WD 02/ 086549 PCT/ US02/ 11660 -1 5 METHODS AND APPARATUS FOR POSI TI ONI NG
OPTI CAL PRI SM5 CROSS REFERENCE TO RELATED PROVI SI ONAL APPLI CATION This
appl i cat iwo oclosisns t he benefit under 35 USC 119(e) of U. SpcRruvez/sicomal
Application No. 60/285,342, filed April 20, 2001, and entitled 10
"Separate Quad," the contents of which dre incorporated herein in their
entirety. FIELD OF THE I NVENTION This invention relates to nethods and
apparatus for accurately positioning one or nore optical prisns in an
optical assenbly. More 15 particularly, the invention relates to accurately
positioning the diagonal of an optical prismwhere the diagonal divides
(or is adapted to divide) incident light into a transmtted portion and a
reflected portion. Accurate positioning of such a light-dividing diagonal
is of inportance since msalignment of the diagonal causes mi sdirection of
reflected light and the 20 introduction of parallax into transmtted |ight.
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FIELD OF THE INVENTION
This invention relates to methods and apparatus for accurately
positioning one or more optical prisms in an optical assembly. More
15 particularly, the invention relates to accurately positioning the diagonal of
an optical prism where the diagonal divides (or is adapted to divide)
incident light into a transmitted portion and a reflected portion. Accurate
positioning of such a light-dividing diagonal is of importance since
misalignment of the diagonal causes misdirection of reflected light and the
20  introduction of parallax into transmitted light.
BACKGROUND OF THE INVENTION
Optical prisms having light-dividing diagonals are used in a variety
of optical systems. In recent years, a particularly important application for
such prisms has been in projection systems which employ Liquid-Crystal-
25  On-Silicon (L.CoS) panels. .
The architecture and principals of operation of one such system are
described in M. Robinson, J. Kogan, G. Sharp, and J. Birge, "High Contrast
Color Splitting Architecture Using Color Polarization Filters," SID 00
DIGEST, pages 92-95. This system employs a COLORQUAD™ prism
30  assembly produced by Colorlink Inc., of Boulder, Colorado. This prism

assembly in conjunction with three LCoS panels provides excellent contrast



engine utilizing such a prismassenbly has been denonstrated (CES, Las
Vegas, Nevada, 2001). Exanples of other architectures enploying prisns

havi ng | iwybto2®saitvi di ng di agonal s can be found in, for exaepluse2/Osemer et
al., US Patent No. 6,273,567 Bl, Huang et al., U S. Patent No. 6,304, 302
Bl; Huang et al., U S. Patent No. 6,30%071131; Johnson et al., U S.
Patent No. 6,183,091 Bl; and Japanese Patent Publication. No. 10-253922. _
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something is wrong with any of the cemented components (scratched,
15 displaced, tilted, etc.), the entire assembly must be rejected. Accordingly,
the COLORQUAD™ agsembly suffers from low yields and high assembly
costs.
The second major problem with the COLORQUAD™ gssembly
relates to its manner of use. In an optical engine, three L.CoS panels are
20  used with one COLORQUADT™ aggsembly to create a color image on a
screen. At the screen, all three images (red, green and blue) should coincide
with each other with a very high degree of accuracy, which can be achieved
by tilting and displacing of the panels (convergence). After completing this
process the panels are fixed in space.
25 Simultaneously, red, green and blue light patches from the
illuminator should overlap the corresponding panels. Any misalignment in
the COLORQUAD'I)'M assembly cannot be compensated for by moving the
panels themselves (they are fixed as described in the previous paragraph)
and will require increasing the light patch from the illumination system to
30  provide complete illumination of all three panels. This significantly reduces

the throughput of the optical engine from its theoretical maximum value.



-3 The overl apping of inmages through the illum nation path of the
COLORQUADTM assenbly depends on the accuracy with which the assenbly is
const ructwo cafossseannot be conpensated for once the assenblPgT/ysovtwss has
been conpleted. In the other words, the COLORQUADTM 5 assenbly nust be
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an entire asse y due_.to damgge of y one C'(i onent,. acti al i gnnent
during cenenti ngtineyYEidRRIngE TMagss t faehyhe & TR RTRPA] enbly. 10

In view of AAD L o d L1 .ect. . of l: RV ion to

provi de i mé@@gﬁ%}q%dsagénegn%%p(gérbg& %%?1 otrh%p%(%p? ?@Lﬁgp@# H((g)}bﬁ[bf:al prismns.

It is a furdsbembdpjLednstiudtbé andvihinod betcdniPehehbsl forursathe REGRBEy and

apparatus for positioning a plurali tg of optical prisnms wthout the need
€

for cenent iprgcessdws heansemnpletede laitbe other wordsuhvaRO GO RABAINVENTI ON | n
accordapce with first aspect, the _.inveniiqn provides,an optical ,6assenbly
Compr | 8 Png AP ARPLY TEhe SeTHed SRER R BBy v Bot SRS AE |ty

of sides, | YO i -Sai q Rk |

conpri si ng:aq{g%ﬁ%llge) firr géto’%@ﬁégéﬂﬁ‘éﬁ%%ﬁ&pﬁ% ﬁgs,' Qf;%%ﬁé%?ﬁgh?"é élﬁgésn a
surface thatrobknmpaf adjeetinpar detich agendlly drdo(ddhage bf nay omechani cal

ref erence surface for the top of the diagonal and a second nechani cal
ref-er ence $OQEIMEIEEoRctiYhaligemesihdsringeeaenigas ancreages the fipgl eosiolisi ng

conpri sing:,.(i | hbny fixed nmechani cal references, each of which
i s adapt edt é%%gg;gé%bof a?%]eénﬁ)%r'st mechani cal reference surface, the

second 1gechani cdh viekesfeiheSorsdtihAGe is ah objddt oS the peeseait ihkentibh$e1 and 30
(ii) a locking el enment which engages a second side of the
provide improved methods and apparatus for positioning of optical prisms.
It 1s a further object of the invention to provide improved methods
and apparatus for positioning a plurality of optical prisms without the need
for cementing those prisms to one another.
15 SUMMARY OF THE INVENTION
In accordance with a first aspect, the invention provides an optical
assembly comprising:
(A)  at least one prism which has a top, a bottom, a plurality of
sides, and a diagonal which has a top and a bottom, said prism comprising:
20 @) first and second sub-prisms, each of which has a surface
that is parallel to the diagonal, and

(i)  a first mechanical reference surface for the top of the
diagonal and a second mechanical reference surface for
the bottom of the diagonal; and

25 (B) a housing comprising:

@) a plurality of fixed mechanical references, each of which
is adapted to engage one of the first mechanical
reference surface, the second mechanical reference
surface, or a first side of the prism; and

30 (i)  alocking element which engages a second side of the

prism and presses the first side and the first and second



prismand presses the first side and the first and second WO 02/ 086549
PCT/ US02/ 11660 -4 nechanical reference surfaces against the plurality of
fi xed nmecwennosds4y ef erences. I n accordance with a second REPpASH2/11t6hE
invention provides a prism which has a top, a bottom a plurality of
sides, and a diagonal which has a 5 tcré'and a bottom said prism
conprising: (A) first and second sub-prisns, each of which has a surface

that is parallel to the diagonal; - first mechani cal .reference
Surface for the top of |t haiSAgRsTeIRER SEEGRT BEalizh Cas EURALER B 1 he
paral | el -to-the-di agonal glQ SHELRGS S rdfbRrdcbE St sub-prism above the
paral l el -to-the diagonal surface of the second sub-prism and (C) a second
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second sub-pris n.accardan W th a third aspect, the invention provides
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reference surface for the top of the 20 diagonal; (B) providing a second
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plural 0y of fixed surface of the first sub-prism above the parallel-to-the-
diagonal surface of the second sub-prism; and
(C)  a second mechanical reference surface for the bottom of the
diagonal which comprises an extension of the parallel-to-the-
diagonal surface of the first sub-prism below the parallel-to-
15 the-diagonal surface of the second sub-prism.
In accordance with a third aspect, the invention provides a method
for positioning a prism, said prism having a diagonal which has a top and a
bottom, said method comprising:
(A) providing a first mechanical reference surface for the top of the
20 diagonal;
(B) providing a second mechanical reference surface for the bottom
of the diagonal,;
(C)  providing a plurality of fixed mechanical references, each of
which is adapted to engage one of the first mechanical
25 reference surface or the second mechanical reference surface;
and
(D) applying a force to the prism to press the first and second
mechanical reference surfaces against the plurality of fixed
mechanical references.

30 In accordance with a fourth aspect, the invention provides a method

for positioning a prism, said prism (i) having a diagonal which has a top



mechani cal references. 30 In accordance with a fourth aspect, the invention
provides a nmethod for positioning a prism said prism (i) having a

di agonal wbiocisdsas a top WO 02/ 086549 PCT/ US02/11660 -5 a@cd/usobotebeom and
(ii) conmprising first and second sub-prisns, each of which has a surface
that is parallel to the diagonal, said et hod conprising: (A) providing a
first mechanical reference surface for the top of the diagonal which

conprises an .extension qf.the parallel-to-the 5 diggonal surfac f. the
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term nol ogy should not be 25 interpreted as requiring any particul ar
orientation of the phrewidings plusaliseef fizedmachapicad rgfereners, eagh of t he
prism need not be * u%;hljcﬂ i8 adapted to engage one of the first mechanical
reference surface or the second mechanical reference surface;
and
15 (D) applying a force to the prism to press the first and second
mechanical reference surfaces against the plurality of fixed
mechanical references.
The foregoing summary of the various aspects of the invention, as
well as the claims appended hereto, refer to the prism of the invention as -
20 having a "top" and a "bottom". The summary and the claims also use the
terms "above" and "below." This "top", "bottom", "above", and "below"
terminology has been adopted to facilitate the description of the invention
and is not intended to and should not be interpreted as limiting the
invention in any manner. In particular, this terminology should not be
25  interpreted as requiring any particular orientation of the prism with
respect to gravity, e.g., the top of the prism need not be "up" in a
gravitational sense, but could be "sideways" or even "down" in a
gravitational sense. These considerations also apply to the rest of the
specification and the drawings.

30 Additional features and advantages of the invention are set forth in

the detailed description which follows, and in part will be readily apparent



gravitational sense, but could be "sideways" or even "down" in a
gravitational sense. These considerations also apply to the rest of the
speci fi cawDo/0gasao t he drawi ngs. 30 Additional features anacCadsanimees of
the invention are set forth in the detailed description which follows, and
in part will be readily apparent WO 02/ 86549 PCT/ US02/ 11660 -6 to those
skilled in the art fromthat description or recognized by practicing the
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Figure 1 is a schematic diagram illustrating the four components of a
"Separate Quad" constructed in accordance with the invention.

15 Figure 2 is a perspective drawing of a prism, specifically, a
polarization beam splitter (PBS), constructed in accordance with the
invention.

Figure 3 is a schematic diagram illustrating the position of
mechanical bases and locking elements, e.g., spring-loaded lockers, for use

20  with the Separate Quad of Figure 1.

Figure 4 is a schematic diagram illustrating another embodiment of
the invention employing three prisms and a wire grid polarizer.
Figure 5 is a schematic diagram illustrating a further embodiment of

the invention employing two prisms and two wire grid polarizers.

25 The reference numbers used in the drawings correspond to the
following:
5A  blue LCoS
5B  red LCoS

5C  green LCoS
30 7 light from illumination
9 light to projection



25 The reference nunbers used in the drawi ngs correspond to the follow ng:
5A blue LCoS 5B red LCoS 5C green LCoS 30 7 light fromillumnation 9

i ght to woopesdsion WO 02/ 086549 PCT/ US02/ 11660 -7 11 ovecalusopptsbeal
assenbly 13 prismdiagonal 15A prism 15B prism 5 15C prism 15D prism 17A
| onger sub-prism 17B shorter sub-pri sm/t9A top mechani cal reference
surface 10 19B bottom nechani cal reference surface 21 | ocking el enents

(represented by apen arr in Fiqure .3 with the point of the arrow
engagi ng a si de ]gf tf?é’%‘%l@ﬁ%mﬁga © elEllymachani cal references (represented

by closed arrowheads sy, digusgal3 Wi th the point of the arrowhead engaging
either a 15 nmechanical reference surface or a side of the prism 25 filter
27 wire grid polldA zgriddRTAI LED DESCRI PTION OF THE | NVENTION I n certain
enbodi nents, the present invention provides an opto 20 nechani cal assenbly
11 (also referr o H&¥®8in as a "subassenbly") of four prisns or prism
units 1%, whi ch fweg}gmforma "Quad" or "Separate Quad" for use in a
reflective LCoS projection system As shown in Figure 1, the

15D prism
17A longer sub-prism
17B  shorter sub-prism _
19A top mechanical reference surface
10 19B  bottom mechanical reference surface
21 locking elements (represented by open arrows in Figure 3 with
the point of the arrow engaging a side of the prism)
23 fixed mechanical references (represented by closed arrowheads
in Figure 3 with the point of the arrowhead engaging either a
15 mechanical reference surface or a side of the prism)
25  filter
27 wire grid polarizer
DETAILED DESCRIPTION OF THE INVENTION
In certain embodiments, the present invention provides an opto-

20 mechanical assembly 11 (also referred to herein as a "subassembly") of four
prisms or prism units 15, which together form a "Quad" or "Separate Quad"
for use in a reflective L.CoS projection system. As shown in Figure 1, the
prism subassembly 11 consists of four pre-assembled components 15A, 15B,
15C, and 15D.

25 Components 15A, 15B, 15C, and 15D are each a polarization beam
splitter (PBS) with components 15A, 15B, and 15C having one optically
cemented polarization filter, while component 15D has two cemented filters.
In each case, the polarization filters can be COLORSELECT™ filters
produced by Colorlink Inc., of Boulder, Colorado. These four components

30 are assembled in the mechanical housing for the light engine to the

required accuracy without any additional alignment. The most critical



prism subassenbly 11 consists of four pre-assenbl ed conponents 15A, 15B,
15C, and 15D. 25 Conponents 15A, 15B, 15C, and 15D are each a polarization
beam splwDtoe08¢sPBS) with conponents 15A, 15B, and 15C hawcagisoneieepti cal |y
cenented polarization filter, while conponent 15D has two cenmented filters.
In each case, the polarization filters ®an be COLORSELECTTM filters
produced by Colorlink Inc., of Boulder, Colorado. These four conponents 30
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positioning point of view are the diagonals 13 of the four polarization
beam splitters. Twppvideé déghhghuracy doraeymp onemopgeatieningy dbe tHB$i ng, t he PBS

preferably has the shape shown jn Figure 2. Each PBS consists_ of two 5
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the | onger "sub-prismto used as nechani ca eference 715 surfaces 19A
and 19B0f ortrpdendme M CARTESIAN POLARIZERs&e Paiaite [naRepobtissenbl y
preferably consists_ of atop plat bottom pl ate and four_ | ocking el ements
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et es have U L5 e 6 BeTRLS (PSP 158l R G F hpelbifhfen 50
set, two pa®s @h6r kdb-prism 17B, which allows the open or extended sections of the
diagonal surface of the longer sub-prism to be used as mechanical reference
15 surfaces 19A and 19B for positioning.

The housing for the Separate Quad subassembly preferably consists
of a top plate, bottom plate and four locking elements 21 (e.g., spring-loaded
lockers), one per each PBS. The top and bottom plates have four sets of
three pads (mechanical references), with each set forming a base for its

20 respective prism 15A, 15B, 15C, and 15D. In each set, two pads are in
contact with the PBS’s diagonal and one in contact with a side surface of
the PBS, as shown in Figure 3 (pads or mechanical basis shown in the
drawing as black triangles/arrowheads).

Each PBS is placed against its own set of pads as shown in Figure 3.

25  The spring-loaded locker forces the PBS to slide along the diagonal until
full contact between the glass and the mount is achieved. In this method of
assembly, the position of each PBS is determined by the position of the
mechanical pads which can be fabricated to the required accuracy.

Figures 4 and 5 show variations of the system of Figure 1 wherein a

30 wire grid polarizer has been substituted for one (Figure 4) or two (Figure 5)

of the polarization beam splitters. The remaining PBS's (15B, 15C, and



contact with the PBS s diagonal and one in contact with a side surface of

the PBS, as shown in Figure 3 (pads or nechanical basis shown in the

drawi ng awolkmgds4e ri angl es/ arr owheads). Each PBS is pl ace®Cagsonstesd t s own
set of pads as shown in Figure 3. 25 The spring-loaded | ocker forces the
PBS to slide along the diagonal until il 1 contact between the glass and
the nmount is achieved. In this nethod of assenbly, the position of each
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Fabri cat ed 1P PREeeslril BhiuPh i mis SEIP R0 s BRSRVRRAREFBR "or the
system of RygblEBownViREFRiRe @ aPtid heulinstoP ehadd PBS'@sll hges substituted
for one (Figure 4) or two (Figure 5) of the polarization beamsplitters.
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NOXTEK ( O SHONPER Qnpm, TiEr USHY rrleritox BR Q&K iradbmask s Seeatso Upsat ent

No. 6,122, , m,.t egoing, it can be seen that the prism

posi ti-oni népagﬁgféﬁﬁ 61%?‘8%"% invention has the follow ng benefits:.1.. The
system provi des Brof{ ORs FdregsiRR dar'Bt Bosh Y EthdPRgm PNt ibRAH: &ftem
alignnent. 2. The accuracy of a diagonal's positioni ng does no epend on

t he PB$0geafthe ynwentide has ¢the dolyowing bhendfitkt ers (e.g., 15 COLORSELECTTM

filters) nmounted on the PBS. Rather, it depends on the accuracy of the pad
posi tioning and lspacéale %ﬁﬁ’t?‘&ﬂwdﬁﬁ ? Hrepmn Béseiﬁﬂgbi wedhy V‘f}&glﬁ deas ed

mechani cal  conmponent, g, require alignment.

2. The accuracy of a diagonal's positioning does not depend on -
the PBS geometry or the accuracy of the filters (e.g.,

15 COLORSELECT™ filters) mounted on the PBS. Rather, it
depends on the accuracy of the pad positioning and spacer
geometry, which can be provided by fabricated mechanical
components.

The system provides low assembly costs.

20 4, The system provides high assembly yields since if one of the
components in the assembly is damaged or defective, it can be
replaced without damaging the other components.

Although specific embodiments of the invention have been described
and illustrated, it is to be understood that modifications can be made

25  without departing from the invention's spirit and scope. For example,

although it is preferred that each prism and its associated light-‘dividing
diagonal is positioned independently of all other prisms in an assembly, the
invention can be employed for only a subset of the prisms of an assembly
(including only one prism of an assembly), with the remaining prisms being

30 cemented together and positioned as one or more groups.



3. The system provides | ow assenbly costs. 20 4. The system provi des high
assenbly yields since if one of the conponents in the assenbly is damaged
or def ectwoaz/08d¢s4can be replaced w thout damagi ng the ot ReT/tSonpwhEnt s.

Al t hough specific enbodi ments of the |nvent|on have been described and
illustrated, it is to be understood t hatYnodi fi cations can be made 25

W t hout departlng fromthe invention's spirit and scope. For exanple,

al though it is prefernted that each pri.sm iv{.S.,ass tedI| ht -.di vi di ng
i agonal 15 pos Ry MU yath Ble BRI ATy iy PRR Sl Sy |
the i nvenyifhiedRyeheIPde¥sdcilight H@ht’ based! Bﬁ%lé’ﬁzéﬂ@n RiheSAFeRfioAN
assenbly (including only one prismo6f an assefmbly), with the remaining

prisns bei ngnde Imldewitélcbmsxgehbgonaa]ﬂcthpbdmldeﬂ@lhtéczasedn@nmolwmle% groups. WO
02/ 086549 PC.T/ uso2/ 11360 0 Al so, h ugh the |n§@%“§)n has been
i |1 ustrat e@TISHY ¥, fa%m}as g?ﬁlpmsag"o rGiCERIBRY Rroie RE1SMS h

hased Oﬁig {aﬁ"ﬂa%z% h%@alﬁ?geélﬁgfx%dl%nﬁ%ﬁpaﬁ%"é§esﬂ Wt b P{és il hAggnal s that

di vi de base on co ose di agonals conprise a

di chroi ¢ ceainpiike tHuchublpeldi®d en@ ki slabe pagallehplate bobwsairehg e@ipirisntal
configuration as shown in Fi gure 2 or can_conprise two sub-prisns and a

pl ane par alWhiFhﬁpaﬁ'étlﬁ@ﬁ\kb@mrtsmsélﬂbiﬂwmg dipgatalc dist pleseasnralel prism s
| i ght -divi di di agonal,. .The p al | | at.e xt.end ove and
bel-ow t he ?E]%nt%p(ialns%%teflé a\‘bé’ly fn EiB%ati’ﬁcFu%oBlflg%We@ nti%@atp raé}a(ﬁr ence
surfaces WhipEhn® ROAIBILA rkfefgﬂc&E%&whlc}ﬂgngféﬂ@nﬁféd Hechhfidayi sm s
housing. As a further variation, the nunber of Tixed nmechanical references
used f 20 amefemensdsdefathepniismisdarusing.f er fromthat shown in Figure 3. For

exanpl e, |nstea of fo fixed, mechanic ref erences, for he l'i ght dividing
di agonal , i . CA ﬁéfa%”’@ﬁloé'nah?%@ ertﬁefl%m@ﬁ%lawa refpreatcegan be

used, 15 eu@,?gfwﬁ%gﬁggﬁégg QEAL BAE AU AMAVPERNS SR

Simlarly, houg engagl ng 1l xe cal
at bot h t hexhaiplanichstdal bﬂ@u@ffﬁeﬁan@éhﬁﬁbabrdiéﬁfrﬁ:ééﬁﬁ' tlwwlegleﬂ‘ divi@img fi xed

mechani cal references

diagonal, i.e., two at the top and two at the bottom, only three can be used,

15 e.g., two at the top and one at the bottom or vice versa. Similarly, although
the use of side-engaging fixed mechanical references at both the top and
bottom of the prism is preferred, one of these fixed mechanical references
can be eliminated if desired. More generally, the minimum number of fixed
mechanical references needed to define the position of the light-dividing

20 diagonal is four -- three which engage the diagonal and one which engages a
side of the prism, with the locking element being appropriately located to
effectively press the prism against the four fixed references.

As to locking elements, although spring loaded lockers are preferred

because of their low cost and ready availability, other force applying locking

25  elements can be used if desired. For example, lockers which employ a
resilient polymeric material which is compressed during positioning of the
prism can be used, rather than a metallic spring. A turn screw or similar
mechanical force generator, e.g., a cam mechanism, can also be used for this
purpose if desired.

30 Additional variations include using prisms of differing heights with

the housing and its associated fixed mechanical references being adjusted to



can be elimnated if desired. More generally, the m ni mum nunber of fixed
mechani cal references needed to define the position of the Iight-dividing
20 di agoraD o2msdseur -- three which engage the diagonal ana@Canesowniceh
engages a side of the prism wth the |l qcking elenment being appropriately
| ocated to effectively press the prisﬁﬂégainst the four fixed references.
As to |l ocking elenents, although spring | oaded | ockers are preferred

because of their | cqQst and ,r.ead ai,l abi.lit ot her force applying
Pocki ng 252 EPaHBATAeCHoss HeRE b b8 NP 6Fh BT A $eBPETer s whi ch
enploy a r %ﬂﬂ@ht%ﬂ'. VIRES s c0BbA W iRh thBEEHr beh<tUMbESiSEchtd Ut id Housing
positioning of the prismcan be used, rather than a netallic spring.
turn screw am,sind tyancallpwhinioaprite nodtipde eomponents gpnneataxhin omehani sm
can also be used for this purpose if desired. 30 Additional variations

i ncl ude usi #PYefsms of differing heights with the housing and its

associ ateed fi xed [ ef i L d [.886549
PCT/ US02/ 11660 Iﬁagfgﬁgdfmﬂd@oﬁg@g%ﬁ%@g%ﬁ?%%fgélwé*%ﬁt% F%ééh%}%g%ﬁg can have a
stepped comfechanithl 8eferdceCanfiantsi KON whtlh IR ese vary bbtlebetiidadprieniss, t he

housing can, and typically wll, conprise nultiple conponents connected to
one anot heand/or ffor agivar prismo e mechaninad refereinde sumiace h3hgande t he

or 1 o andlPBECT SR (o SRR NEtR) TG ench SUHaRt diP FeroRBRb LR Al 10A
can be | onggs dfneikibRE oI t&ErddiaBur RS EAR &i'ffefré’ﬁ@fogfgﬁfﬁ fnta gl ven

prismand the dinensions of the reference surfaces can b erent for
di fferet I1fripmssmean assemblysehisbyalthbagh wsindbwgkubsirigns wb diffdrepti sns  of
di fferent eights is the preferred approach for producing the, nechani cal
ref erence g@@%&%b%’eh%mﬁerr&émmeﬁ@s?Q,ramwé@cu&’eﬂlq meghapicalrefergnce gne of

the sub-pri sk, £an. b LOLORGI LI, B JIBEHE AEd, L0 DBV ERLOLRELIRG, PORLT ons

at !tS f[Op an serve as_ mec I re_ erence urr aces or
proj ecti onscH@Pe (rhed afitlaeh ethdiindd $6/Bapk pehjedtingdortivonk babtLtopedmdt or

ot her fixation
bottom which will serve as mechanical reference surfaces or projections can
15  be attached to a sub-prism using a suitable cement or other fixation
technique.
A variety of other modifications which do not depart from the scope
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

20  the specific embodiments set forth herein as well as such modifications,

variations, and equivalents.



technique. A variety of other nodifications which do not depart fromthe
scope and spirit of the invention will be evident to persons of ordinary
skill in wba2/08s589 fromthe di sclosure herein. The foll ow egTalsaz/meéar e
intended to cover 20 the specific enbodi nents set forth herein as well as
such nodi fications, variations, and eq&?val ents. WD 02/ 086549

PCT/ US02/ 11660 -12- What is clained is: 1. An optical assenbly conpri sing:
(A at Iea%oge aréi.sm which has a top, a bottom a plurality of sides,
and a di agonaft fhi'éhif4d%a top and a bottom said prismconprising: (i)

first and second sub-ppi3pRal R&LIIly Wl hsings a surface that is parallel
to the diagonal, and (ii? a first nechanical reference surface for the top

of the diagonal(Aand = lsasioouk peEsimwihieh hnefadopnadosionh ax pldmlitytoie bot t om
of the diagonal; and (B) a_hqusjng conprising: (i) a plurality of fixed
mechani cal %@@g&g}am 1ICRAASH tqpsala%agwgomowﬁg%%%w@wsm% first
mechani cal reference.surf e oL nj ce, or
a first side of the S(%)l smﬁ%ﬁcﬁl n&f%cagﬁgggﬁég?&% %@n?{%?%@%ﬁaasgys&a

second side of the prisminagiphassles tolbeldingénal, dadand the first and
second nechanical reference surfaces agai nst the plurality of fixed

nmechani cal referencedii)2. afiestopecbanicabsefatincecurtics for thedep ef the (a) the
TSt mchan ool rof er chce cur o8 £AIRLLSES, A0 SUSTB 0N OLIE 1
parall el -to-the-diagonal sgifiageAfortihe d?&%cﬁfbﬁ; S§HR-prism and (b) the
second nechani cal reference surface conprises an

(B) a housing comprising:

(1) a plurality of fixed mechanical references, each of which
is adapted to engage one of the first mechanical
reference surface, the second mechanical reference
surface, or a first side of the prism; and

@) alocking element which engages a second side of the
prism and presses the first side and the first and second
mechanical reference surfaces against the plurality of
fixed mechanical references.

2. The optical assembly of Claim 1 wherein:

(a)  the first mechanical reference surface comprises an extension
of the parallel-to-the-diagonal surface of the first sub-prism above the
parallel-to-the-diagonal surface of the second sub-prism; and

(b)  the second mechanical reference surface comprises an
extension of the parallel-to-the-diagonal surface of the first sub-prism below
the parallel-to-the-diagonal surface of the second sub-prism.

3. The optical assembly of Claim 1 wherein: (i) the prism has
third and fourth sides, and (ii) the first, third, and fourth sides are adapted
to transmit light during use of the optical assembly.

4. The optical assembly of Claim 1 wherein the assembly
comprises four prisms arranged in a quadrangle, each of the prisms having

a first side, a second side, and first and second mechanical reference



extension of the parallel-to-the-diagonal surface of the first sub-prism
below the parallel-to-the-diagonal surface of the second sub-prism 3. The
opti cal aweanioBss4of Claim 1 wherein: (i) the prismhas tRcrdsantiebourt h
sides, and (ii) the first, third, and fqourth sides are adapted to transmt
i ght during use of the optical assenbl§:‘4. The optical assenbly of Caim
1 wherein the assenbly conprises four prisnms arranged in a quadrangl e,

each of the_prisns_havin a.first side,. a.,secqnd.side, and first and
Second mechaHiIB%® PERAPEoSs 63PBBER S -PERROES TsEE e 8fift aces, and
t he housi ngloeRIY éleBfedts fdedBEHRIH LR pR{ghgnces and [ ocking el ements for
each of the four prisns. 5. The optical "assenbly of Caiml1l wherein the
assenbly conpriBes t hecopticad reesemdlynofVClainy il ivthereliathe essembbnged in a

guadrangl e, each of the prisns having a.first, side, a second side, .and
first and SCUBRESeHHUIEHHNNS PO BERERdmolEiaeT AFANERE IAASRAF AP | ses

fixed mechaglgale tl{eiﬁfféﬁg%eaﬁr%ﬁgqoﬂtiz%géidbg aeée\‘,?\:gﬁ&tsfdé, %%1deﬁ1°§1 a‘%{% %/&‘811&” ee

prisns. 6. e opti asse alm 1 Wherein’the asse conpri ses

two prisns medhimealréfer@idetsuidh@s| aad $hahoarfatcimpises fiadd angdleniedch of
the prisns having a first side, a second side, and first and second
mechani cal referansae endUpekingselements Fur dashifihedbiies bEism<i xed nechani cal

ref erences and | gcki ngywel enent.s for ,eac f. the two.prisnms, 7,. A prism

Whi ch has_ -t op, Ba ot Bu P CH)Aseare ob TaipdevheRil 5hE GRseOhl i oh has
a top and acdibtiond v§aididd AN GRS pblikiddit sbrAfbRERNd SU- pPr SIS,
each of which has a surface that is parallel to the diagonal; (B) a first
mechani cal qeddrarnte eachfddhefpristhbbavopg affirkheiddi ageoahd side, ahddospr i ses

an extension of the parallel-to-the-diagonal surface of the fjrst,
sub-prism a%@ée@%i wﬁﬁan&al reference sHriaensannd the Joaisyis epaprEsesHged

Sub-pri sm - andh{ Qo rSREONGTREANLAR oleRlSHENPRHI AR £:05 philfPot t om of

t he
7. A prism which has a top, a bottom, a plurality of sides, and a

diagonal which has a top and a bottom, said prism comprising:

(A) first and second sub-prisms, each of which has a surface that is
parallel to the diagonal,;

(B) a first mechanical reference surface for the top of the diagonal
which comprises an extension of the parallel-to-the-diagonal
surface of the first sub-prism above the parallel-to-the-
diagonal surface of the second sub-prism; and

(C)  a second mechanical reference surface for the bottom of the
diagonal which comprises an extension of the parallel-to-the-
diagonal surface of the first sub-prism below the parallel-to-
the-diagonal surface of the second sub-prism.

8. The prism of Claim 7 wherein the prism has four sides, three

of which are adapted to transmit light during use of the prism.

9. The prism of Claim 7 wherein at least one of the prism's sides

comprises a filter.

10.  The prism of Claim 9 wherein the filter is a polarization

converting filter.



di agonal which conprises an extension of the parallel-to-the- diagonal
surface of the first sub-prismbelow the parallel-to- the-diagonal surface
of the seword/osashe pri sm 8. The prismof Caim7 wherein rla/ysor/swehas four
sides, three of which are adapted to t%?nsm't | i ght during use of the
prism 9. The prismof Caim?7 wherein at | east one of the prism s sides
conprises a filter. 10. The prismof Caim9 wherein the filter is a

pol ari zati on cqRvertyn i hteer. 086549 PCT/ - A
met hod for posi ?‘iri(‘)ni r%n%t{ﬁ?gg?%p%%gagéﬁg%r#g\lﬁ S%d;%%gsl%(éé%ag’g gavﬁ%lé%#af}as a
top and a R@gticRMasSAtsh ABRY ROsbieaPEAisl MethddeoRiRWiAgng a first mechani cal
reference surface for the top of the diagonal; (B) providing a second
mechani cal ref el&nhce psavidace af forst hechsati¢ad mefeybntd eutfiaae forathe o@)ofghevi di ng
a plurality of fixed nechanical references, each of which is adapted to
engage one of the fi (g8 hani cal reference surface or the second

mechani cal referpnce : i i to
Trecat ba 1 vt GNGE PIUHIAE R PO bifenRReal Bt rBnbOLE b i thohdtEily
plurality of fixed mé¢hadiggdnaleferences. 12. The nmethod of Caim 1l

wherein: (a) the prismhas a side; (g%f_i n steg (O, a fixed mechani cal
reference is prdé¥) dedrariding iasplugalipt eldfixesd meghanicahselsrencesapechipf in step

(D10 Lo P oot Sy Mol R ey Pl o < eree
reference surface or the second mechanical reference surface;
and |

(D) applying a force to the prism to press the first and second
mechanical reference surfaces against the plurality of fixed
mechanical references.

'12. The method of Claim 11 wherein:

(a) the prism has a side;

(b)  in step (C), a fixed mechanical reference is provided which is
adapted to engage the side; and

(b)  in step (D), the force presses the side against said fixed
mechanical reference.

13. A method for positioning a prism, said prism (i) having a
diagonal which has a top and a bottom and (ii) comprising first and second
sub-prisms, each of which has a surface that is parallel to the diagonal, said
method comprising:

(A)  providing a first mechanical reference surface for the top of the
diagonal which comprises an extension of the parallel-to-the-
diagonal surface of the first sub-prism above the parallel-to-
the-diagonal surface of the second sub-prism;

(B) providing a second mechanical reference surface for the bottom
of the diagonal which comprises an extension of the parallel-to-
the-diagonal surface of the first sub-prism below the parallel-

to-the-diagonal surface of the second sub-prism,;



di agonal which has a top and a bottomand (ii) conprising first and second
sub-prisns, each of which has a surface that is parallel to the diagonal,
said netwod2osipe i sing: (A) providing a first mechani cal pCafusozrneed surf ace
for the top of the diagonal which conprises an extension of the

paral |l el -to-the- diagonal surface of th&ofirst sub- pri sm above the

paral l el -to- the-diagonal surface of the second sub-prism (B) providing a

second mechani c ref erence surface for.the bottom .of .t he diaggnal which
compr 1 ses an extGhsi GROBHIERE HATARPLTL FHet ERELBPIgRARIe SOrPatecbp! t he
first sub-prism bel ow#idg iQ%HﬁBl:é‘d to &sddiortt 8oMAtirFUhb@tmief) t he second
sub-prism WO 02/086549 PCT/USD2/11660° -15 (C) providing a plurality of

fi xed mechani cal ref ecforenss sedabe of thevbé@ndi meahapicatiréforangagafane of the
first nmechanical reference surface or the second nechani cal reference
surface; and (D) apﬁ‘lnﬁ ng a force to the prismto press the first and

d hani ' | i f fixed
mechani cal rof efBhc e PEIRER BHEL BE B BIRMY phaS dlefih ab Qeoniied
has a side; (b) in stegcHicalarcfivende BaEMARBE aahidsEithE phelity difdedded whi ch

is adapted to engage the side; and (b) in step (D), the force presses the
si de agai nst said fi teechamedaefergincesf er ence.

14.  The method of Claim 13 wherein:

(@)  the prism has a side;

(b)  in step (C), a fixed mechanical reference is provided which is
adapted to engage the side; and

(b)  in step (D), the force presses the side against said fixed

mechanical reference.



