH ol ds t he

illumnation Ijght so that t il Jum pation relay 20 optics requires no
fol d ni rroreénlélloyéPP?eQ}?dl?%ﬂ?\Q SeQHOHEXFMP ’E%SHFGSH Angdokt off Atgbertdut  any

addi ti onal _fiokdian il i i O S i . an
ooer ol | on i &S BasdilEny, 5 83 ie) O or ERhEIDIL oo LS sep iRl AntiiRe *0
wi th Fi gur @rismtaigeinb¥eedn be wsbdwvithices 3 MMVDay atth 2T TRSrisil plasédiat i on

el ements in the projection box. 25 Al though specific enbodi nents of the
i nvent ilBn Hrent t @ssembbedln thedpiipr ezt sach@ TIR prism wovdd baderentedd t hat

nmodi ficatians n _be made i-t\hout deparnting,fromi.he i nvention,s spirit
and scope. et &kriey 5 e, DY RIAGedso B hATUEROEREAS SRE e hedh
conponent s NAYE nbigFdt RABLEPASH the lahiBe W tHY IR Glisdh 0P Be E‘Ms'@n% he DVD
device and the projection lens 30 pointing forward towards the screen. Two
cabi net f olidvemtiony thehfaldentiimog cabdeneliménitied. pl ace the i nage on the screen.
The invention al so can bF \ﬁo 03/(9 6655 PCT/ .US02/ 37583 -14
A variety of other modifications which do not depart from the scope
15 and spirit of the invention will be evident to persons of ordinary skill in the
art from the disclosure herein. The following claims are intended to cover
the specific embodiments set forth herein as well as such modifications,

variations, and equivalents.



efficiently used in a single fold cabinet,

poi nting up.

In this case,

prior

art

with the | ens and DVD devi ce
illum nation systens operating at 7

45 woul d wob/osdess | anp either very deep in the cabinet or PCorusar/sses t

screen pl ane.

t he overal l

exanpl e,
For exanpl e,
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prior art,
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03/ 046655 -1
| nvent i onl nv

[llum natio

| nventi onPresent Pri or

thetanmp—Wththe TR prisnrof tt he Fi)brsemt gt o, t
can be elimnated. A vari eF P51 ot her [ ABH'Yi cat | %{ l\l\%ﬁ ch do
romthe scope 15 and spi [14Vedtiqhe i BOVSRtIN will ‘% Vi deht
f ordinary skill in the a}®° PMbh theld) &N Bsurd I8MVIY The
dewcansriortaded t o coverl0t he speci|fie enbodi ndlfs set forth
IMludsinftioh inBeitidiCahslans, |23@pPi ationggeard equi vqloent s. WO
0k She I/UbUéld/de reSePHo o
Tl\égg%} lﬁflﬁ% %}3 )ﬁ/@i@% 'gld(-;gll 5403 0 ?'6 ]m].001210
FNQ& [hatf angle, 51 Lo 528 eno +ight leone3-—6-—£o- 5}2=
[11.54] 3.0 [9.6] (FNO & [half angle U Table 2 Present
art
Table 2
Present Invention | Present Prior art
10° DMD Invention (FIG. 5A)
12° DMD 10° DMD
Prism TIR wedge 6 | 34.65° 33.0° 34.5°
Prism face angle o | 12.5° 5.0° 45°
Lamp axis angley [20.16° 16.08° 45°

Vector orientation
of TIR face

[.555,-.123,.823]

[.543,-.047,.8.39]

[.401,-.401,.824]

Vector direction of
lamp axis

[.928,-.3408,.149]

[.995,-.271,.184]

[.700,-.700,.14]




10 DMVDI nvention(FI G 5A) 12 DVD10 DVD Prism TI R wedge 034. 6533.034.5 Prism
face angl e al2.55. 045 Lanp axis angle y20.1616. 0845 Vect or

ori ent at i wo[0355@55 . 123, . 823] [ . 543, -.047,.8.39][. 401, -. 401 pcagasp2efssdl R face
Vector direction of[.928,-.3408, .149] {/\h]gf{% -.271,.184][.700,-.700,.14] lanp
axis WD 03/ 046655 PCT/ US02/ 37583 -16 “is clained is: 1. Apparatus for
produci ng an i mage on a screen conprising: (A) a light source which.

produces i ] [ tght; (B) a panel which selectively reflects
il lumnati I(yquﬂﬁ gﬁlh%e%'}%duce imge light, said panel conprising a

plurality of seliecti vgiparatal fostprblecingfdreirhhp@ oftlestRbés campanpegd i n a
common pl ane, said el enments being adjustable between at |east a first
position and a(Atcordighissaurenwhid) prodiraspdlnmsnationdightti ch recei ves i mage

O T M e ik i e e R T
transmts image |ightinfaleeMmdiesainditalel b@mtplaﬁsiﬂ% ;aJ) ;ﬁg&?m} dfeddectBRLE Prism

assenbly conprising a prismwhich conprises: first face which
recei ves il | um nati omdjughble reflecting el¢mghts smamged ifilal jonamoaqdadef ace at

Under goes total i nt ceudl Clmta e IunA AR KIF HFWECR Rt et BTROSHION -
transmts illum nati %Qldléggﬁon\&mo%ﬁion;
(C) aprojection lens which receives image light and produces the
image on the screen; and
(D) aprism assembly which transmits illumination light from the
light source to the panel and transmits image light from the

panel to the projection lens, said prism assembly comprising a

prism which comprises:

O a first face which receives illumination light from the
light source;

(IT)  a second face at which illumination light which has been
transmitted by the first face undergoes total internal
reflection; and

(III) a third face which transmits illumination light which
has reflected from the second face to the panel,;

wherein:
(a)  the second and third faces transmit image light which has
reflected from the panel to the projection lens; and
(b) the first face and the second face each comprises:

(1) two edges which intersect at an angle greater than 90°,
and

(1)  two edges which intersect at an angle less than 90°.

2. The apparatus of Claim 1 wherein:
@) the light source defines a light source axis;

(i)  the panel defines a horizontal axis; and



has reflected fromthe second face to the panel; wherein: (a) the second
and third faces transmt inmage |ight which has reflected fromthe panel to
t he proj ewDidn4deshs; and (b) the first face and the secomdTiiaoz3mash
conprises: (i) two edges which intersec 7at an angle greater than 90, and
(ii) two edges which intersect at an angl'e |l ess than 90. 2. The apparatus
of Claim1l wherein: (i) the |ight source defines a light source axis; (ii)

the panel def I negya NRLIZAN Bluil:Sine"0h V.05 QA0SR FETHUSDAIATSAR - 17

(iii1) the angle ween source axl s an rizon axis 1is

| ess than q§leguhbntor eirdto dBouB20The appar at us of CI a| m 1l wherein: (i)
the third face has a bottom edge; f)él i) the panel defines a horizontal axis;

and (iii) the agl e Berewenaralies b 1&3m édghergrm the horizontal axis is

| ess than 45. 4. . Ar r.een rising: - (i) the apparatus of
Claimi1; (ii) a Wabi ﬁg?tfmdcﬁc‘ﬁglﬁgé‘s gggrat us of laim1; and (iii) a
screen carried Qﬁ)th%hg%gh@paeﬁﬁgg\a%kﬁangﬂeaglg%forrred by the apparatus
of daim1l is displayed. 5. Apparatus for producing an i mage on a screen
conprising: (AXiB | |tbbtangdmbet@vednﬂie Imtéaneelgei dddithenhorioonthl gkis;is( B) a

panel whi CE sel ectl%ely reflects illumnation [ight to produce inage
light, said® nprising a plurality of selectively adjustable

reflecting elengnts @ﬂgfc%éfppf’% Qltxlrf)lr?snﬁg said el enents being
eas posi

adj ust abl e bet ween at F ron
1) the apparatus of Claim 1;

(11)  a cabinet which houses the apparatus of Claim 1; and

(111) a screen carried by the cabinet upon which the image formed

by the apparatus of Claim 1 is displayed.

5. Apparatus for producing an image on a screen comprising:

(A) alight source which produces illumination light;

(B) a panel which selectively reflects illumination light to produce
image light, said panel comprising a plurality of selectively
adjustable reflecting elements arranged in a common plane,
said elements being adjustable between at least a first position
and a second position;

(C)  aprojection lens which receives image light and produces the
1mage on the screen; and

(D) aprism assembly which transmits illumination light from the
light source to the panel and transmits image light from the
panel to the projection lens, said prism assembly comprising:
) a face which receives illumination light from the light

source;
(II) aface which transmits illumination light to the panel
and receives image light reflected from the panel; and
(III) a face which transmits image light to the projection
lens;

wherein:



and a second position; (C) a projection | ens which receives imge |ight and
produces the image on the screen; and (D) a prismassenbly which transmts
i1l um natworoslouggis fromthe |ight source to the panel an®dIm@soysisss | nage
light fromthe panel to the projecti op]ré%_ens, said prism assenbly
conprising: (1) a face which receives l um nation light fromthe |ight
source; (lI1) a face which transmts illumnation light to the panel and

recel ves imge lhpht helhfihedsbngly &A}ﬁpﬂgéegﬁég 1638 onk lshifac8 aaschhi ch

transmts imge T1ght t e projection ereiln: 5

PCT/ US02/ 3%683 inidn@dyeflibtiqi onwegsaehbl y conprises at | east one surface at
which total internal reflection occurs; and (b) the optical path _between
the light sourcdbhnd tha@ptisabrain betweeacidiolaght $quree aadiths tregywhich om t he

| i ght Sourgfgcéc}%é'ﬂi@ﬂl?rf%im?liggpgrr?%ﬂ?%@tgﬁgS{?{grc igi“{(:ﬁf?ld\‘%,a'er ein the at |east

one surfac I rec um n e pan The appar atus of

Caimb5 whereing (1) Theappiiditus ef CtAndSTWRGRIR the able R oneeudtdcs; (i)
t he panel defines a horizontal axis; and (iii) the angle between the |ight

sour ce axi glizaetis tlhemioation hight tathepanel.| ess than or equal to about 20. 8.
The apparatus of, C air@S wheragi n: % tBe face which transmts illum nation
light to the parel and'® fRREFATEE Of Flym PiysTet | ected from the panel has a

o LS SORE bty Ry SRSt an (111) he anal

(11) the panel defines a horizontal axis; and

(i11)) the angle between the light source axis and the horizontal axis
1s less than or equal to about 20°.

8. The apparatus of Claim 5 wherein:

1) the face which transmits illumination lighf to the panel and
receives image light reflected from the panel has a bottom edge;

(i)  the panel defines a horizontal axis; and

(iii)) the angle between the bottom edge and the horizontal axis is
less than 45°.

9. A rear screen projector comprising:

(1) the apparatus of Claim 5;

(1)  a cabinet which houses the apparatus of Claim 5; and

(111) a screen carried by the cabinet upon which the image formed
by the apparatus of Claim 5 is displayed.

10. A method for producing an image on a screen comprising:

(a) transmitting illumination light from a light source to a prism
assembly without turning the direction of propagation of said light;

(b)  transmitting said illumination light through the prism
assembly and to a panel comprising a plurality of selectively adjustable
reflecting elements arranged in a common plane, said elements being

adjustable between at least a first position and a second position;

(© forming image light from said illumination light at the panel;



| ess than 45. 9. A rear screen projector conprising: (i) the apparatus of
Claimb5; (ii) a cabinet which houses the apparatus of Caim5; and (iii) a
screen cawpimsm4dsgst he cabi net upon which the image fornedpdyushbgrsappar at us
of Caimb5 is displayed. 10. A method f@r’] produci ng an i nage on a Screen
conprising: (a) transmtting illumnaticon light froma light source to a
prism assenbly without turning the direction of propagation of said |light;
(b) transmttin aid.J 103t j j and to
a panel conpri s?(}é agﬁértérngﬁlp % ﬂggqéde(ig%gﬁ%tghgggg?ttggtgg?){ééﬁ @rsgpf%ﬁg t%‘%%

el enent s arnsangefedtiondeasnamd pl ane, said el enments being adjustable
between at least a first position and a second position; (c) formng inmage
light from said(®) | uittanrsmisting thetimagetlightdhrensh Wie pzresBesdens to

PCT/ US02/ 37583t' 19”%%% transmtting the image |ight through the prism
assenbly arﬁ%lrmt Beé jection lens; and (e) transmtting the inmge |ight
through the projigcti qmel @BehdPof ERIM 10X HeFBELIn dtbp Bhahealinafdnatios! ai m 10
wherein in step (b), the illumnation |[|ight undergoes total internal

ref | ecti onligh? undeegoest toval iotediadireflétiovherein the image light is

transmtted between e pri.sma nbl y.and the projectjon Lens w thout
turning the pro gatitIgW’g‘P‘Flé@t ?géﬁ’(ﬁn i%iw qu’dhE& ggq—hgﬂprgt hod of O aim 10

wherein the Aﬁmﬂ&t%ﬂg@wéeﬁl tﬁern%mtéﬁ'eégssﬂlmftm%etﬂgﬁ&%ﬂ 1e88 it Ru

proj ection fens W t hout turni propagati on ection of sal of | i ght.
turning the propagation direction of said light.
13. The method of Claim 10 wherein the image light is

transmitted between the panel and the projection lens without turning the

propagation direction of said light.



