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1 Beam conbi ner for |cd Eroiector'utilizing a penta-prism FIELD OF

I Is tnvention relates to video color projection systens, both
front projection and rear projection and, nore particularly, to a beam
conbiner for an LCD projection television systemthat utilizes a

pent a- pri sriVOS6/E88<KCGROUND OF THE | NVENTI ON Vari ous types oFCHARS6E03S on
tel evi si on systens have been devel oped and commercialized in recent years.
Al t hough such projection tel evision systens provide a | arge view ng screen,

they t end phiim REmBINe£ fXEE Pidjettor itRingt pehba-pHGRT based systens, are nore 10
cunbersone and, nost inportantly, they tend to provide a relatively dim

i mage on the view ng screen. The image produced, as well as the expense and
size of a projection television system is often directly dependent on the
optical systemused in such systens. An exanple of an optical systemin a
prior art systemis described in U S. Patent No. 5,084,807, granted to
Thonmas S. MKechnie on January 28, 1992. The prior art 15 system described
in US. Patent No. 5,084,807, is illustrated in FIG 1 of the patent, and
descri bes EEhDrGPigHNENTION whi ch I i ght fromthree tungston halogen |anps is

2 a1 ohrol o pr i sm t 3 g R staleS ko FOE PR prfind. ool B fFRPES® T

three LCDaad mwwmhmdemMpmb\ﬂaﬂp toradwam ¢combiner for ap EED projéctibnie
portions of a teIeV|S|on cture. The crossed dichroic
mrrors bRl Bbﬁ‘ B‘ﬂ%@“ﬁ‘?ﬂo red, blue and green portions of
the spegtrum These three col or portions are then recombi ned by way of the

di chroic prlsm and._the r ht is projected by way of a projection
lens to a W@%ﬁ% this prior system has many

advant ages, the Us &yg{ous! types &f picféction talévisien Syatents Ithve besi mq:ww and a
second dichroic mrror prismadds to the conplexity and size of t] aew ce

and al so, commeseinlized in seqeptyears o ALBoysh sugh PRISRIR HOD) SYSEAmSRTO
system Angig ébueéxprm@i tend X5 b8 Mdré vé B standidd TRTBa8(s hbms,‘luﬁ&?or?()l

granted to Led hr "on "August 18, 19 Thi s patent descri bes a plum con
pri sm B@secmmbersome and, most importantly, they tend to provide a relatively dim image on the

viewing screen. The image produced, as well as the expense and size of a projection
television system, is often directly dependent on the optical system used in such systems.
An example of an optical system in a prior art system is described in U.S.
Patent No. 5,084,807, granted to Thomas S. McKechnie on January 28, 1992. The prior art
15 system described in U.S. Patent No. 5,084,807, is illustrated in FIG. 1 of the patent, and
describes an arrangement in which light from three tungston halogen lamps is transmitted
and/or reflected through a crossed pair of dichroic mirrors and a dichroic prism to pass
through three Liquid Crystal Displays (LCD’s). The three LCD’s modulate three channels to
create the red, green and blue portions of a television picture.
20 The crossed dichroic mirrors break the white light source into red, blue and
green portions of the spectrum. These three color portions are then recombined by way of
the dichroic prism and the recombined light is projected by way of a projection lens to a
projection screen.
Although this'prior system has many advantages, the use of a first set of
25 crossed dichroic mirrors and a second dichroic mirror prism adds to the complexity and size

of the device and also, of course, to the expense of the completed projection television
system.

Another prior art System is described in U.S. Patent No. 4,687,301, granted to
Ledebuhr on August 18, 1987. This patent describes a plumicon prism based LCD
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PCT/ 1 B96/ 00036 2 projectorWth this type of system a substantial anount
of glass is used which nakes the prism arrangenent |arge and very expensive
which is, of course, a disadvantage in a projection television system

Anot her prior art LCD projection systemis described in U S. Pat 5
5,012, 274, grant‘é&’f’%"%‘. Dol gof f on April 30, 1991. The systemq’&ﬁﬁ%‘%%’& in

this patent utilizes three LCD s, one display2ng red, one green and one
blue, picture data. Each of the LCDs is illumnated with |ight of the
appropri at e copmjectar, With shis tupe [of gysten,ca substantial pmount| of glass dssused avhichrgiakes the

green light souyrce. LI : | : S

ol 1 ect eq by aPHgh amahgiient R dndRveb Boei i nER, S uBund & biRilibiEtn 4
through a seri pfojertiod Celevisidn systenmi rrors to forma full color imge on a
screen. Al though the system descr.i in.this tent ,al sp_ha 1 del 'y
used, there are certain ﬁf\}ﬁ?ﬂ’ﬁg’g&w r@f I%FW%@%%@%QF@{C Q- of
the plroj ect ipnglm&wgﬁ&a WCDo!rngfgﬁfAﬁkﬁmo.\#Dﬁla mulsykmgdéuugeﬂ inf this patent
exanple, in other pris signs..This makes the design.and producti

such a system \‘)‘El‘?‘éﬂ'ﬁ%%%?@ﬁ"? Jeds ?‘}?egmdlfg'elﬁ%@&“'BMS%Fﬁdm
proj ection | engdregdSilluMindted Wit Bgtit 'of BieOfppfdprititeccolc?|1TIBY, @ired lightsobfk] 2Bl light

projection television system It 1s, therefore, an object of this invention
to provide a b&eure®@nfiaaTeen light ght squsgesik h

] an
front and rear Egﬁ&a | -,@;&ﬂ;g) m%)ﬁng nat ?Qed' hrsh Sarie?
manuf acture. 2 %P&nﬂ%,!&?&a urthé“}iBOJ ?[pngf}a?ﬁ mstanténijinvent iogn
to produce h kithraie miwonstoifera & fiull calor-image on asgeee:m t hat has a cost
effective dichroic m T QS Glllydem bicAnd i dis hieht o P 1RER wider} o, there
ad j ection i

I nstant invention to provi I‘chrolr c conbiner “Tor a proj
t el evi si on sysiamcertain disadvantages.c Mom @artieniarly cthe dack/focus ofithe fprojeation lenaruded is

' accept abl o Tocp EeS HRE WRE wolid fe sl 5 AERAE, B oBGiHeli lbnly THR e ne

from the proj edesigmandpreduction of suchl aisystem verg expensise.i In tfsenctotherieng bickifbeus of

Nrber o, T s 1 Episkleok eafi o pradem o progjctek K S RETCA 2% SRl GFamion

describes a si ngevwisiox systeni.nr ee col or |ight source systemsuitable for high

speed phot ography. It is, therefore, an object of this invention to provide a beam combiner for an
LCD projector, which is useful for both front and rear projection, but has a compact light
path and is simple to manufacture.

20 It is a further object of the instant invention to produce an LCD color projection
television system that has a cost effective dichroic mirror system.

It is a still further object of the instant invention to provide a dichroic combiner
for a projection television system that is simple, inexpensive, easy to manufacture, and which
will result in a cabinet size for a commercial projection system that is acceptable to the

25 consumer.

Another prior art optical system, remote from the projection television fieid, is
described in the Journal of the Internationai Society of Optical Engineering, September 1994,
Volume 33, Number 9. This system does not relate to projection television systems, but
describes a single axis, three color light source system suitable for high speed photography.

30 The system described is an optical arrangement which consists of three white
light sources, a number of collimating lenses, and three dichroic filters mounted in a penta
holder, Light from a first source passes through the first collimating lens producing a
paraliel beam of light. This light is then passed through a dichroic filter, which is made to
transmit red light only, while reflecting blue and green light. The transmitted red light



30 The system described is an optical arrangenment which

—CONnsists ol three whirtTeTTyght—sourt ~-of —eet++rat+rg—enses.—and-

three dichroic filters nounted in a penta holder. Light froma first source
passes through the first collimting | ens producing a parallel beam of

| ight. Twosshiesght is then passed through a dichroic filgmodMdbdgh 1S made
to transmt red light only, while refhecting blue and green light. The
transmtted red Iight WO 96/ 22658 reflects off the inner surface of a

Eleﬁg.ndf—r?irll%ﬁ Y, he rggﬁ%%am r%c@ﬁtf?ﬁ%ymcﬁh T }[’“lr iy eﬁ}l g9 red and

manuf adgeflacting red andchieyi Finally, théstedcheaingieflects dffie thiedrfilterg dvhichdis gr een and bl ue

| i ght t a e wher focused with a
col | raRAERRHS fihic huy'viSe REHY o8/ coRBEH o grmen and b bt e 11 1t er s

to be mgﬂmbfmerpnnfmhmtaﬂh&bai fmﬂqwmwnnﬁnﬂfussensmve to the

lig I nci dent @.Bgv‘gi | n_addi ttbfai the ta hoI der described in this

ref et ence nust tem, PRIRTSs sresially manpfaswyredrasdhein| ock and
the cr wmwwmweb hie htﬁ@iﬂ&ﬂ%ﬁ ranieaiﬁb@%egawﬂ&w rewed into
0

t he bl ock.. Accordin al t houg this sys em present’s ptica
arr angm this 'E&Féﬁé ﬁupteumolm gkel blackand sy st em

it V\DU%&iﬁ&Pébﬁﬁbnaﬁs &ﬁﬁg& m%Bﬂng cturing
techni ques, all of which %& e unsulta ?g%r use |n a C rcial

pr oj ec&"SWdNYexﬂl though this system SIS \RepIiR] TirEhgemet \WhiEINmRY be of interestin | N
accgyd | h@;,ﬁm mconbl ner. for an LCD
pr oj ec?ﬁ%&‘%@%%ﬁeﬁw | shgase o&?’gﬂ%‘m ’E’Eﬂ?la prism

The apmuﬁwnnmecpmqmcam ofywhbich avasilds e msunﬁle&rmﬁommbmol or vide

I mage, g%& ﬁ%{allty of liquid crystal diplay (LCD) devices,
havi ng~a uralty of " pixels arranged in a matrix for fram ng an i mage,

a pIurallty of | i ght sources, each |ight source directing collimated |ight
at a f| o?#mﬁ LCD devi ces, and a dichroic conbiner
arrange a-prismfor receiving said collimted |ight
froM a second s Indaccofdam@owitin the dnvetitior thete ¥s providedd Bedrf ‘coMbingf tor s
LCD projection television system which is based on the use of a penta-prism.
The apparatus for projecting on a display screen a composite color vide image,
comprising,

rel)

a plurality of liquid crystal display (LCD) devices, having a plurality of
20 pixels arranged in a matrix for framing an image,
a plurality of light sources, each light source directing collimated light at
a first side of each of said LCD devices, and
a dichroic combiner arranged in the form of a penta-prism for receiving
said collimated light from a second side of each of said LCD devices, and for directing
25 combined light from each light source 1o a display screen.
Three collimated light sources, red, green and blue, are directed through three
LCD display devices and impact upon three dichroic mirrors forming three sides of the
penta-prism.
Red light passes through a first dichroic mirror and is reflected from second and
30 third dichroic mirrors at an angle of 45° and is thereafter directed to a display screen.
Green light passes through the second dichroic mirror, is reflected from the third dichroic
mirror at an angle of 45°, and is thereafter directed to a display screen. Similarly, blue light
passes through the third dichroic mirror and is directed to the display screen.



25 conbined light fromeach |light source to a display screen. The
collimated |ight sources,_red, green_and blue, are directed_through three
LCD di spl ay devi ces and i npact upon three dichroic mirrors formng three
sides of the penta-prism Red |light passes through a first dichroic mrror
and is reflected fromsecond and 30 third dichroic mrrors at_an_angl e of
45[err] and is MRS58 er directed to a di spl ay screen. G een lf‘i'ré'ﬂ ses
t hrough the second dichroic mrror, is refle€ted fromthe third dichroic
mrror at an angle of 45[err], and is thereafter directed to a display
screen. Sinilarly, blulisasndvapageand featunnofthe invention thatithe fighy patiyfor dight frow

e e e A A R
. : isra fmther del . A e - I
r:ght-gﬁgledoirilgfe W_osr;_hn are ta: lias L ‘i rallggjfmm?]af
the inventi onwﬁg’f’&[m%se mgﬁ@aﬁﬁﬁsﬁéﬁgﬁf M é'r %ﬁ&&%@@eg

conmpact |i gt maxpifacture sndrtiasjacosy effectivd divhreicanirmy atrangemtenth is sinple to 5

manuf acture and has a gaqst effective,.dichroigc mrror_arrangenent.. It.is .
anot her feature of theﬁi‘ﬁe’é‘fé?’cfcﬁ”?ﬁaﬁf %W%{R’}&F mm%o‘?q (igior i3 optional
optional in tlxtRudAithidtion ofthefinvetive projection @levisincyyktem astic funvticis @alysassd o
as it functions only,as a red filttﬁé whi ch nmay, e,fl aced on the second
green di chroi dilter which maycbeplaced on; #e@fmdwbm B es of the invention
will be more fully 10 TR@@rangioR{eP dbjestedhd Rlnirsl ofGNE Bivettintlillost MERGUIPT I ON,

when taken in conjunction wth the ‘acconpanying draw ngs, in which: BRIEF
DESCRI PTI Ok Orpmesiated:framthe follewing detailedsdaseription; when, takemin conjimatiop. With he as

a beam combi ngg.j iRk QkRfihdsO hel evision system FIG 2 illustrates
the specific geor!r@trkj'I #gr us s’\%l‘t c%“ne penta-prism and FIGS. 3A-3C

illustrate the transm ssion characteristics of the dichroic mrrors used

with the inst%wwoﬁ(b!,%ﬁ | PTION OF I NVENTI ON Referring

nowto FIG 1 re 1s shown a beam conbiner for an LCD
FIG. 1 illustrates the use of a penta-prism as a beam combiner in a projection

15 television system;
FIG. 2 illustrates the specific geometry for use with the penta-prism, and
FIGS. 3A-3C illustrate the transmission characteristics of the dichroic mirrors
used with the instant invention.

20 DETAILED DESCRIPTION OF INVENTION
Referring now to FIG. 1, there is shown a beam combiner for an LCD
projection television system based on use of a penta-prism in accordance with the instant
invention.
It is to be understood that what is shown in FIG. 1 is essentially the dichroic
25 combiner for use in a projection television system, which will be explained in detail below.
The remaining portions of a projection television system are well known and will not be
further described herein.
The system contains three light sources 10, 11 and 12. These light sources can
be of any standard type for use in projection t.v. systems, but preferred light sources would
30 be metal halide arc lamps with an arc in the range of 1-3 mm. Such light sources couid
transmit white light or, for example, could be one red, one green and one blue light source,
with it being understood that the red light source would consist of light source 10, the blue
light source would consist of light source 11, and the green light source would consist of
light source 12. The light from each of the three light sources is collimated by collimating



projection tel evision system based on use of a penta-prismin accordance
wiith the instant invention, It is to be understood that what is shown in

FIG 1 is essentially the dichroic 25 conbiner for use in a projection
tel evision system which will be explained in detail below The remaining
portions of a projection television systemare well known and will not be
further ™ db’é@?q-"ged herein. The system contains three |y BMPes 10, 11
and 12. These |ight sources can be of any standard type for use in
projection t.v. systens, but preferred |ight sources would 30 be net al
hal i despties 13, 0dandVii5t hAfer the tiglitris tolimard osie dightlis Applied toulriee ll..'cmt stiowaw ces

one. oIBBoRal; sty 17 and § 1be e LS Rl B or bl et BB, “cour co

woul d red)ngresit andfbihe pdttionsoofrthe rekllting 6.€. pictage.! | ght sour ce vvoul d consi st of

127 e 11 ght - AshRie gl a&wree&wﬁﬁwi%ﬂfﬁﬁi‘éd a1 e e i, >

col ki ’%ghwto dichYéic Hirds6158 20 and 21. Dxchroxcnnnorwu'ansmtsredh tandxsalso
PCT/ 1 B96/ 00036 OptICS 13, /14 and 15. After the lig is collimated, the

i ght mdesssq .t lcmre@mc?lsreﬂmm mw!smélzh!wsmlys The

three &k h gﬁré{; ﬁ?ﬁﬂna e red green and bl ue
portlons o?nm%gyrgsu ting t pi cture “kﬁter t&é F passes through the
three LCD s, 16'hexedl;szr_mn sqme 10 spcordingly passesshrough 46 and dichmicoi ¢

mrror 2 s also a
red ecfg‘él%? Pt %‘& fféacgg%flrror i}l reﬁ;ects re%% nsmts green
| i 4Ot .lendi 28. ISmmjl:lydtheMm llghtrfmnmuﬁe quaksesﬂmug%tﬂxdndxcgnm 20j whichand
transm gs blue |i . The red {i om source. 1 g asses
 r ougrORepind Fod i e B S et IR bR UL AT BT, o1
and 2Qigh nﬁomm:mmmmwmcnrm ﬂﬂbughrdxdlﬁmclmwax thenig larly, the

el | ocebad.of deheny g %%@Mﬂy%ﬁ%%@%@%g%ﬁmm ens

22. A23)is the aiewer avhidh willl bef adend vigw thesrlevizion picture dmsahsappiopeid@hdispldy 1
thrgugh dichroic mrror 21, then is reflected off dichroic mrror 20 and S
d¥f§Py directed to projection lens 22. Shown at 23, is the viewer

which will be F1Ge 1tilustras/tiab the! ditiibic Thirdr shoivi 'teréif, Admélp piifBsi B, e di spl ay
15 screen. FIG 1 illustrates that the dichroic m rror shown there| n,
namel yzomdrz;,, formythree sides of a penta-prism which results in substantial advantages both in

size, cost and complexity when producing a projection t.v. system. The specific angles for

the dichroic mirrors will be described below with respect to FIG. 2.

20 Referring now to FIG. 2, there is shown dichroic mirrors 19, 20 and 21, which
refer to the similar identified dichroic mirrors shown in FIG. 1. As shown, the red light
source has an angle of 90° with respect to dichroic mirror 19. Similarly, the blue light
source has an angle of 112.5° with respect to dichroic mirror 20. Finally, the green light
source has an angle of 112.5° with respect to dichroic mirror 21. Again, as described

25 above, the red light source passes through dichroic mirror 20, is reflected off dichroic
mirrors 21 and 20 at an angle of 45° and, thereafter, is directed downward towards the

projection lens shown at 22 in FIG. 1. Similarly, the biue light source passes through

dichroic mirror 20, and is directed towards the projection lens, while the green light source
passes through dichroic mirror 21, is reflected off dichroic mirror 20 at an angle of 45°, and
30 is also directed to projection lens 22. The combination of the penta-prism arrangement
shown at 24 in FIG. 2 accordingly produces a complete television picture from the three light
sources.
It is important to note that the light path for the red light source inside the
penta-prism forms three sides of a right-angled triangie, the light path from the green light



20 and 21, formthree sides of a penta-prismwhich results in substanti al
advant ages both in size,—cost and conpl exity when produci ng—a-projection
t.v. ‘'system The specific angles for the dichroic nmirrors will be described
below with respect to FIG 2. 20 Referring nowto FIG 2, there

I's shown di chr o] L[rors 19, 20 and 21, which refer to the si

I dentifid diech g‘lgg)z#ﬁs?rors showmn in FIG 1. As shown, the redﬁ}'ﬂ!aaéﬁmg%urce
has an angle of 90[err] with respect to dichfoic mirror 19. Sinmilarly, the
blue light source has an angle of 112.5[err] with respect to _dichroic

mrror 20. Fi seurcs formsgwgsisesof 2 gight angladtaangle, whilethe flightomathy fromshe plup light h
respect to di | e (@ I g ri bed 25 above, the red

| i ght source %géxgéego ’r@gé’ﬁgfﬁ’féh o?%‘%&f?gﬁagb, is reflected of f dichroic
mrrors 21 and 20 at aTheaadvaptagé of Bfing a peatagrism heam combiner issthati it casn bejused in
downwar d t owar, o] L.Qn.l.e h | . Siyri 4 ar |

bl ue 1ight so&g@'eIE %gggés@ché%#nd%ﬁ?b?‘g]ﬁ rror n%ctﬁi&ﬁ&p%tg uglh{ryeég?ﬂ%(?}‘ 2 ‘Hﬂ B
t owar ds t hes prangled triamgle, éshsimpletto Imanufactuge srahutilizeshtoss effiective gichmis. t hr ough
dichroic mrror 21, is,reflacted off di i LWL or a |l e .of
45[err], and 30 is al s&tgﬂ("’@c"ﬁsé’g"t%’ r J%&?ﬁ%ﬂ%g Q%grf%g&&n%ﬁgﬁﬁ%ﬂ?bsnma
the penta-pri s8d Glterdds Ms] itcoadrbegilacéd oh nhegreen dichdixomitrorgis\degorived dbdves a
conpl ete tel evision pi i{)igrre ro ?%Q&Fta?étﬁ%er | | ght ?@ﬁ?ﬁ@hﬁ’g LS igﬁt?étﬂ%ﬁtaggﬁ
to note that the |ight t F’S?‘l g‘ﬁl‘%’ﬁﬁ PrEors =

}‘ or E thr \3\% 3 g#g%(gisrc%ﬁhhﬂbﬁtﬁﬁﬂé fAftnésk baing i thel dier! A0t full AWdved 462635t dach BiceOR
1 g

PCT/ | B96/ 089 3a¢h SLWE AR ns two sides of a right angled triangle, while

the light path from t hxefderifig hb@ith FIGUS Chedeqs BRowh e Hafl @nisdior? cliaritiidrsAE0bFde
triangle. The advantage of uSing a penta-prism beam conbiner is that it can

be used in botdichsoit mimorsodeseribed abevs with respeat yo FIGS. hand 2, \Morp pegicplatly, dichieic
path in the f ' - beifdetivity BT ' | f

and utilizes g{)s g&?ﬁa%aﬁcﬁ?& CS. \{xip shoﬁeiaéh; SOLTE%&H%'?%Q tgﬁwfenelr!%d
di chroi ¢ m rr dight souses. i Dickroic 21 aransmits greemangd reflectsiblue iand redawith theruse of ian
could be phkaced.,. e L.Gor o 1 I agn~d ' t, 1
preferred tlﬁat&nﬁgalgﬁg&ﬁé{: %kg ﬂieafl h%e&lp g’b ‘%%gc'd?%h@gﬁgi%;gmggl4enmf’§'5ﬂws
range of 5-10 green andwmedes with the flatness being in the order of 10 full

waves across each face ff, Qo058 Whcfburk Mid BedchiBlichi of the invention is illustrated and
explanatory thereof, and various changes in the size, shape and materials, as well as in the
details of the illustrated construction may be made within the scope of the appended claims
20 without departing from the spirit of the invention.




Referring nowto FIG 3, there is shown the transm ssion characteristics of
' ' ) | W-th—espect t o—tdlaSmmd—annd- 2. More__
particularly, dichroic 19 is shown in FIG 3A wth reflectivity of blue’
and green, and transmtting red fromthe |light source. Dichroic 21

transm t gydé and reflects blue and red wth the use ¢ Optional
red filter. Simlarly, as showmn in FIG 3C, dichroic 20 ransm%s bl ue and
reflects green and red. The foregoing Bi scl osure and descri ption of the
inventign is illustrated and expl anatory thereof, and various changes in

t he sizg@mﬁe and materials, as well as in he illustrated
construction may be nmade within the scope of mmlﬂmmnﬁmn“ i ms 20 wit hout
departing fromthe spirit of the invention. * WD 96/ 22658 *

PCT/ 1 B96/ 00036 7 CLAI Ms: 1. Apparatus for projecting on a display
screen a conposite color video image, a plurality of liquid crystal display
(LCD) devices, having a plurality of pixels arranged in a matrix for

fram ng an inmage, 5 a plurality of light sources, each

devi cea ¥ and a o Phuas 4 B o 4 Biteef e | Etbechl Gl viBBE B, P01

recei vi comprsing,col | i mated | ight froma second side of each of said LCD .

devi ces, and for direcfi cpﬁ‘tl)i.ned || ght, fr each light source to. a
di spl ay screen. 10 meﬁﬂ’o %ﬁ%ﬁg@‘?}ﬁ(@@b e&ﬁ'ﬂfé‘?ﬁm‘i{
wher ei n piigischrfhgediini d mawik for liiningQiarigage, Ncl udes a red |ight source, a
green_light source, an bl | i ght source. 3. .. aratus.in
accortance with d ai HP¥™ G*Jgﬂﬁ sgm'Mﬁté"mmFg %F‘G{T@i‘gﬁ“ﬂi rst

di chroi g fifsy sid¥ of'dakl bf i LED deévides,Candi ght, a second di chroic mirror which
reflects red light and, transmts green ligtgetf and a third dichroi¢c mrror
t

which transmits bl ue? F”F@WF ‘é‘?@i&f\!’ arrapged.ip : %_qmmm fogmwms
Appar at lgﬁdleaummr%mm Sdeofid Si€DPeackidf'sRll LOD BbVices! &8 ﬁﬁugﬁtﬁﬁg li ght

source inpacts said first dichroic mrror at an angle of 90[ l'i ght

f r om saicambingd jight; f5om each light sourpm;tor a;displayisaresmond di chroic mirror at an
angl gg ofp 112. 5[ epharaiif §h hdcoftfande With THifl ©!wierdia &8 plurality of light sources
includes a red light source, a green light source, and a blue light source.
3. Apparatus in accordance with Claim 2, wherein said dichroic combiner includes
a first dichroic mirror which transmits red light, a second dichroic mirror which reflects red
light and transmits green light, and a third dichroic mirror which transmits blue light and

15 reflects red and green light.

4, Apparatus in accordance with Claim 3, wherein light from said red light source
impacts said first dichroic mirror at an angle of 90°, light from said green light source
impacts said second dichroic mirror at an angle of 112.5°, and light from said blue light
source impacts said third dichroic mirror at an angle of 112.5°.

20 S. Apparatus in accordance with Claim 4, wherein light from said red light source
is transmitted through said first dichroic mirror, is reflected from said second dichroic mirror
at an angle of 45°, is reflected from said third dichroic mirror at an angle of 45°, and
impacts upon said display screen at an angle of 90°.

6. Apparatus in accordance with Claim 5, wherein light from said blue light
25 source is transmitted through said third dichroic mirror and impacts upon said display screen

at an angle of 90°.

7. Apparatus in accordance with Claim 6, wherein light from said green light
source is transmitted through said second dichroic mirror, is reflected from said third
dichroic mirror of an angle of 45° and impacts upon said display screen at an angle of 90°.
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