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- POSI TI ONIl NG CPTI CAL" PRI. SM5 CROSS: REFERENCE TO RELATED PROVI SI ONAL
:APPL| CATI'ON - Iwcsgmmhg cation c¢ltains the benefit..-under . 3pcrdferada e) of
‘U.S. Provisional Application No. 60/ 285, 342, fil ed Apri | 20 2001, and :
--._entltled 10 " Separate Quad, " the content s-lof whi ch are incor porat ed herei n _
_intheir .entirety. FIELD OF THE I NVENTION This invention relates to. :
" met hods and apparatus for accurately positioning one or nore optl_cal
“prisms.in at- optical assenbl y. More 15 particularty, the invention relates
. to accurately positioning the diagonal of an optical prismwhere 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 inportance since msalignnent of the
~diagonal causes nisdirection of reflected I'ight and the 20 introduction of
. .,par al lax intd tr METHOBA ANDMPPAWSIMMDUSETMIN&\AERM&ALWSM% ‘
- prisms having light-dividing diagonals are used in a variety of optical
‘systens. In recent years, a particularly inportant application for such

prisms has been CGROSS KFEGRINCEYEO SELATED PROwIIpNAG U1 SoXtely 2.5 -
On-Silicon (LCoS ) panels. The architecture and principals of Q;hgeratlon of

~ one such. syst.em ar.e. THisgmplipaigon ¢laims thediensbhunder. %@ﬁﬁ’ §11@e) P, and J..

Birge, "ngh Co I t _,
"~ Polarization F| é@%pa%%ﬁlabl\&gfﬁsﬁeﬁﬁ ﬁlgg Agjgﬁzﬁl SSysS erﬁlelr?%l oys-a
“COLORQUADTM10pr |"Sepa3@teaaﬂﬁirb |t}e pomidnisad wﬂychmfeanbanpbrdtad heremiﬁ iBthdider, -

- Col orado. This E %Ieg%assenbl y in conjunction with three LCoS. panels
: prﬁ)w des" excel | Eff ntrast 19 Cctober 2005 WO 02/ 086549 PCT/LT502111660 -2

FIELD OF THE INVENTION o
This invention relates to methods and apparatus for accurately
posiﬁonjng one or more optical prisms in an optical assembly. More
15 particularly, the invention relates to accurately posiﬁoning the diagonal of
" an optical prism where the diagonél divides (or' is adapted to divide) |
' iﬁcident light into a transmifted portion and a reflected pertion Accurate
posmonmg of such a light-dividing diagonal is of importance since
mlsahgnment of the diagonal causes misdirection of reflected llght and the
20 introduction of parallax into transmitted light.
~ BACKGROUND OF THE INVENTION |
) i | o Optical prisms having tht-diﬁding dia_genals are used in a variety
of optical systems. In recent years, a particularly important application for
~ such priems has been in projection systems which employ Liquid-Crystal-
- 25 On-Sﬂlcon (L.CoS) panels. _ o '
The a:ccl:utecture and prmc1pals of operation of one such system are
déscnbed in M, Robmson, 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 . lassembly preduced by Colbr]_.i.nk inc;, of Boulder, Colerado._ This prism

o assembly in cbnjuﬁction with three LCoS panels provides excellent contrast _




£ and. accept abl e throughput and a rear screen pI‘OJ ectlongﬂj}ﬁomrtzboﬁn optlcal
~-engine utilizing.such a prismassenbly has been denonstrated (CES, Las .- .-
.- Vegas, - Nevada, WOO@43654%Exanpl es of other architectures enpl BATAIPHIGTS
~having light 5-dividing diagonals can be fgund in, for exanple, Conner et
“at, U.S.-Patent” ‘No. 6,273,567 Bl, Huang et at; U S. Patent No. 6,304,302
- Bl; Huang et al., U.S. Patent No 6, 309, 071 BI; Johnson et at, U S.

~“Patent No. 6, 18&.nﬁ%c@ﬂtable*thﬁdlgh@ﬁ@&etd%emaabﬁeén édmtwnltm oﬂt@b‘a_?-5 3 -
--922. The above COLORQUADTM prism assenbly suffers fromtwo '

~probl ens. Fir st SogHe Wdiaps pychapepmiassehb Ib’dlsﬂﬁbﬁ@llldﬁmza%ﬁr@ﬁ?dlﬁéEﬁt Eptitters -
. (PBSs) and five Q:f@ﬁ-a olarization filters (Colorlink Inc. o
- Boul der, Caol ora(} % Ié%r %Zse conponents are optically cenent ed to each

- other. Optical cemenEixmgples of othen architctirbs mptmmsm@hahng&@hs that if
'sorrethlnglswr wi th any.of the, cegented co nts

~ di'spl aced, tpPI tgﬂg ‘ﬁ cagrRe ft‘ognge é%?%ﬂ §=t WQFgFéjctaég] %at:ent

Accordingly, the. W@TM@WM U%'fﬁa@éx&ﬁé%dm%ﬁﬁéaﬁg“&aﬁ' gh
assenbly.  cost i%l%The second maj or A bl emw th COLORQUADTM assefrbl y

relates to its ngatest Ngs@ 309, ﬂ7a510{ﬂhnéall e’éﬁbﬂﬂ@ PetrmddNa. 878300l are
20 used with ongﬂ&:@a @Eﬁﬁﬁﬁ%ﬁ%ﬁoﬁﬁoci@%%% color inmage on a screen.
re

- At the screen, ree i nages green an ue) ‘should coincide "w'th
* each ot her W|th a ve'Phe mbcgla Q@g@BleﬁDﬂ%wmaysem%iy@hffemr&dmmohnamed by

| ~tilting and IS aneI con nce),. After conpletlng this
~.’process t he nﬁll@ egﬁ? 3355@ ﬁﬁ?’t% arjaiqn beaty sphfteRsn and
. blye light pat C(I%SDaﬁmﬁvbQJOL@RIELE@TUMXQMLHaﬁoﬁMeL'@m&IEﬁr&%EeSI00nd| ng
“panels. Any ms Ilgnrrent in . the COLORQUADTM assenbly cannot be conpensat ed

~ for by moving thedldgadalaadaelbplidesy ermnonsnts d1e.0ptically ermentpthseleads t he
- pr-evious paragr&ph). Oﬁ%l‘ééﬂabntﬁlgéﬂliﬁo e e{e&qﬁe@goé&g &ngﬂﬁne%ﬂﬁ# ]Eomthe

i |l umi nation systemto 30 provi conp mnalon 0 fr'ee
panel s. This sispmdthomnis wrongsutlesnst ticht bementedwbmpbnéite (matchadt engi ne

.f rom| t st hfgr e&%}?ﬁceﬂﬁteﬁugﬁc\ﬂat %eentJ:JLrg a%etmobqy mus(g%e rejected. Accordmgly,
' | the COLORQUADTM assembly suffers from low yields and h.tgh assembly |
costs. ‘ _
The second major problem with the COLORQUAD™ ggsembly
relates to its manner of use. In an optical engine, three LCoS panéls are -
20 | used with one COLORQUAD™ agsembly 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 thls
- process the panels are fixed in space.
25 - Simultaneously, red, green and blue light patches from the
illuminator should overlap the corresponding panels. Any misa]_iQnm‘ent in
. the COLORQUADT™ assembljr cannot be compensated for by .mcviilg the
p 'pahelé,' themselves (they are fixed as described in the previous pa.ragraph)
B and will require i_ncreasing the light patch from the illumination system to
- 30 | proﬁde complete illumination of all three panels. This significantly reduces
| . the throughput of the optical engine from its theorefical m'axim.um value.




.

PC [ Uso2/ 11660 The over | appi ng of |mages through thnglcioggpzqa@glon path of -

“the' COLORQUADTM assenbl'y depends on the accuracy with whicch the assenbly.
“i's constrtuct ed"%f?]EF“@@ﬁ?lot bé conpensat ed for once the assenBFIfUSHRAWEESS

" has- been conpl eted. 1 n the other words, COLORQUADT 5 assenbly must be.

- assenbl ed with very high accuracy, whi ch r qui res active —alignnent of the |

conmponents during the process of cenenting. Like the problemof rejecting

an entire assenbly duﬁlettﬁfeﬁlaﬁpﬂ Bimagss tBRAIgHC &ma@mamoge@thmt@ i gnment
i

during cenenting-increases: t nal , “cost of t he JADTM assenbl y..

10_In view of th@ol@r@éﬁﬁ aﬁﬁem@YdﬁP@lﬂS@@!tthéfaC@W@qué@eﬁ ichithention to
',prOV|de | mprove f of o t cal |snB
1t is a: furtherda &dﬁf @{E%r&&@@éﬂ{l?%%ﬂqf&bec?%@% r%?r]i]rp g

- apparatus for pqmotessrhaa@ean phztiplatddt )lnd‘.he@ﬂiér@@drdﬂrth‘a‘ I@HJN@RQQMDMG need .

- for cenenting. those B@ sns, t0 on

_accordance w ha:fs‘f‘]in t

- conprising: (A) At lof HECoR ﬁ@hﬁMﬂLﬁ'ﬂlé‘ﬁﬁ 4638 of LML, rality

. of sides, and a | agonal WhICh}j has. a top c}ﬂo { lﬁe@ﬂléj

~conprising: 20 mplylem vfgejegHias g cohige gaﬁerqbly dneto dahgotf ayiwle has a

~surface that is e Lrst ference
.. surface for the ctBo %h t Ctrnge ggna}nq'a g gcglélc%%tr?&gmcr e ca?%lp%fcériéﬁ -

e |1 nven rov

oth SUMVARY THE | NVENTI ON | n '
mggtp‘éec%ssewh@e i R mawohlgbraswa% icly Bequiras ack¥ enbl y

a bottom said prism.

-surface for théhbﬁlQIaﬁRQUADﬂ‘édahsagblyal and 25 (B) a housing conpri sing:

(|) aplurality of fixed m | cal, re erences, ch of which is, adapted:
o engage ond of thehH”reE’ % REELP * EF@?]@F@PE epregpRtimEentionteecond

| | rTEﬁ hani cal ref C&)@é\ﬁ&e SHHFREE mcthodd ddd @pﬁéﬂﬁ £ pdsitorhk $Mpt#AY prisms.

- Itis a further object of the invention to provide impmved methods
and apparatus for positioning a,plurzality of optical prisms without the need
for cementing those prisms to one another. '

15 SUMMARY OF THE INVENTION
o o Ih accordance with a ﬁrst aspect the mventlon provides an opt1ca1
assembly compmsmg
A) - at least one prlsm which has a top, a bottom, a plurality of
sides, and a dlagonal Wblch_ has a top and a bottom, said prism comprising:
20 | _ r(i) first and second sub-prisms, each of which has a surface
| tha_t is parallel to the diagonal, and |
) : : , (i)  a first mechanical reference surface for the top of the
o o diagonal and a second mechanical reference surface for
| ' the b-ottom'of the diagonal; and
25 | -~ (B) ahousing comprising:
(¥  aplurality of fixed mechanical references, each of whlch
" is adapted to engage one of the first mechanical
| reference Slirface the second mechanical reference ‘
| surface, or a first side of the prlsm and _
30 - R (11) a locking element wlnch engages a second side of the

- prism and presses the first side and the fixst and sécond




- sub-pri sm above

~.a_locking element’-whi ch engages a second side of the ;pH.8L336s Presses the .
first-side and. the fast: and second 19 Cctober 2005 . ‘-4 nechani cal e
reference surfdt®¥834 nst -the plurality of fixed nechani cedT/ussb/emences.
~I'n accordance with a second aspect, the inyention provides a prism which :

has -a top, a bottom a plurality of sides, "and a diagonal which has a top .

and a bottom 'said prismconprising: (A) first and second sub-prisns,. each

of which has a surface that i snedhanithl fiferdefed farieaapnaki tHeBlraly b r st

- mechanical -reference surface for the top of the diagonal, i ch conprises
“an extension-of the parall el tref machpraigatreferpncesaccor dance with a third.

aspect, the inventio h.oe i .11 onk ism.said’
- prismhaving a dia O%ﬁ&\%%@@gﬁ%& o%da&rsi_ cg’pt%%d% f%%"%”%&’%@?%ﬁm _
conpri sing: (A) vrevhas agopredivdining &l pluedléyed eiles, unfdac @iakonal wieich dps af t he
‘15 the-di agonal ,surf %&’ ]9‘{0 thgjgsecond.‘ sub, prism 10 surface of -the first
he % PRFPEY SPS-RIEE CUPBYSHE! - surface of the second

sub-pri'sm and (C) a(yecandt iBebanhe akh HehkReOas TWHias 8af Alsubfie BRS oM of
. the diagonal which conprises an extension of-the parallel-to-the- diagonal
- surface of the first subBsradehtpéhodiagaralparallel-to 20 di agonal ; (B)
_providing a second hani ' f he om._of the
di agonal ;- (Q) provi (rj@zgg %%h%#?%@a%f%ﬁrxeg S?r’%%ﬁ%g‘{rggﬁ%?é {é%rhéan Phasach -of
~which i-s adapted to engageridneomprisdsenrf éxntatsioreatidpipaailladGosthb-dizgnag surface

| 9r the | 5?‘9098 mechani cal S{n‘e{agg SHYRE ﬁ'lsjtr gu glr?f'isxg%bgtpedthe para]lei-toéthe-

g ) I - diagonal surface of the second sﬁb—prism; and

(©)  asecond mechanical reference suxface 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 o | ~the-diagonal suxface of the -sécond.sub-prism. |
| ‘ In accordance with a third aspect, the in%rention provides a méthod
for positioning a prism, said prism having a diagonal which has a top and a
~ bottom, said method comprising: _ _
_ (A) . providing a first rﬁechanical reference surface for the top of the
20 _ diagonal; '
- (B) providing a second mechanical reference surface for fhé bottdm ,
| ) | : of the diagonal;
| C) | providing a pluraﬁty of fixed mechanical references, each of
which is adapted to eﬁgage one of the first mechanical
S 25 T 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 agajnsf the plurality of fixed
_ mechanical references. | o
o 30 . In accordance with a fourth aspect, the invention provides 2 method

-_ for positioning a prism, said prism (i) having a diagonal whiéh has a top




. the first nechani cal re

(D). applying a force to the prismto press the first ap@h.6862005 mechani cal
ref erence surfaces against the plurality of fixed nechanical references.

I n accorsancesamt h a fourth aspect, the invention provPdessea/iiset hod for
positioning a prism said prism (i) having a diagonal which has a top 19
Cct ober 2005 WO 02/036549 PCTI1JS02111660 5 and a bottom and (ii)
conprising first and second sub-prisns, each of which has a surface that

i's parall %ué&b&ﬁ@mdjxﬁg(ﬁ?é&mpﬁéh% #2 Bad LU ¥ PhsmbAaBIRWHELNG a first
mechani cal reference surface for the top of the 'diagonal which conprises
an ext ensilos sofuridne that B naplleblo the Baghiradeasd meghddeenpfisyige fir st

sub- pri sm abov he l=to- 1t -'ifag rfacec of nd .
sub-prism (B) ?%)ﬁ OVP%%]%L%%S%ICS&%? Cir%%@%am g%hgégg%%ecggghé fk']%c@et?l gr t he
bottom of the di agdiagbnalhilkieh@compiisee anantaxicend the piralltaogheal | el -to

t he-di agonal surface. of the first sup-prismbelow the parallg] 10 '
to-the™di agonal surfiZgersurge g@b%g“gﬁ&gﬁrfww‘(@ %Wh?ﬁ%ﬁa plurality
of fixed mechani cal tl{ee(jigg&[gg%%rfa%@ghtﬁgsecm§%-’b§isﬁgapt ed to engage one of

erence surface or the second nechani cal reference

- surface; and @9 (Dyroxphnyprgoend merkanicd refaeptd wifacs for Basbetienf i rst and
second mechani cal r(%ftﬁlé%%g% SHERRGES 3t &5 n;ﬁl:f:ﬂrof"t;ﬁé %az%hei-ws_ed_ ,
~mechani cal references. For €goi ng sumrary of the various aspects; as
wel | as the clains thedlitgmadesciabeof Gre faphenbledisebdbw, theaealldlo t he prism

of theg _exanple enbodi ts as havin "top", and a "bottont'. The summary
and tﬁg clains al sotoifgg’%t‘?%o“tazf a6 %0@5'58 cﬁ’dls R . This "top",
"bottont, and {del qaybvid@i%:ia@@«hmmybsﬁmrdeem@ndﬂ(iefé}eaa@, ghdidfd not be
interpreted as limting the invention .in ar‘]th manner. In particular, this

term nol ogy shoul d Weichbeadinted ipeagerr e didhailbrrhgeahsipdl ti cul ar
.orientation of the pglSMM LR LESRES bedoRdFh @M ahYeal Ferendet@irfsep: Of

and
15 N (D) applying a force to the prism to press the first and second
mechanical reference smfaces'agajnst the plurality of fixed
“mechanical refefences. '

The foregoing summary of thé vartous aspects; as
well as the claims and the description appended hereto, refer to the prism of the example embodiments
as having a “top” and a “bottom”. The summary and the claims also use the terms “above” and
“below™. This “top”, “bottom™, and “below” terminology is not intended to and should not be
interpreted as limiting the invention in any manner. In particular, this terminology should not be
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.

Additional features and advantages of the example embodiments are set forth in the detailed

description which follows, and in part will be readily apparent




—

t he prism need not be "up" in-a gravi tat| onal sense, bup OeRbédobe :
"sideways" or even "down" in a gravitati-onal sense. These consi derati.ons

- al so apply t¥O08MB6HRst of the specification and the draw pgruseddsss i onal

features and advant ages of the exanpl e enbodi ment.s are set forth in the’

- det'ail ed description which follows, andTn part will be readily apparent
19 Cctober 2005 WO 02/ 086549 PCT/ USOZ/ 11660 to those skilled in the art

“fromthat descthiogt slafedoh the CHQRbACRaDYesBE mbodi ment s
“as descri bedhepei 0 be under st op{(f)}dIx ﬁa&%%%%ﬁ fyhg%mge@ 8i Frgmple

“general descri pt| c?ﬁtsgsnéfsc'@ﬁ 811 owi ng detailed description are nerely
exenpl ary of -the i t ed t.o pro verV| ew or
framewor k for undg?gf?%&&ﬂd&fﬁgg%{lﬁ?‘gﬂéﬁa %rﬁg?]ggtgg?e’i#ﬁ?ﬁ’élpi 19985 on as
it is clai rreothE'fﬂéJmmgaiqbalﬂlgd depcriptivh RYS nierelyl 6 npliad of ehPivhelena further
under standol f thete#ggl e 'f‘abOdl ment.s, and are |ncor por ated in and
constitute a%ﬁlgir?redfl ki 2 BECTIP AROFERYICW RE Dmamarldor wrdarstanding var i ous
enbodi nent s ahe nhuwlewalEh0Bcted 08tHCBOb RS W6 1ls Lh8mdgscri ption serve to.
explain the principles and operation of the exanple enbodi nents of the -

i nvention. BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a schematic
di agram i | I ust r afhergeantpenyingdravimgpoirehtiel mbromdeafuﬁﬁaaﬁc&ts&n@g'i&thé‘e%ﬁﬁlé uct ed

i.n accor dangfbodinehist 4R drdd 15 .F S ctlv dravvl ng of a
prism specifically, a pgﬁgﬂ@gﬁ }no%dbéogs&ng&ge %Pﬁopthf %%') '&%ln bs dRvEgs i n

accor dance W tet"falréOus crbukimentsre! theiiggntion3and dogathercwitinthe dscripdbm@h@nd explain

i |1 ustrati nge prireipe sidtdp@xidafor e BEHBRImBIIIRARET king elenents, e.g.,
spring-loaded | ockers, for use Zgﬁweth tlhe Seggpg%lletg&ad of Figure L

..»'_FI gure 4 is P a raml 1] ustratl ng anot her embodi ment of the
i nventi-on en%ﬁ@?/ ﬁgﬁﬁﬁm Hg DRAWINGEr i d pol arizer. foll owi ng S5A.
di agP!ellri]el |L|C(J§t r 2'%%8&‘?! furt ﬁleé&n%@fggﬁé};ﬁﬁzﬁ%ﬁ&ﬂ;he t%u} gogpg]feh%snait |
_ "Separate Quad" constructed in accordance with the invention.
15 - Figure 21is a perspective drawing of a prism, specifically, a
' 'polarizatibh beam splitier (PBS), constructed in accordance with the B
invention.
| Flgure 3 is a schematic diagram ﬂlustratmg the position of
- mechanical bases and locking elements, e.g., spring-loaded lockers, for use
920 with the Separate Quad of Figure 1. . _
Figure 4 is a schematic diagram illustrating another embodiment of
the invehtioﬁ employing three prisms and a wire guid polarizer, i
~ Figure 51 is a schematic diagram ﬂlustratmg a further embodiment of

the invention employmg two prisms and two wire grid polarizers.

25 The reference numbers used in the drawings correspond to the
follownlg: A
5A. . biue LCoS
5B . red LCoS
_ - 5C . greenLCoS
| .80 7 ‘light from ﬂlumiﬁation,

: lijght to projection




-"-'t"_h-é:, i*_nvé,'r.lt‘:i"on. enpl oyi ng two prisms and two wire gr| d .p' izers.. 25 The -
“ref'erence nunbers used- i'n the draw ngs correspond t‘o-_"tﬂéﬂc@é‘:ﬁ@%t- fr om

il lumination WO @Wsssto projection . 11 overal | ‘optical as setusp2/1@s0pr i sm . - -

- diagonal ".15A prism 15B pri sm15C prism 157D priism 17A | onger sub-prism-
~.17B shorter sub prism 19 QOctober. 2005 PCT7'US02111660 19A top nechani cal

- reference surface 10 19B bottom nechani cal reference surface 21 |ocking-

- elements (representediby opepnaptioNsstémbiygure 3 with the point of :the
.arrow engaging a side of the prisnm 23 fixed nechanical references

- (represented by closdd arpdsmebegenaln Figure 3 with the point of the
~arrowhead engagi ng eilgger- !g%ula mechani cal refeerence surface or a side of |
“the prisnm 25 Conponén s H5A" 158, 15C, and 15D are each a pol ari zation
beam splitter (PBS) 18Bt hpsismponents 15A, 15B, and 15C having one optically.
. cenent ed pol agi zatiori {_;i |ter, while conmponent 15D has two cenented filters.
“I'n each case,” t he 'polali ZBB$®Bn filters can be COLORSELEC T filters

~ produced by Col orlinksp! ngGsgf Boul der, Col orado.  These four conponents .30
~are .assenbled in the nechani cal housing for the light engine to the 15C,
~and 15D: I n certain éiodiongersub-mismpr esent- i nvention provides. an opto 20

- prioms or -priemunt ¢ 785 R REEE S her forma - uad® or - Separate Quade.
- : 19A  top mechanical reference surface : : o
10 = 19B bottom miechanical reference surface _ :

' 21 locking elements (repi'esented 'by open arrows in Figure 3 with
| ~ the point of the arrow e'ngaging a side of the prism)
23 fixed mec_ha:aiéal references (represented by closed arrowheads
in Figure 3 with the point of the arrowhead engaging either a
15 B mechanical reference surface or a side of the prism)
.25 fier o B
27 wire grid polarizer
DETAILED lDESCRIPTION OF THE INVENTION |
| . In certaill emxbodiments, the présent invention provides an opto- - -

- 20 mechanical assembly 11 (also referred to herein as a "subassembly") of four ) :
prisms or pri.sm‘unit.s 15, which rtogether form a "Quad" or "Separate Quad"—_ _
for use in a reflective LCoS projection system. As shown in Figure 1, the

) IR | prism' subassembly 11 consists of four pre-assembled components 154, 15B, '

. 15C, and 16D. . | - -

25 Compone_nts 154, 15B, 15C, and 15D are each a polarizatiori beam
o splitter (PBS)' with components 154, 15B, and 15C having one optically
_ cemented polarization filter, while component 15D7 bhas two cemented ﬁltérs.
In each case, the polarization filters can be COLORSELECT™ filters | |
produced by Colorlink Inc., of Boulder, Colofado. These four cOnipbnents
30 are iassembled in the mechanical housing for the light engine to the s
- rre'q_uired; aéCUracy_wdtho_ut any additional alignment. The md_st ériﬁcal _ .




for use.in a reflective LCoS projection system As shoypd ' e 1l,-the . |
~prismsubassenbly 11 consists of four pre-assenbled co%gﬁgﬁgjsﬁ% : _
S filter 27 w r ewgrdzasqiol ari-zer .DETAI LED DESCRI PTI ON OF TEE |idlSet/®6oVWO ~ .
02/ 086549 .required accuracy w thout any additional- alignnment. The nost - .
critical . PCINS02111660 optical el enents of the Quad froma ‘positioning .

s point” of view are the -diagonals 13 of the four polarization beam

~splitters. To proyi.ge.ib sa#cé ‘ i | 14 0ni ihe PBS
- -l ockers), one'pe@%ac%%%% hgé%%dﬁ{éngg{at&(gﬁﬁg%gaq es #é@%dv;égﬂrz sets of -
. three pads (nechhagepals t3éfhe feespqlazizativnezam gdittdrer mi ng a base for its 20 .
respective prism 15A., 15B,..15C ~and 150 In each set,. two pa rein '
contact with the PESTS ParigeRER Srtrndor whuGReRLroRetE BRAPLurt ace of
~the PBS, as shoWlefefalily Bt eha3shapRthoRin INEGHARI XL AadhASBS cSRAYR of Bwd he
~drawi ng as bl ack triangl esl arrowheads). @Each PBS is gl aced against its own

.set of pads & $hBRRtedTishinele grismsor sRkpEigRIsAEI4.d 480 dV it aipslarizgties t he
.'PBS to slide al 1 he di | 3; 008 i b ' .ng far. S Quad

" cubassentl y pr et oty o AERSR e, THEoIRRG Clti B R R

- .I'ocki ng el emrent de2dm@bilgysr Spudtnge dvesddn the MacNailkspd Sviziagdub® et & =
positioning. preferahly_has the shape sh | n Fjgure -ach PBS consi sts
b "two | coment.ed P BEAGeE Cpeeror e ol R RO g th e
pol ari zation Ceglirgtien bireeiiiRcs fithagenak thathfaRehafed®by GM 6Addrithe can, |

for exanple, - be a nultilayer structure as used in the MacNeille
. pol ari zi ng dfbe ixagigrame 31\@%'3%}@?%@% (gee Privatedeing dierprt<i ays,

1999, p. 130-133)..:0L; | 2.0 pefi i fmyas t hat ‘
mapuf act ur ed by%w/l%th e?%#;ﬁié) ’ @%ﬂ@?gggﬁgf&@%%g%lﬂﬁ%%%%@m ZER (see
. Private Line Report &mcdrb¢ eeen inFibisp?,ane sibipuise: ¥7A Motallet (lodgdry tiRey 2001,

?ﬁgﬁ; e?S 8% h aﬁs %Eenot?lgr 3 e-lr:]milsg Iﬁ ,ljv‘gh%clg bllgwnse t]:%eut?ﬁe fors e]il7 ed's%ct‘io%lslo% the

diagonal surface of the longer Sub-prism_ to be used as mechanical reference
15 surfaces 19A and 19B for positioning. , I
o " The housing for the Separate Quad subasse.'mbly preferably consists . |
of a top plate, bottbm plate air_ld four locking elements 21 (e.g., spring-loaded
. lockers), one perreach' PBS. The top and bottom plates have four sets of
| three pads (mechanical references), with each set forming a base for its
20 respective priém- 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
R 7 the PBS, as shown in Figure 3 (p@ds or mechanical basis shown in the
) o | drawing as biack triangles/arrowheads).
- Each PBS is placed against its own set of pads as shown in Figure 3.
25 The spring-loaded 1ocker _forqes the PBS to slide along the diagonal until N
 full contact between the glass and the mount is achieved. In this method of - :
“assembly, the position of each PBS is determined by thé position of the
mechanical pads which can be fabricated to the required accuracy.
Figures 4 and 5 show variations oflthe system of Figure 1 wherein a 7
30 ~ wire grid i)olal'izer has_beei; substituted for one (I igure 4): oi‘ two (Figure §)
of the poIaﬁzation beam -sp]itf.:ers-..' The remaining PBS's (15:8; 15C, and R

A . 15B; 25 ...




- assenbly, the.position of each PBS i.s detefnined by the posi tion of the

- be seen that 't hefOXKTER @%hd, 0N IUBA)SHEdE the PROFIWX thdeima¥RNEEOAIsHASSE he

~the other sub-prism 17B, which allows the open-or extepdgd seshjons of .the .
-'di agonal’ -surface: of ‘the l'onger. sub-prismto be used as nechanical reference -’
+ 30 -of the polagizahiap beam sputters.. The renmining PBS.s {haBozdad and
~full contact between the glass.and the nount is achieved. In this method of-

- mechani cal - pads ‘whi ch can be fabricated to the required accuracy. Figures 4
~and 5. show variatjons. of the. svs “of Fi qur erein ire.grid =
Dol ari zor has bedh Sifiebe bihr e Hh e e ple B £ b drmdlep el Y10

- Cctober . 2005 WO tf59 hdven 86F%AMNrd 3 RoiRhELewigs &ir thbée PBYs ¥ Hare Fi gure 5) _
~wi |l have a construction of the type shown in Figure 2 and'the housing for ;
- these PBS s wi | |2PREQREIate Sixpd prachapicl; sefogenges pagd leding demeatelde ¥Wee | ocking
.elements |ike thasensh o"g El - , i - e -
- reduced nunber o P%S_s. éTLee’ﬁg%gfeﬁlgt%va h%&ﬁégg?frfgft&géﬁggﬁlta ?%O??E?E'res S
- for nounti ng5t h&heihoasog will Ped mchalerssitablecixtires fgr mbuptingthe wire grah be .of

Cthe t factured by.. MOXTEK.{ Orem UT, US der t he .PROF |
D e T S e T i 1S bers ban S of AR MAREIRERAN, ¢ can

~following benefits: conponents in the assenbly is damaged or defective, it
-can be -r‘epl'aceé’?ﬁﬁ%t%@s%-ng.the at her conponents. Al though specific .- -
- enbodi ments of the | PXARGHOR-ARE BEEM KASERIDEAoYMb bbABbARLSTstohd 1S L0
" be understood that nodificat irgg}gﬁ%an&%e mage gS vlﬁet out_bdepartl ngsfer omthe
‘i nvention' s18pi pf thedndestiapbas Ferfollexiagherefitsal t hough it is preferred that.

each prismand its-associgted |ight-dividing.the PBS ge ry.qr.the
oSrhey of the f11iBre. (HerstehlBiunidet e Bt B v PSR AR e
'PBS. Rather, it depends b réfifreddlighnedit. of the pad positioning and spacer

.geonetry, which can be prqvided by fahricated nechanical conponents. -
‘ 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
o *" depends on the accuracy of the pad positioning and spacer
B _ geometry, which can be prbvided by fabricated mechanical
componénts. g
_ " The system.provides. low assexobly costs.
- 20 4. The system provides high assembiy: yields since if one of thé
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 Hustrated, it is to be understood that modifications can be made
o 95  without departing from the invention's spirit and scope. For‘exe_lmple,
-although it is preferred that each prism and its assbciated”]ight-dividing
diagonal 18 poéitioned independently of all other prisms in an assembly, the
invention can be employed for only a subset 6f‘ the ﬁrisms of an _asseﬁlbly | '
(inclﬁding only one prism of an assembly), with the reniainihg prisms being

80 cemented together and positioned as one or more groups.



g_3 . The systen1prOV|des IOM/asseany costs. 20 4. The g §%ﬁg&ghgyldes hlghjje
j{assenbly yi-elds since if one of the 1. The systen1prOV|des a‘drop-in: . ol
‘assenbl'y met hogowhighedoes: - not require alignment. .. 2. Tq%Tﬁggyﬁgﬁy of .a:
“di agonal ' s positioning does not depend ‘on - diagonal is p03|t|oned o -
‘independent|y of all other prisns:in an asf¥enbly, the invention can be" S

-~ enployed for only a subset of the prisns of an assenbly (including onlyfn:

~one prismof .an assephly the r msu n| n sns ,bein cenment ed

‘together and positio %];h%‘f@q(}j’fi g ’?%J Efﬁt%‘ggf%fﬁ’@§f apnsm -
. PCT/ 11502/ 11660 diatgndl ﬁmchahhﬂeyﬂiaﬁeﬁehgﬁwmbaeﬁ plaﬁaldaeieﬁ tHe':ﬁﬁéﬂtﬁﬁﬁd in:
terms of a prismdjagonal which divides incident ht based on

© pol ari zation, -t Fe® Phiee Wéh présm dingonale sha di Wdﬁrh avedgoneler, eBat divide
- light based on. ?Bs&r 1w1§3sgd1a %gﬁpﬁ\%géeitlﬂggﬁ%%ﬁ Hﬁ?@% ]g‘l%g Loic -

- coati.ng. Such dfchroic pri ST can sane g I guration
as shown in i gmrehav&)theoﬁma:gﬂmatﬂealtcmmﬁgmaﬁpnlas showndn Figtraderganal | el
pl ate between the su

' t t di vi di
- diagonal . The: pFC&ﬁ%nf)ea‘%E? ?@?Pmmﬁﬁaﬁ I u ﬁ%&%ﬁd@%jﬂs&' t}lbee%,\??#é's 'ng
~sub-prisms to fahigh dastibiRes ﬂf%l@ﬁﬁ’bﬂ%hﬂ&ﬁﬂﬁﬁ@@i’dgohﬁf ETRNFRNE phiaARES Whi ch

" engage the fixed mechanical 10 references of the prism s housing. As a
furt her .vari at i BiRte ¢areeXigne abovsrand helel ee srinpuams tefarethedsp anded far. an .

i ndi vi dual pri-s l e,
“instead of f o'ur |xedgén%%ﬁ'ag;%éa} Ebfaéeurrg%gégr dcl)lr'fﬂt%ggl |63ﬁ1tré:a0d{u l?iﬁé@
di.agonal , i l@.. rafmneﬂs Qﬂthepmpmé‘arhbusmg at the bottom only three can be -
'jused .15 e.g. and o r VI e.versa.
Sipilarly, alt hough ﬁst%%"rg]é 13§’f°t‘.}e %’ f&\xﬁé ’E?é?re?‘é%r ences

~at both the topussadobah igdivifual Psilchs Riffs: ﬂadxeftﬂﬁmdwxpm@h@ﬁréaes‘@rflxed |
mechani cal references  can _be elimnated if desired. Mre general ly, the -

" ni ni mum nunber SRMEIRdasterd of S daed mschrriselelreaces dot thedight divi
- positi on of t hedl'&é&t&l, fjé}’ﬁvgd H%he 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 s_ide-enga‘giﬁg fixed mechanical references at both the top and
* bottom of the prism is preferred, one of these fixed mechanical references
- ean'be eliminated if desired. More generaily, the minimum number of fixed
_ mechanical references needed to define the position of the light-dividing -
20 diagoil_al is foui' -- 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 agai’ns’ﬁ the four fixed references.
) - As to locking elements, although spring loaded lockers are preferred .
~ because of t_hei.r low cost and ready availability, other force appljring 1ocking
25 elemenfs ¢an be used if desired. For example, lockers which employ a |
resﬂlent polymenc material which is compressed durmg posmon.mg of the :
prism can be used rather than a metallic spring. A turn SCrew or sirilar -
.'mechamcal force generator, e.g., a cam mechamsm, can,also _be used for this
_ . purpose if desired. s | '
: 30 . Add.ltlonal variations mclude usmg prisms of d1ffermg helghts w1th L

_the housing and its associated fixed mechamcal references being adjusted to




'-- 20 di agonal is four -- thr ee  whi ch engage the di agonal lg@ﬂtogg}%@\g‘n ch

- _engages “a" sr de of ‘the: prism W th the | ocking el ement :being appropri atel.y
-1 ocat ed to. -ef freakiosesloy press the prism agai nst the four ~fipcatssiehepences. -

~As to- | ocking ‘el enments; al though spring | oaded | ockers are preferred -

" because of their |ow cost and ready availability, other force applying

| ocking 25 elements can be used if desired. For exanpl e, l'ockers which

- enpl oy a resilie _ ng -
oo o et o RIMIES hooURUBRIL UG Rk SpaREERS R tA e
“turn screw or srmﬁgnrartmmha{mcmahedtmmomtlgehaeam:other@ngzodlmenfamheé‘nmamgsrn
-can al so be used for %hrs gr gﬁﬁe i f desrredlte 30 Addi tional iations
“include using pr{®&wE® YoVt GOHBFSH ULt R ifomm e R eRlS SPTRCCtetp Pes
.associ ated fi xedygmeani cal references ‘bei ng adjusted to 19 Cbtober 2005
raccommmodat e t hose hei_ghts, , the housing can_have a_step

~configuratior® In coﬁﬁééﬁt&ﬂﬁmﬁsm&m%séf ?Whékﬂbéﬁirthﬁﬂ?@%g%ts'ﬁﬁwe housr ng
“can, and typi.cal to -
‘another. In. addﬁg?ﬁgﬁh%%rﬁg%bgﬁ%l %f?g@g&f@%%&@?%@&&%% el ghts of
“mechani cal ref ermfema%aee@rmm endmieBimend rvfargncbeurfab@ﬂ%em pei sms '
and/or for a gi sm cal ref surface 19A c
Ponger ¢ han-(or (enesF bt ke ries FRRU ol e Rrao S45 £ & ENGRIGH I L m and
- the di nmensi-ons Ghe dit@esiéiey &1t8E rofdfdnac e6raaR chf bdldﬁff&reﬁﬂforfcﬁﬁezdhffer ent 10
- prisms in an assenbly. Al so, although Usi ng two sub-prisns of different

“hei ght s i's tife W@P@r% %%BP@ &SWWW%FE%‘I]JEP@D&%% 15
be attached to .2;3ub; 93;1% e@%p@réé%fgp%&gpraﬁg%e %ecﬁa&em %Fé.‘r@—%é

- supfaces, other appr.oac
“"sub-prisns can soefafas; nﬁrér\appi'oamhemmfbermédnbddrmed egojoaet)fttgp qnbrpmmns at

its top and - botto serye chani.c I enc s or .~
proj ections can W?ﬁ\ﬁm ‘?;i‘g’ftL \E’hﬁ@%{e%ﬁge }?:?ﬁ’ﬁf}s ﬁgf i from

the scope . - anGofpid whicBiwilliRrvd YRk kéfeRece iR drq)rajeéts@fs&aﬁf

ordinary still in the art fromthe disclosure herein. The follow ng.

-clains are. %t erbﬁ@(ﬂta%efy@véﬁu@@rlﬁﬁ’eu%%érsmté @&B@GP’?@%?@%@F&W@H h her ein
©.as vel | as’ SUChtE@Qﬁiﬂ cations,

A variety of other modlﬁcanons 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 ae- such quiﬁcatien.s,

variations, and equivalents. -




Cvari at | ons, and equi vaI ents.” . technl que. WO 021086549 1¥\|9ﬁ{obér'520 fai med i&:

S AR optlcal ‘assenbl y-conprising: PC T US02111660° {A) at teast one pri s

~which. has a- t-opp oavodpsdot om a. plural i ty of sides, and & ‘di ag@mjsom‘sch has .a_f‘:j
~top and a bottom ‘said prism conprising: (i) first and second 'sub- prisns,
.-each of . which has a surface that is paralF& to the diagonal, and (i) a-
- first nmechanical reference surface for the top of the i agonal and a
~second nmechani. cawhgéaf LANES 5 urface for the bottom of the diagonal; and
- (B). a housing conpri sing ? ? a plurality of fixed nmechanical ref er'ences,

~-each of which is. adapt edAﬁoP’acngagsexmbﬂgcompﬁsmgh rst. mechanical .reference -

~surface, the second cha cal, referenc ur f de. of the = '
Cprism oand (i) a | ok ngtePRTHARE PRISTE E@t}i‘(}f& OQ ng})@ﬂ’&’ &p Eaga@.ity?%e prism:
and presses the siderssﬁn&b.%g%ﬂgl%Bﬁhfhasﬁitoﬁ@ﬂdmﬁn SIEE PARNGBIpERims ence -

~surfaces agai nst t he plurality of fixed nechanical references. 2. The

. optical assenbly of C.ai Ml wiestedust second wieprlrsmgxea\?b@ﬁm@hha%wﬁ@sce ‘_
~surface ‘conprises an extensio I t:h i agonal surface of -
Bh 152 Ifeﬁ tg 1ag9nal el ,

“the first sub-prismabove the par  agonal surface of the. .
- 'second sub-prism and ta (i) anafirst h:legllﬂet.mﬁlaﬂrlaf@gexﬁﬁ&uﬁﬂ’acéfmthptolnﬁlthassenbl Y.

G Jne optieel aseerbly o O gt 08l €10 ey gsseTRlt ) fteF o
. paral |l el -to-the-di agonal sur f geebstiorh bethd diskorflPartl | sm bel ow
- - By a housmg comprising: C
) SR o @ - a plurality of fixed mechanical references, each of Whlch
' is adapted to engage one of the first mechanical
rgference surface, the second mechanical reference
surface, or a first side of the prism; and
(i) - 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:
()  thefirst 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- pr1sm below ‘
the parallel-to-the- dlagonal suxface of the second sub-pnsm _
N 3. The optical assembly of Claim 1 wherein: (i) the prism has
third and fourth sides, and @ii) the first, third, and fourth s1d§s_are adapted
to transmit light during use of the optical assembly - |
4. The optlcal assembly of Claim 1 wherein the assembly | N
‘comprlses four prisms arranged in a quadrangle, each of the prisms havmg

. a fi.rst 31de, a second side, and first and second mechamcal reference




' t he par aI 1 eI -to t he-di agonal surface of the: second sub 1I9rdc§df§br2%0 The
' :.-j'--optrcal assenbly of -Caim 1l wherein: (i) the prrsm has - third and fourth

~ sirdes, and (ii )w(jmsé;,uy st, third, and fourth sides are adapﬁ@akmz/ilresust _
side, a second side, and frrst and second -mechani cal reference conprrses' .
-~ four prr sns arranged in a quadrangle, each-iot the prisnms having 19. Cctober ..
:2005  PCTI US02/ 11660 surfaces, and the housi ng conprises fixed mechanical

"~ references and ?{%é The :
~optical assenbl yls%?ggaar n%l erlerrrg(r)rcrot e asserr%ltd%cja%ﬁ&g rgﬁ% ecesgalcih of the
- prisns having a lockatgeiemientsfarmhmﬁdihesfod:e,pmm first and second :
~mechani cal reference urf an e ,hou C ri ses fixed,, mechani cal
‘references and | ocki % el e ?%tl F‘Ssﬁgbqliy{ﬁfbfaﬁ‘@ f‘&gerﬁm assemblyp b i sm
~ which has a top, cgmpRbdsiffivedp b hd b)vied g5l $eRriRP Srrangs ﬁﬂ@&@édﬁéﬁ?ﬁh has

a top and a bottom sai d pri'smconprising: references and | ocking el enents
‘for each of the ¢ tbpr)mshamgmﬁraimdazarsea@d@ﬂﬁ ?-néfﬁl‘éj andhgerongher ei n -

- the assembly copprjsas.itwe, Qﬂde%ﬁ?fa@&d &‘Bh bdsifl l: ﬁrréec%&&gﬂed in
ri

.-a conprises three prisns and.a wre ari ze nge
“quadr angl e, eandfemhcédmdaloc]smg etammntgfca- a‘archsft@rtdheee arlsms.ond s| de, and

first and second ~mechani ence ce d th housr conpri ses
~ fixed mechanical. (A% frrgfhea ?:%gﬁ bi“ﬁ%g@ﬁr?ﬂsgﬂ%rﬁ% has-a -
‘surface that is ganpideghwoorishe Hidwaraire géﬁ)poaaﬁzerrshrﬂmgwm @al reference
surface for the top of the diagonal which conprises an extension of the

par al | el - t o- t he-agyangle, eack ol mlerlsmmrafﬁrstgrﬂs ‘peecondl sisloy and fizst b
paral | &l - 10-t he- o gl 800AR IncdHEliBAG e Rl ARGuIRE00 dnlthe RDLSHL ¢ g;]ée@ﬁaasecond
ot agona B

,'rredhanr cal reference surface for t tom I ch
~conprises an extmashancaifrefehencpnanad loektngoeleﬂuentscfmaqpmhaif tbatv@pesmE. t he

first sub prism bel oy the,pacal el 0,f ML A0ME o 3HLLA6S oPhiabd 3adSeond

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)  afirst mechanical reference surface for the top of the dlagonal '
| which comprises an extensmn of the parallel-to-the- dlagonal |
surface of the first sub-prism above the parallel-to-the-
diagonal surface of the second sub-prism; and
© | a second mechanical reference surface for the bottom of fhe
-diagonal which comprises an extension of the parallel-to-the-
) - | o diagonal'surface of the first sub-prism below the parallel-to- |
| ' ' o the-diagonal surface of the second sub-prlsm
8. | The prism of Claim. 7 wheréin the prism has four 51des, 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.




~filter. 19 Cctober 2005 WO 021086549 - L1471

‘ 8 The prlsmof Cla|m7 \A,hereln the prlsm has four sid of V\/mch
care: adapt ed to transmt light. during use of the prism qSOCEP%ére%Plssm of -

~Caim7 wher €i w@dzoseast one of the: prism s sides conpri sescrudobhlsay . "'10.-‘ KA

" The prismof Caim9 wherein the filter is 2 pol ari zati on converting
19 Cct ober 2005.

_PCTI US02111660 11: A nethod for p05|t|on| ng-a prism said prism ha\)l ng.a -

- diagonal (b).in step3(0), Ae}né h¥@ ﬂ”iﬁ:%ﬁﬁ:%ﬁg”‘é{:{u%fneéﬁﬁ(jﬁmﬁhgm idgdepich s

adapted to engage the side; In step the force pr sses t he side
-against said fi mhhchri@alaetnp@aﬂ ar’lefﬁemerseﬁ.mﬂzﬂlodﬁcqmmug“f or positioning a

e i o 1 e BB AR

~plurality of famed nechadmagaﬁalref erences. 12. The nethod of Caim1l
~wherein: . (a). the prismhas_a side; diagonal; (f providing a- second o
mechani cal” reference@hrf@@@dﬂ%ﬁatﬁﬁ@nﬁé@%@ﬁﬂ%ﬁ%?ﬂﬁn@ﬁ ﬁ&@?&l o b@) o5voEYi di ng
a plurality of fixed nechmhggka 5 gprences each of which is adapted to
‘engage one of the first mechanical 'reference surface. or the second
~mechani cal . r ef er ence (Qur fpuowiding A phudality of fixed raerdhanicabraferencesapachneft hod -

| ;ggﬁprh'es"rlg (A) providing g, il b TEs0A01.LAL LT FRENGS: ShAGE O the top

- reference surface or the. second mechamcal reference surface,
| ~and ' ,
y A ' | | @O iapplying'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) _7 ‘the prism has a side; L
‘ ‘b) in step (C), a fixed mechamcal reference i is prowded Whlch is
'a.dapted to engage the side; and
7 (b)  in step (D), the force presses the side aga.mst said fixed
,mechamcal reference. _ o
13, A method for positioning a prism, said prism (i) having a
_.diagonal which has a top and a bottom and (1) cempx'ising first and second
| sub-prisme, each of which has a surface that is parallel to the diagonal, said
‘ method comprlsmg |
a) - pr oviding a first mechanical reference surface for the top of the
| diagonal which comprises an extension of the parallel-to-the- i
diagonal surface of the first sub-prism above the parallel-to- -
the-diagonal surface of the second sub-prism; |
®) R proﬁding_ a second mechanieal reference surface for the hottom
| _ of the diagonal which comprises an extension of the parallel-to-
B 'the'-diagenai surface of the first sub-prism below the parallel-
: to-the-diagenal surface of the second su_.b{:rism; _




di agonal V\:hl ch has a. top and a bottom and (| |) corrprl S|11],1@Cg‘obgr%0§nd second _
: -__.sub prisms,. each of which has a surface that i'sparallel-to the diagonal, = " -
“said  net hod cwqmmsaswg (A providing-a first nechanicat rm:f’twsennesosurface.‘
~for-the top of the -di agonal which conpri. se$ an ‘ext ensi on of the -
,_,paral | el -to-the- di agonal surface of  the t}¥st sub- prism above- the
“parall el -t o- the-diagonal 'surface of the second sub pr| sm (B) pI’OVI di ng

a second nechani.cal fer ?1%_@?] which.
_conprises an extenS| (()Gr? ofﬁt&ﬁ%ﬁyﬁg -}?J(S)ft g’%l agona i)r:;sfﬁfr %%s(éjb%%ot he first-
- sub-prism bel ow t he par atﬂvbichtleadwedlrttagmgmb ose of teefixst mdshasigglond :
-sub-prism 19 ..Cct ober 2005 WO 02/ 086549 PCTI USQ2/ 166 -1545 provi di ng
a plurality of fixed mechanicar: Terer SheEsi U cHe6r2 r@FFIFE ®d to
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