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(DVMD) and a TIR prism 15 BACKGROUND OF THE | NVENTI ON A. Prior Art
Projection Displays Enploying DVDs A typical projection display using a DVD
(e.g., a DVD from TEXAS |INSTRUVENTS) has illumnation froma |ight source
(e.g., a high pressure nmercury arc lanp), a color wheel for field
sequential color, and an 20 illum nation path that has an integrator and
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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 thrwli?h the face. The origi nal

di scl osure of the use of a TIR prism h a DVD i mager was in

comonl y-assigned U S. Patent 5,552,922 to Sinmon Magarill. O her patents
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reflections. Agaih, the pupil I'n he projection lens Is located so as to
accept |i ghilK pnenpthﬂul a;DMBtmmgr was iecdotherohlpredsigneddy.S. iRgtent i f any,
fromother direction 1bAe(§ d 1B are mdelcﬁg%héront Vi ews,

respect | vel5y5 %ﬂ%&ttﬂ}@on earpag%tsemw ichs i 2 prisman AT REgdct i on

cabinet 11., g&ﬁr@ﬂnl?gers%gcmel St\%ﬁ%fﬂlctﬁé??ﬁt 195, 5?64%%%?#& Rt s,

wi t hout the ca ése two fig s tepresent the &élenents one

woul d findettmll MBScRatéeratNof6,a85@ar7; Ppralichtet @b, (RBePhedritrNuh6,2091389s a DVD
and a TIR prism assenbl % |caI of the grior art. As shown in these
figured0 prElgldlag%@ﬂ}L 9}/53 stend Noy 6,2501{768f Obmmorzst phale?. BatentNg.ect i on

s 17 selecksghee,TERA O aNgERICR U b6y P10, mers 10, 21 and
seen in the figynheshat'BIEhYw l%cbhﬂahﬁhesé%ﬁhﬁﬁr@5onﬁ§u191tlorfifo‘i‘"l§[|R iSmzur €
mercury arc lanp), a color wheel 27 with notor 33] an integrating tunnel
29, relay IusndemtB]Dl\/Ié) fnhgensi thoill®binatnch Aghticoines in ek an aBfleithas 37. WO
03/046655 PCT/ H Or%/ﬂ%é?sg?’whﬂe 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

?)rﬂa;erS'gsOLoﬁ rgomﬁ?e{aaégé.fr‘i?rhte%ébygoqes‘%/gﬂ- Zl?lﬂaéﬁaelr aé’jé:ﬁdﬂ%kg’g% g%\"tt?ﬁe air
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/ 046WB6930@hs3JS02/ 37583 -5 In particular, for the Fi gamasssB3®ppr 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 |ight pasges through the WO 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 ahi ch o oEg TR ARERay Enp Ay 1R9h Hhe g AE MR A0 Bl i es
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

f iri h hor i Qi k ,f [, . th,f t [ecti
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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
coordi nate orientation. WO 03/046655 PCT/ US02/ 37583 -8 Figure 9

| nvent] on. i gulaE ioA e Bl BieCRy ot o h U BB F kel prifidl§ of

m crom rrorghdeuiegtio® Figure 11 shows an illum nation cone and an i nmagi 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. 10 Figures 13B and 13C show, respectively, the input and TIR faces of
the prism d?lclf?ﬁ‘ﬁ]?rtgr%f.vmﬁi gures 14A and 14B are isonetric and side views,

respect vel y, ofFigur@'ih%ﬁb@%mwnﬁ{mmyém ARE aRNiBiRE chhOHE 8 TR
Fi gures 15A and 15B are isonetric and side views, respectively, of a 15

prior art purfveassenbly in which the prismface is oriented at 45 to the
hori zontal axis of the i mger. The reference ngnbers, sed in the
dr awi ngs cor r esgo8YTe 421SHaWSfAPYIgH GRistin 1 AEFEERANEH WS Fii‘-'f‘m 20 11
cabi net 13 iﬁg%ﬁﬁbgsserﬂ)l y 13a prismassociated with imager 13b prism
associ ated 'w proj ection | ens

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



15 DVD i mager 25 17 projection lens 19 fold mrror 21 fold mrror 23
screen 25 |light source 30 27 color wheel 29 integrating tunnel WO
03/ 046655WB@3huWss2/ 37583 -9- 31 relay |lens 33 col or wheelPCmtso2/3758%5 f ol d
mrror 37 relay lens 5 39 single mcro-girror pixel 41 mrror flipping
axis 43 TIR surface reflection 45 illufination direction 47 undesirable
| i ght source orientation 10 49 fold mrror 51 desirable |ight source
orientation 53djori 4@ij6 axis of DVD imager 55 illumnation axis 57 TIR
surface 15 59 projectio mp illumnation axis 61 illumnation |ight 63
I magi ng light &3 Tl Rokurwhed idtosi ngle mcro-mirror inits "on" state 20
69 light input face 71 TIR face
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 illumination 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



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
i1l um natworsmessss 87 i magi ng cone 89 pl ane representing tlaa/UR0ER3Tsas f ace 30
91 ray of the illum nation cone nost likely to transmt 93 ray of the

i magi ng cone nost likely to reflect WO U3/ 046655 PCT/ US02/ 37583 -10

DETAI LED DESCRI PTI ON AND PREFERRED EMBCDI MENTS OF THE | NVENTI ON The

preferred Bﬁrﬁﬁtﬁ'ﬁﬂﬁ%@gﬁ%ﬁ(ﬁﬁmﬂ pRWﬁERREt%i ch reflect illumnation

i ght and pass 1 magi ng ave a geonetry t is different 5 from

that previ EMBODIMENTSIORE THE. INVENTION || al | owi ng the proper

i1l um nation angLI‘ e, the prisns have a conpound angle that permts the rest
of the illum natihsmpredearedehlifsprismspdithe pupsgnt inyentipghwhidureflectt o sit
close to the hori.zaontgl, of,the cabi.net. and, the D\VD devi Wit t the use
of ‘2 tord erpBRBATidhs 9 b ERTERENEN bR o SopEiEfa BB keion: a
ori entagi ofrdif that préiolisFNhseAM hR el WPHIle (B9l M3GwRig thel Plofefi rror is
illustrated in Figure 6 which should be conpared with the prior art

confi gur at iidnmahafibglanzld, thetiesms base a domhpoumd angle thattpeemdisstheswison t hat

foll ows, t devices will be considered. The,fjrst will he the 10 DVD
devi ce di sﬁég%@la%%tlm CORPRBERTSH A RALHCYE ,tlaeshst\tcwr&an@ gt clogg to

e o USAFEAER il AR DB St oA RS TR
Gt her DVD deitreein tlenillwhiriors pathheThizeshbstahtially lodizoh€d aierdthéion
' nvent il(())n' f(l):r(') ghepijirgﬁt? gggrcgfwiitlh(l)llljts Eﬂeaﬁéeogf a \fl'\cl;eldvlml.l{rlrox{i isssilljlrlrlest;aréggl irtl rI]i‘?glFl)xrei gm 'S
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



20 conposed of BK7 glass with an index of 1.5168 for the yellow heliumd
line (587 nnm) and 1.5266 for the blue nercury line (436 nm. The critical
angle (Qworop/od@sstotal internal reflection for n = 1. 526@CcTrashhemsss Qtir =
sin 1(1/n) Oir = 40.92055, 25 where al";l i ndex value of 1.5266 is selected
to calculate Otir to nmake sure that the TIR surface reflects not just
green light, but also blue light. Other nmaterials besides BK7 can, of

cour se,_be i35l {leuY Bd1bGRaPtie 104 R ri TSR Yedirddd g, SVt em of

Figure 8 and the angles o I gure e escri t he
preferred persimsasofhd hottom edige'dof tHenpisg) healds WithstheN@M D'k Ropizoatalwedge
angle and a is_the angle that the prismis cl ocked about WO 03/ 046655
PCT/ US02/ 3758353,-whichhas shgwinsin Figare 8 Healsadhe xawas. (Ihe anglg celiybbes t he

i | ferred to . herei b dge" he by k
it e, DREEHIbET o ke PR Bod3nklih ERPA SRR Rn onlof ) 200 90, S5

the x ayisjsiBe angle a will be referred to as the "prismface angle." For
a conventional (prior art) prism a 5 is 45. In addition to O and a, the
angl e y of the ihladditiahito® snd &, the dingle gsgfebie itlantinationmegas whdr i zont al
will also be used . For a conventiqQnal, (prior art) prism that angle is
45. For thdespestinthe wpager gﬁl,’lzf”ﬂ‘@ Wil alge Rtuser -adioF aenveREionaght sour ce

axi s (| anp axi re:ihe £ ' - ﬂgg. f t he

i1 1Tum nati @gﬁ%gﬁygéﬁ%@%{%ﬁ%%@%égfg%ﬂgi grs%s%gg?rtl e }l%ﬁggsour ce axis
general |y pRefsnafiohexieafdthalight sbAreEiis(Rimsasis) akk ¢hé isghie. Source
performance. For exanple, one |anp manufacturer (PHI LIPS) specifies that

t he matPnuacprdingly, a4 angls for the Blypnojasom axis is generalyonnaeoepsalile 20
Co oo N VAT s BRbATe A B4 b e o
S
(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



| i ght source angle. There are sone other angles that are commonly used to
descri be 20 DVD i magers and which play inportant roles in determning the

proper O,woa3oasss y val ues. These are the illum nation ingemttison3=sgyl e cp,
the mrror flipping angle in, and the f;nunber |ight cone angle U These
angles are illustrated in Figures 10A dhd 10B. Table 1 sets forth val ues

for cp, in, and U for the 10 DMD and 12 25 DWVD enbodi ments of the
I nvention, "&ési%l}a" 8Rich®d i&@%@e%ﬁ@?gg%ge?hg@wﬂﬁé %ﬂsafﬂ%a ueallThese

val ues assunme a gl ass 1 ndex ng nunerica s of this

tabl e, as yweldtsagithiiDelte dfumaid ttor?light eoncopropeulyseefleco fitom fthe TR poses of
illustration and are not intended to [imt the scope of the invention. 30
Usi ng ray tshakacegndridesall peints wathipithatimagsng bight sena tragsmis vhreugh
(specifical\kbg, t%e conpound orientation of that face) is selected to

achi eve a 031848655 PCT/ US02/ 37583 -12 "desirable” orientation for the

i ght sgurce axipsguhi § £ sRO%YEPEbsbRRltiAl [luBRidtich Whil iddeihe conds s nat i on
| i ght cone proper?y reflect fromthe TIR surface and that all points

wi t hi n t he andteifi, g weljlas pdane 80 rapsesentingridedhlR shefaser AdseshdviFigure 11

shows represengative illumnati and .i magi ng cones 8 and , as well as
pl ane 89pr ég}%‘é%‘mfﬁ%r@ kays Wéégf &'g’éc.h N"gd“eg?ﬁ?&ﬁeiﬁt?’ﬂﬂag Off%ﬁr e are rays
91 and 93, i GRa @bk ﬁ%ﬁigﬁp‘%e 1 tlil%é‘?#f ¥(% thal?fasn{i@_\énﬁfthte%y df'tIhH'I}dl %&eﬁ)g BofgPNE NoSt

likely to transmt a ay o e 1 magi ng cone” nost to reflect.
As pl ane 8Mést lildlptedeflértouthpldie SO wtatedrtdyrsugh the adgle 83rayeveE t o
different locations in their respective cones and change their spatial

ori ent 40i orrard $dmoyetostifferandrlocataens inothear respectivRepnemandishangh angl e a,
the resul t'hng ang] 7. %an .be determ ned by ray tracing, as well as

appr opr i at &1°HjsPa m?&‘é tHPRY) for all of the TIR prisms faces. As

representative ForoRiliftrarf 2blatich of HRITHOBLORS U0t ghndbe, #e DVD and 12

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



and a BK7 prism In this table, unit vector notation is used to describe
the prismface orientations and |lanp axis, where the unit vectors [i,], K]
are WwthwoaBew@ste to the (x,y,z) axes shown in Figure 8PCEp2/87582 shows
the resulting prismfor the 12 DVD case,qFurther 20 views of this prism
are shown in Figure 13. Also, Figure 14 Shows the prismincorporated in a
conplete prismassenbly, and for conparison, Figure 15 shows a prior art

pri sm asse ) | i -4 ' ) i h is projected
down onto rf?(%{)ei 4@%&% o@cgﬂé@%ﬁﬁq&%ﬁr%ﬁ%gé.)ﬂngglclgg?e t ’2% %I R face is at a
conpound ZHuafightiontcanscopiedjrtottheprisia ldinteslyaalehgkhe anigbathdtens danei n
Figure 12. It should be noted that in Figure 12, the prismface angle a is
| ess than tdescribedaaithe light seurce oxflgmp pEisignghyp widwustheaeed for apyx i s 5).
Simlarly, l.i ght .source (la angl.e 7 i.s,less than 45 {g.q., for the
22" oD casdoBrmpiadre JABRTRulE TR B hiEmd ke e ReN 08 difthoue ' 32, 15,
and 14 gi vgsoAMdsktHahNaid Sfandablalase 36 KRE de¥ideNRRIAohtANt Pok @)@axﬁgfér @qirror
pi xel (e.g., at 26.5 and com ng WO 03/ 046655 PCT/ US02/ 37583 - from 45),

but becausallubieratédid Tabld 2, \atarabe degsahnd aregjual to hbout ROYUmihich meansan cone
into the prismdirectly al ongipt he angle that we have _described as the

| i ght sour d8abthe lampp sxiscamfiediyectly alepgty antbopprage eHectansly wisheuty rrors.

In particular, far, e isns of the invention, y is different 5 from (I|ess
t han) the stg ﬁl(fgroéfét@ IPgIrrf)aSe' device horizontal. For exanple, as

i[lTustrated in TabhBndary, fPfhdSribLast, thalll@mifich sySeabPlteLRitHi ch neans
that the lanp axis can l1e directly al ong y and operate effectively w thout
h

t he usdOof DMk hid adokl miirroswmdatypicdlly frhm Rito drlens elements. | Thenfaldt i on
systens used.with 10 ad fgld m.rror and typical from2 to 4 lens
ol ements. FETebRas Hellpheanodthe piiaebearerntbasd et iiihibace and

o D P I by ) (A SRS AREH b3 B 061 ghapoer o o
possi bl e t dharsnasl. eBefore 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



simpler illumnation systemthat avoided all fold mrrors, because w thout
15 a fold mrror, the DVD device and the TIR prismput the axis of the | anp
at 45 degoaew4desst he hori zontal of the device (and the cairnen)/3758hi s
present invention addresses this problef%by providing a prism face with a
conpound fold which yields a sinplified Tllumnation path. That is, the
prismfolds the illumnation Iight so that the illumnation relay 20 optics

requires NORALATLILONR A mAUbhne LAPURARIGA DD L. hor i zontal

wi t hout any a nal |on systemis si npl er

and has an pvetiaklupsh@htbis da%egbﬁormﬂhmfnat@cﬁl Syte B GpReAtil¥ atconparing
Figure 6 with Figure 1, the invention sinplifies the |ayout of the

i | [umi nat i orF db2mowd pushthe l@m@j ea@hemversoieepzs thietdabigt @ﬁ@cwaréof

enbodi nent s, of the invent ve be cri bed .and ill t ed, isto
e odor ot dB8 schean WaRET | RaMs DAY Sevkiithat TRG Lo RO Aan et GG S 4 ¢ he

I nventi gn’ Sthémv@tatu%aan%@aeﬁth 28 beBRoBledl N the foregoing di scussion,

the projection conponents have been positioned in the rear projection box
with the DVD de\As:enmhértvlaelapsrom], d¢he nmveﬂmscéiﬁ)bpmsadiingyﬁmmamdﬁﬂomar ds the

R ot conemRy MG K1aBroRs DOIDARCS domeX cmptn dngur ek Gngs brishibe.ctg . O
ef f1 o1 ent! %1uged, iy oNoh Qobol) R-AShmath L HiBE oL AR AN PRRYT co

poi nti ng up. i's case ro nlndt I On sy erating-at =

45 woul d pqﬁtsmta@sémibw e b@mS@&WthMDMD% W@ﬁhé}ﬁtIR)ﬂSrlfsmrMﬁE&iﬁf the
screen Bl ane. Wth the invention, the |lanp axis can be 20 or less, and 5

the ovaPal Ifrentfithat asperblanlhthecprior art, @uchAsTIeRamm weand heiogientede

i nvention c used.in s whi ch than one

exanl o Peseatsen i e DBt sc Ana3E iftiRnfigh &3t waslig g E0s) |

For exanpl g foiqd %JiercFr RERAP AN /LR TPl Wlt%éﬂ@??f%@i%f’t}?@ﬁr&%nysed with
2 or 3 DMDs, with a TIR prismplaced in 10 front of that assenbly n the

prior art, isvemtion,Tthe fold srirrewuwhd lxcelimiweatedd at 45 degrees to the DVD

devi ces, and the illum nation system woul av
A variety of other mo«flﬁcatlons wclugh 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.



a fold mrror to re-position the lanp. Wth the TIR prism of the present
invention, the fold mrror can be elimnated. A variety of other

nodi fi catwong/oydssth do not depart fromthe scope 15 and Ppirrisn2/sfsss he
invention will be evident to persons of irdi nary skill in the art fromthe
di scl osure herein. The following clains are intended to cover the specific
enbodi nents set forth herein as well as such nodifications, variations,
and equi val ents. WD 03/ 046655 PCT/ US02/ 37583 -15 Table 1 Present Present
Prior art Invention Invention (FIG 5A) 10 DvD 12 DVD 10 DVMD Device
mrror angle m 100 12 10 ||l um nati onTableerti on angle 22.5 26.5 20 FNO
light cone 3.0 [9.6] 2.5 [11.54] 3.0 [9.6] (FNO & [half angle, U Table 2
Present Invention Present Prior art 10 DVD Invention (FIG 5A) 12 DIVD 10
DVD Prism TIRwedge 03465330345 I"llbltllld(.,t &L—t' a T t Lanp
axis angle | 20.16 16.08 45 Vect or origf‘%sgf’] on [ |358%M103, g T ar
[.543,-.047,.8.39] [.401,-.401,.824] VERION 5c o IREGRLAD g 1 oﬁA?)f
[.928,-.3404,.149] [.995, -.271,.184] [190BMD700,|122DMPDanp 447 PMD

03/ 046655 PCDdys2n3ms8angldér What i $1@91 ai ned i §12° 100
Illumination insertion angle ¢ |[22.5° 26.5° 20°
FNO light cone 3.0 [9.6°] 2.5 [11.54°] |3.0[9.6°]

FNO & [half angle, U°])

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 |[.555,-.123,.823] |[.543,-.047,.8.39] |[.401,-.401,.824]
of TIR face
Vector direction of |[.928,-.3408,.149] [[.995,-.271,.184] |[.700,-.700,.14]
lamp axis




1. Apparatus for producing an inmage on a screen conprising: (A a light
source which produces illumnation light; (B) a panel which selectively
reflects wbloamidesas i on | i ght to produce inmage |ight, saidpPgans&o2smspri sing
a plurality of selectively adjustabl eugff | ecting elenents arranged in a
comon plane, said elenents being adjustable between at |east a first
position and a second position; (C) a projection |ens which receives image
| i ght and }Wﬁgfr'fseccl 1h&4 émage on the screen; and (D) a prism assenbly which
transmits illum nation |ght fromthe Ilght source to the panel and

transmts image 1l.i ghtAgpagatidfor pradatingdrt 18agé ohecsdreen cemprishgg:d prism
assenbly conprising a prismuwhich conprises: (1) a first face which
receives illuni k&i orﬁl lighfnsouree mhiele prodypes IHBmléléth(ll lighta second face at

e LT Nt L R SRESI, ld A0TT R h  ec
transmits illum nati Qﬁla'g'egfgtht"‘éﬁlﬁ'bam%oﬁl%fris‘i‘ﬁ$@Cblﬁi‘é)lnﬁytmeff&‘ﬁ%%fface to

the panel; wherein: (a) the second and aces transmt image |ight
whi ch has reflected afdnmtableerqﬁkmtahgted»emhetqoan]a@(gedonal@xmmoarp;la(lb) t he

first face and the seco face ach C e edge whi ch.
i ntersect at an angl éab‘fg]ﬁ%‘% 8?@@8%%@ et\}/ M CAPSIHRr sect

at an angle | ess than %] &md @agpar at us of Clalml vvhereln. (1) the
l'ight source defines a urce axis; (ii) the panel defines a
hori zontal axi s;(Cand aVﬁcﬁ)@:itMﬁl@ﬁ5 WAGER WSO 3T ffi3ge 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



-17 (iii) the angle between the |ight source axis and the horizontal axis
is less than or equal to about 20. 3. The apparatus of Claim1l wherein:

(1) the tworod/ofies® has a bottom edge; (ii) the panel defi meg/moeTs8ZONt al
axis; and (iii) the angle between the tom edge and the horizontal axis
is less than 45. 4. A rear screen projector conprising: (i) the apparatus
of daim1l; (ii) a cabinet which houses the apparatus of aim1l1; and (iii)

a screen carri egiliﬁ]y ttﬁga thtwe;é%otgl v% < d ‘Sea grizgg(tatlg%s

apparatus of d 17s aye parat us or pro uci'ng an image on a

screen conps léssiBan dp@q@ﬂtbgbbuﬁgg‘r ce which produces illumnation Iight;
(B) a panel which selectively reflects illumnation |ight to produce image

light, said pand cone appayaguppfiClaim | volterestiect i vel y adj ust abl e
reflecting el enents in,a c Iane sai d el enents being

adj ust abl e bet \:@gn at%flﬁﬁg@df&% hps qu}gg ® and a second position; (O a
proj ection |ens i CQhé%%'el’@@ﬁhé@g?lohzgmal%ﬁspéxﬁﬂuces the inage on the
screen; and (D) @ prismassenbly which transmts illunmination |ight from

t he Ilght sour ¢Bi)t 0 thhengimbetverenh thednsboms dgeegel theghorizomal ks ispanel to

the proj ec i on Ieni said prismassenbly conprising: (I) a face which
recei ves |I %n light fromthe |ight source; (lI1) a face which

e S L ot
the projection (l)ens;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:



wherein: WD 03/ 046655 PCT/ US02/ 37583 -18 (a) the prism assenbly conprises
at | east one surface at which total internal reflection occurs; and (b)

t he opti cwio patdssbet ween the |ight source and the face whirch/uSozessyes
illumnpnation light fromthe |ight sour ggg_i s unfol ded. 6. The apparatus of
Claim5 wherein the at | east one surfac directs illumnation light to the
panel . 7. The apparatus of Claim5 wherein: (i) the light source defines a

1gnt source axigj  Ghblouldi RAAEHLIGIAGSe Sah Rt 8k Ahufith Sic Al (111) the

angl e between the’ |ight "source axi orizontal axis is less than
or equal taotdlanter2@l réfleckivn eqpas;ains of Claim5 wherein: (i) the face

which transmts illumnation Ii%gt to the panel and receives inage |ight
reflected from the pdhelopkigal Rabibbetarreadde Light Jourge apdibe faes Wlhé‘gl a

o on = ot Nk AL RSB EIS g ecoe e (e

(i) the apparatus of TQehppdratls of Chaiaabiwiéreilitsd abluiseorich@rfipar at us of
Claimb5; and (iii) a screen carried by the cabi net upon which the inmge

formed by difeetapbemanagoniight 4 thépaseldi spl ayed. 10. A nmethod for
i oht Troma 11 ght SOUREPEG4u5P] CITABSEMR Y { hout turning the -
Lo P PSS SO Hle b thanitat o s 1] Lo
sel ectively adj i) ablthe pagfel definagadioeiventsl axispamged in a common pl ane,
said el ements be(ii?)g 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;



adj ust abl e between at least a first position and a second position; (c)
formng image light fromsaid illumnation Iight at the panel; W 03/046655
PCT/ US02/Ww0588466519 (d) transmtting the inmage |ight throwgh/udoz3ss sm
assenbly and to a projection |ens; an e) transmtting the inmge |ight
through the projection lens to formthe imge. 11. The nethod of Cl aim 10
wherein in step (b), the illumnnation |ight undergoes total internal

reflection. 12. e 2964 is el ' | i
transmtted bet a-)gn ?ﬁ% prlltis%%gaqggelﬁo% 12%1}% t?’ﬁgu%ir?gjhéeg’?%% alsgér%b%kl'is% %ut
t urni ng t heo prpefgsiondendj 4dti on of said light. 13. The nethod of C aim 10

wherein the inmage light is transmtted between the panel and the
proj ection | ens (@) t hétansmthingdhermagsrlighigdepugh dhe eejestionfenstal | i ght .

form the image.

11. The method of Claim 10 wherein in step (b), the illumination
light undergoes total internal reflection.

12.  The method of Claim 10 wherein the image light is
transmitted between the prism assembly and the projection lens without
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.



