1 Beam conbi ni ng devi ce and col our inmage projection apparatus provided with
such a deviwees30922 i nvention relates to an optical device f8FT Heng at
| east two sub- beans of different colours to one col our beam which device
conprises at |east: one col our- sel ective reflector arranged on a
transparent plate-shaped substrate and which is further provjded witg at

| east onBeamfcombiniog devicerand colonipREe PrajecHen gppantys PEO With #HCchyA s
5 traversed the substrate, for conpensating astigmatismintroduced by this
substrate in the rel evant sub-beam A device of this type nay be used, for
exanple in a colour inmage projection apparatus for conbining three
sub-beans emtted by three primary i nmage sources generating three
nonochromati c i mages, each in a different colour, of one and the sane 10

scene to one col our beg piifidnirslafBRb 'afi bptical deRide! for @6inbiiiing S Rast tWbUIb-
Thus, the three nonochromatic 1 nages can be projected as one i nage on a

proj ect i beams ofdifferent dolourstof ane cojorsi beamy whick device comprisas\at deash one:-golour-
sub-beans enitteq by three ., iquid crystalline picture, displ

her ei naf W@‘@f@ﬂ?@é WL b&?ﬁé“% P&&?@Bﬂlﬁ@% wg?'cpgg?lﬁxlﬂfg
Patent 5 oRffiadi it EPichst il Eftrel@bP Eickitht hitngedlifl the pRhATd Yb-Bdam, vliicl bl S
in the f8rmol dichroic mrrors, each arranged on a gl ass substrate. One of
t he s@b- rawersed thersubstrate for chmpgnsating sstigmatism introducadcbythis substrass iRithe or s
whil e the two other sub-beanms, the red and the blue beamare reflected once
by a di c Reigyant syb- ‘and pass the substrate of a mrror once. Since these

mrrors are arranged obldegidebf thi§ typecmiy be asél; FOF exdmple dix arvolaurdtager angl e

of [err] to the axis of the sub-beanms and the sub-beans are convergi ng 20

beans at prdjectioncappefatus-for epmbinirg three; sub-beams emitted by threeryRanymage 5QYTces o

of a mrror wll _bec ' | | gé“é"F | 6F difetdhd

di fferenﬁmmﬁﬁ?ﬁﬁﬁwﬁﬁ?%gpgﬁ I'cu gélo‘ﬁ*]’a(?]fes corrph?;ég?xﬁa t he
beam AXi ScenetoUnetOIvur beamhehible tnapplie to ohe ipeojectionplens Systems.cThus, thehthree
projection screen in said two planes so that the {)}%eqted i mage exhibits

an aber r anongghromatic images ¢anheoprojegied as one1qiage of GCHOR 156t i cal system
th houl d h 25 ' : | : [ d
Saking use of rel ath JefiseHa0CGfingthite By Hlrkh i Weaths KniBEN by

by maki ng use of relat’ sald astigmatismis
rel ati velihrek 3iqeRl cryktalling pictoreedisplay padels, dreceinafter referred b as 1<CD tpasels, is

sub- beans. Consequentl|y, the distorti 0.t he .projected col our i e
cannot bdlescsibed inger ¢fia %Hsm&%gﬁé‘ﬁ%aﬂﬂ ?‘hﬂpﬁﬁﬁ WB@F%’SE%Y%M
beam ;4 n 26 i %33.5  dichroidRORE SadhCarPirgell PAlLglaliesubsite ADne of lihe

ar ranlggl ng é%“% uz}li{n I‘I%tt’:l 1c?r§hog on each of tggam' r r%r _Substrates opposite
t he di chrsab-beiray,cfor ekzmple thegreen beam is 2efigatédhbly theotwa mirzorswhilsithedwo other

astigmt isnsxgjbiegmsa, g%g& axli:’c\{ thseuli)ﬁléi X5 %irecfﬁec ! énrc]:g Oa"\ﬁiEhx%ri]cdmirror and pass the
substrate of a mirror once. Since these mirrors are arranged obliquely in the three beams, for
example at an angle of 45° to the axis of the sub-beams and the sub-beams are converging
20 beams at the area of the mirrors, a sub-beam passing through the substrate of a mirror will
become astigmatic, which means that this beam has different convergences in two mutually
perpendicular planes comprising the beam axis. Consequently, the beam will not be sharply
focused on the projection screen in said two planes so that the projected image exhibits an
aberration. Sihce the mirrors are arranged in an imaging optical system, they should have a
25 high degree of planeness, which can only be achieved by making use of relatively thick
substrates so that said astigmatism is relatively large. This astigmatism only occurs in two of
the three sub-beams. Consequently, the distortion in the projected colour image cannot be
corrected by one correction element in the path of the combined beam.
In (JP-A) 3170925 it is proposed to eliminate the aberration by arranging
30 a cylindrical lens on each of the mirror substrates opposite the dichroic layer. As is known, a



position of the-eytHndricat—tens; the astigmati smcaused thereby may

conpens @ oddgrast i gnati sm caused by an oblique passage pérAmdamesist hr ough a
pl ate. However, only the astigmati smand no other aberration produced upon -

passage through a plate, inter alia c@m, 5 can be corrected with such a
cylindrical lens. It is an object of the present invention to provide a
cor r egylisitical RAE Mitrodubes askigmatism fin lal beam. rmcmmuewhoiaeamwpow amhs can be

realised and to provide further possibilitie r using such correction
ol e postionof e, e oA AHER JFHh 5 4SSETABEM, FUtRd BRPEPY, Y. AONREOMIS B | 1 that t he

of cy?£ r@ﬁdcan@gﬁgwggl Pgﬁl?ﬁ Waiﬂg%g&gﬂg?%ﬁ%s, an ;usﬁ coﬁg Ireup
sub- ehﬁmusﬂmxbmbﬂmﬂmt‘gmmpdmmen@asw threughoa plate, inred gdia qomias m

whrch suB%eI enent s, oiugilly orr.e for aberrations such as at | east
asti gf#n ﬁ‘m he substrate traversed by the sub-beam

The first sub-el emypis dipgbjectOF the Eiﬂv&ﬁbﬁrtogﬁ@elﬂ@i'cbh%hddﬁémhﬁle 15

di stance between the astigmatic focal lines pro upon passage through

this wlﬂmrhmhrasﬁnifcoamm ofiberm aberrations ¢an bp gealised and o provideofuptherd wi t h

t he di st e ween t he ast pati.c focal |ines produced upon passage
t hr ougR atﬂﬁ %ﬁ’&%e‘ SIEMER The comm produced upon passage

through the reflectnredwi&tdeaéxamssmomémmhednmmmnﬂmwl ement. The

first and the second sub-el ement may be separ ate el enents.
A ¥ efcorrectioncelement-romprises a fisstubielement chesendvem the groupcof eqylméucaldemhat t he
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nor eoparallel blaterraruge,cpmm which lsgb-elenients jomuﬁmﬂforamnhﬁ@nsammblav of the
device wi Il be sinpler. her e are di fferent

posSi least astigmatism,ang soma mﬁedvmlmthségbmm Ythesyb-beamnent s in the
d el fi
integrated e errent_ e erreﬁ'Eb %cﬁgmwé%gégglutgp%tﬁg i rst

and the second sub are. arranged on 0 e Si
I NiSe g distande detwaentthe Astfgnmdoenlﬂnﬂs pmducecbupdmpasagerﬂmmgh i thisteherhert ieof | r St

gpd&@g econd @%ggq liﬂ‘gﬁb%%’%‘%@ﬁﬁﬁﬂ .0n one and heaﬁsarre surface
regar ggcal 'Iiﬂe@ﬂﬁd Pk Pissdgeahrough i SUBREAE dﬂt&@réﬂé‘éib?c“l‘hé othl Pradifedd r at e

for whrchacorrectlon nust be made. A first possibility i1s realised in an
enmbodiupem passage: through thereflecton E-mtﬂ is berrected-by lhesmcembsw-elmnnnt i s arranged
closer to the refl eﬁ'geo&‘_gu rat e fcf)su ich .a recti

e secon ement may separal eleme%ts.
20 A preferred embodiment of the device is, however, characterized in that

the first and the second sub-element are integrated to one element.

Consequently, possible false reflections are limited to a minimum and,
moreover, the manufacture of the correction element and the assembly of the device will be
simpler. ' |

25 There are different possibilities as regards the mutual positioning of the
sub-elements in the integrated element. -
A first embodiment is characterized in that the first and the second sub-
element are arranged on opposite sides of the integrated element.
A second embodiment is characterized in that the first and the second sub-
30 element are superimposed on one and the same surface of the integrated element.

There are also different possibilities as regards the positioning of the sub-

elements with respect to the substrate for which a correction must be made.
| A first possibility is realised in an embodiment which is characterized in
that the first sub-element is arranged closer to the reflector substrate for which a correction
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must be made than . the second sub-clenment. A second possi bilit isé real i sed

in an enbodfd ich is characterized in that the second - S
arranged closer to the reflector substratg for which a correction nust be
made than the fi rst sub el enent . “I'n the enbodi nent in
which the fi rst secong W nt are integrated on one and the
same surf%‘ﬁf g Eﬂath| s surface may either face the

substrate for whi ch a Q\Oiewﬁdpﬁﬁx bilicytis lp€alisedién @n efmbodinient whidhoi¥) dhiraterized
substrate. A sseC| al enbodi nent of the device is characterized in that the

first subin tha sab@}mmﬂ#meé@%aoweﬂe@shaummef%mwas an
opti cal el?ﬁ@ﬂ?l ment may be further

char act e\rlgg%% ?rh %bew eme%al%ronqrfshe reflector substrate for which a
correc§i on nust be nmadin thehembodimestrinowllicls thef firse and theosecend subselement et t he
cyllndrlcal ax erpendi cul ar .to | ane t hrough an axi s .of the
devi ce, tgf,o I%E@EW%W%‘F& m@@%&@“gﬁa@et‘@ﬁﬂ er face
opti cal %ode?ﬁl Eﬁag erized
in that, E%‘l’% ra‘gl?ln&t?h ect or su stra?%kéfrg‘(r?l whi c'ﬂ a cor rtgag%l on nust

be nade, the cylindri cﬂspumlembodlmenboﬁﬁ)eaievmedslchamnzedﬂm that thacﬁrist:aib—
axis is pagrallel tot l.ane throu Il cal .axis of t he devi ce,

whi ch pl JHiementds aaylin lens, ang the égwé‘ﬁ %{g'ﬁﬁ ment i an pptical wedge, o aX| s I'n
a devi ?e i n which two Tﬂﬁmm&t%aﬁ&mr%ﬂaéﬁﬁzww&aﬁmé&ﬁ%npﬂky

one colour-selective reflector, the correction elenent is pllaced in the
pat h of 2@flector kulistrate fion ivdtictha correction: must be made, dbe oy surfase i$ nonvex,

col our - scrdonie e £ el 0 e By RroiBuaE s Bite Fhiomfaf SeBRTGMA e, e
i nvent i ondevice, e whidhPplaRs! the'reflddtor extehdiatanlach 1¢ forthe o?hw a&igubstrate.
However, such a device is preferably characterized in th all sub-beans 25

traver se the sane subsAltemativelyc this embedimenhmay be furtherccharasterized inithatent i s

o1 opodi ViR roRf ik Bnedgy s@%ﬁ%ﬁégﬁﬁi&%ﬁ%@?‘;@#&% o e EvBlasen | G

render ”’&ﬁrﬁéémmﬁdﬁmﬁmh&ttﬂiéeﬁxﬁmb §is parailel a6 the!pi lahelu&bugiwoﬁucal

proj ection apEarat us equal by associating an extra substrate havin
sane 30 axiy ekthe device, imwhigh] g}mmegeﬁsqtvra%mm at agacute angle tg; the lomxeal axis.

mrrors in such a way @g ﬁgﬁ hﬁ]e 4 e‘g%?{(;gﬁm ﬁﬁﬁ%ﬂﬁ)ﬁéﬂpﬁﬁ@ﬁﬁhtw ce

on its path fromthe L ens system ted

in (JP- A)co&a;iti&ﬂanlymte Mrmwcﬂw rdfleator] thesdorrestiod elemensishplixetdnin ahe pith of

corrected t he projection |l ens system so that this system nust be

adapt gé 4-El%i?é 'é?s‘t?'ﬁ'ﬁﬁea Q5 RPRSHRte as | arge as the astigmatism

in an apparatus in whi fif'a ‘¥evic¥ lik Which three sub-beams must be combined and which
comprises two colour-selective reflectors, a separate correction element according to the

invention may be arranged in each of the sub-beams traversing a substrate.
However, such a device is preferably characterized in that all sub-beams
25 traverse the same substrate thickness and in that one correction element is arranged in the
path of the composite beam.
It should be noted that it is proposed in the Abstract of Japanese Patent
Application (JP-A) 5-27343 to render the astigmatism in the three sub-beams in a colour
television projection apparatus equal by associating an extra substrate having the same
30 thickness as the original substrate to each of the dichroic mirrors in such a way that each of
the sub-beams passes a substrate twice on its path from the LCD panel to the projection lens
system. It is noted in (JP-A) §-27343 that the now equal astigmatism of the sub-beam can be
corrected by the projection lens system, so that this system must be adapted. However, the
astigmatism is now twice as large as the astigmatism in an apparatus in which no extra



4 substrates are added to'the dichroic mrrors, so that the required
correctiwoosgooz@re difficult to realise. A first enbodi NnerQCT/IBDS/0U3ES devi ce
with two col our-selective reflectors in which the aberrati ons can be
corrected by neans of one correction edenment is characterized 5 in that a
transparent plate having the sanme product of refractive index and thickness

as t hagubfrated aré addedabalie dichndic atirrors, 3o ahatahe eehuired tcofrectivrisahore difficulte

sub- beam whi ch does not traverse a reflector substrate. A second enbodi nent
of thiW®elis&se is characterized in that the col our- selective reflector

passi ng a sub-beam %H%foﬂﬁh : 18A Rl W&ﬁg@\opﬁn 10
two substrate plat e?lgg%h avi n@f?ﬁ%@ﬁ@?&%?ﬁ?@%‘tﬁﬁ've I ndex an

t hi ck neichvéhe aberratidns|can beaornetted by mednstof xne correctiorélement istcdharacterized

col Qqur-selective reflector.. In this enbodi nent. no .npr.e aberr.ations are

cupsl | Wythaba crgsRasERplaln Saving fhe St BRRELET ricae lide 380 difkness gy fat
aber r ahf fHasSrefibetbf Pﬁﬂg htaripRd Th of { sublbRam whith ddks can
easilybf)e co?rectgl. 15 i . mﬂahoTﬁ@hfﬂl\?esr?tion fu?it% er rg ates to a
col our traverse a refl¢cton substratgpar at us conprising three prinmary i nage sources
for supplying three differentl y. coloured jnages ,of one sce “beam
reconbi nati on devi cé\m&M’?@tPgﬂgé - %Méﬂq@ tﬁf‘ugoell%ﬂﬁge .
SOUr CegelbdtivetefledtbOpdssing W subseaih Midtefletfin}andithér sabVedih is ArraRg&i Bétedd) t hi s

beam on a projection screen. This apparatus is characterized In that the

bed® r tvo sehstrate plates cach-having 2 produchprafractive inden and thiskaesp avhichhisdialf that The

terms | 2L0 ' meani ng and conprises a

tel evi g’f@% ﬁi‘ﬁglg%g p%ﬁ%éﬁpl} %#rg&rlr%@l %ge\éﬁ\rrﬁ@e?@& information or a ) ‘
conbi nation ther eof .In thig eptbodinent noafcreubeiratons @ sippliedoithé vitpBediys | i qui d
crystalline picture display panels, picture display panels whose operation

i s” bas#&mngs absolyielysnesessaryoto repdersthe a ong of the three: ubrhbeases equal, socthatq
(D1 g + Mess RBGHERsonS W Eaily Yt Gortlilely € 27 STELL M 122 TS Ol her aepect s of
thed§i nvention will [¥hecippentiontfufthemnelates tolaicolowr imhgeiprojectidreappacatug 0 t he
T e et ey g s it B iy ol g e
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conpos ispurcesotor enet ¢olour beam and a projection lens system for projecting this beam on a
projection screen. This apparatus is characterized in that the beam recombination device is
20 implemented as described hereinbefore.
The term scene should be considered to have a wide meaning and
comprises a television image, gfaphic information, numerical information or a combination
thereof. The primary image sources may be constituted by liquid crystalline picture display
panels, picture display panels whose operation is based on dispersion, for example PDLC
25  (Polymer Dispersed Liquid Crystal), panels comprising a matrix of small mirrors, referred to
as DMDs (Digital Mirror Devices), or cathode ray tubes.
These and other aspects of the invention will be apparent from and
elucidated with reference to the embodiments described hereinafter.
In the drawings
30 Fig. 1 shows diagrammatically a colour image projection apparatus in
which the invention can be used, '
Fig. 2 shows a known beam recombination device for use in this
apparatus, - | |
Figs. 3, 4, 5, 6, 7 and 8 show embodiments of a composite correction



5 el enent according to the invention for use in this device,_ Figs. 9, 10
and 11 shoW@&¥%¥2%f enbodi ments of a col our image proj ecti & @ﬁ@é‘s
according to the invention, with transm sgive picture display panels, and
Fig. 12 shows a part of a coI our inmage projection device according to the 5
I nvention W|th ref)]ectiyve,picture displ anels. Fig. 1 shows

di agran‘nﬁh IW”SI‘FB HB' i E‘J ‘EBI‘B@{' @ P¥f%ction tel evision apparat us.

Thi s apparatus conpri sg QhI@SndTl‘l @hé@%tt@%fenibb&lménﬁlmi'éélbﬁf‘uﬁég@ em A,
the inmage display syste B’and a projection |ens system for exanple a zoom

| ens C. Tirajeptiomdévice aceerding (o thefinvension) mﬂhtrmsnmvs;mm display pandgrandnt
with the optical axis |de tqQ t.hree s X
in the shown enbodi menPgr gﬂg@ga%‘%&%@é %ﬁ'ﬁ g é‘i‘@"ﬁi&g?
j oi neds t GnvenBiof Pivith deflédtive pictiiecdisplayg pinels) the optlcal axis EE' of the
projection |ens system_ The beam com ng.fromthe illunination systemA is

i nci dent on a col our- Eigi dcshpws diagrammatically ary MW@%@F’%P@@WHM

Y\T;ﬁgmr te;él?ﬁél%? Wt he sb‘é@%tgn égsénrgﬁ%%l on r ea ttﬁehﬁf%:&thﬁtgdhdsystem

col our - sep emkiiinage displagtsysten mdhpmjﬁmm&hysmemmhwamqwc The
[err] and transmts the remai ning red col Qqur conponent [err] to aDrp]eerctor

3 whi ch rPemcipal axis 99° péawdélamrswemrfé 1n aligarment yith theoptical axis

refle Olie | E‘"”S&‘ &ﬁﬁmﬁ'
for rgdd Il gﬁ E&g} egirlr? ?gsrlgf g%‘t‘@of‘ a h%&% rﬁgl [hu%s;s‘gf’ect rve
refl ect orsuu-aiék aredater gbmai tyonEnopticall axis coinexding mtbfthaoptxcah axis @B/ xdfahe i ne

panel . This, pane] is electronically driven in known manner so that the blue
conmponentP °P?rél$§e 0 be pr Oj ected appear on this panel. The beam

T8 Gol our - sel ot i vertt Pl BB bARe Shubigid §/sgah A0 inbioEnba EPloln
t Ee gr eers;bemm r_ﬁﬂ]edoa 1f ﬁmttmnpbhdﬁMImmonMucbﬁfhctsofogex:tnpihﬂmebmecf S
e am e green mije raver Sses econ IS ane
wher o1y ¢ cOtUT companeis B an RRBSGH. e Thsaf ot B8 This BEAE Hortion, Badeds
tovards {cafouplslefifve &neé:eﬂa whigh Qéﬂ&tssﬂhﬁf‘gﬁéeﬂ lbur dovngonentay) Mmﬁﬁh@%é ve

reflectors 5 and 6. The red beam|[err] traverses a third dISp| ay panel 9

where it mmmmnedt@!bmqomuonwtrtadomm@ectonapmmmm thelred heamttoyands dhe e s

The bl ue PRschan (8 slih  Bu eherlt? o Bt 0Bl petfekF o deonsSy witen iy
this | ensgppitiidedfos fed light. TheVles beanaflested b9 Glincutral\bi bluelselectivdfdlebtor 4hi s
systemina nagi‘lfled orman a projection screen whi ch is not shown in

Fig. 20 1me d;qm Y- paneb Jtin the fiopm et pdiguideerystalling pepel: This panel is| eleatronicallyn
system A g C@B "IP]J]@FP ﬁ Baf Yne 106 cSmpondht 3F thedinPgE 808 Prbjelled apPeiR'on®

t hat the cr oss Se
this panel. The beam modulated with the biue information reaches the projection lens system

C via a colour-selective reflector 5 which passes the blue beam and reflects the green beam,
and a further colour-selective reflector 6 which reflects the blue beam. The green beam bg

25 traverses a second display panel 8 where it is modulated with the green image component
and is then reflected towards the projection lens system C successively by the colour-
selective reflectors 5 and 6. The red beam by traverses a third display panel 9 where it is
modulated with the red image component and subsequently reaches the projection lens system
via the colour-selective reflector 6.

30 The blue, red and green beams are superimposed at the entrance pupil of
this lens system so that a colour image is produced which is imaged by this system in a
magnified form on a projection screen which is not shown in Fig. 1.

The optical path lengths between the output of the illumination system A
and each of the display panels 7, 8 and 9 are preferably equal so that the cross-section of the



6 beans [err] and [err] are equal at the area of their display panel. Al so '
t he opti &!95}%2% | engt hs between the display panels 7, SMFthe

entrance aperture of the projection Iegs system are preferabl y equal so
that the dlfferently col oured scenes aPe satisfactorily supposed on the
proj ection screen. Addi tional lenses 10, 11 and, 12 may

be ‘ar r beagmscbs, aﬁﬂdrbhaﬁeqlﬁéaﬂﬂmoﬁm%‘ ay ganglqAdso the optical patholengths ur e

Lgﬁéewhﬁtd‘%jw nce pupli{naq?e 'le&%?(fijpé@#pow&hsystem{:éy% 2

shows greqreferably equal sb dizanthe diffepentiyt colouredd scenes are sitisfactorily seperimposed on
colour-selective reflectors 5 and 6 conprise reflecting |layers 21 and 23

pr ovi pEojealpn et parent, for exanpl e gl ass substrates 20 and 22,

respectively. The g . laaf by the
refPecting | a ayer S ARBORNER Y, U s 120 Bemiﬂeéd&frsmr&%emy

\r;grla er"23 on Tts &bh to the

pr oj ecpanels 7,chand; 9 whichdenses iensnre that \allr radiation fromy thet exit ofnrlmrélsmnmmm
22. The ed and bl u ub- bea er.r h traverse a substrate 22
and 20% @PF%‘EFW%% egﬁ%aé“@s%@}ﬂ%aﬁ?hwm d into these
sub- beams Th' s ast mm@mﬁm Bedrft GeddmbliRation devike! i tetils ihendr i cal
| enses 25, 26 in the path of the sub-beans [err] and [err], respectively.

The cyeoloutrselective reflectors 5rand<s campgise reflecting layersi2d andr23 Wﬁd&drﬂnane of the

0. ol tf el i Sl A 2 5Bl i BB e o

sub befygt the pahel B it deflectbd bymeﬁaﬂew:ylayeﬁm lafd e zggnyei mad mqms' t e‘

to the astignmati smintroduced t he substrates 20 and into the

sub- betnthe quuq;hlenwstheﬁ }mhe%td&wm gne phthe\substrates 30 and 23 The 9d can

ggycglrérg)ﬂsgggﬁiri% uce pon gassage‘&ﬁ? Uéznéquue‘l y arrang’egﬁ %S?W;I o

Not abl astigamatisris frteoduoed)intg ﬂmsbsﬁl»beannmuﬂesimsﬁmaﬂbelcomm byhe
ected inma rese n provide

f:”g?’ﬁecmm 3 alindrigel Jenses 25, 26in the ppeal %m@%@ﬁ%ﬂgﬁ by Teesiively.
R or " SThoBtifitalEnds e densed trepaptidiRitir ©ithé plate OF S Hawicy HFYN 2T

causi ngymhmtﬂst:hgmbf ﬂmpcmenﬂndmsnmnmfrtm:lmm 26,26, lﬂtemgmansmdnaoch;csd em
of coo di nat es n t the su .st ate xtens an_agcute '
angl e, yg}es% ’é“%}'he[%'s%%f’ 55’%1 Eespreuv éﬁ@a | ch
passesSgpptsitel i) tHe dstigmetisih idtr@iucdd | bg w§d&ﬁﬁte§&0%nﬂ>ﬁzeiﬂd§ﬂnb&ub%aﬂis

directi'on. The correctlon el ement 30 conprises a cylindrical elenen 31 and
a w@dgbg.Jespertivelyy| i ndrical axis of the lens is parallel to the z direction

The 11at rear i do SoNeYBS ontd apfainl can e Yoecred VIR shelfs EiRdricRl fond),
front paamt dthepfabeirationsdgliic maysalebe prodiuced apor Paskdpe thrdughain dbliqeelywhi | e

t he rear.
arranged substrate. Notably coma in the imaging sub-beams may. degrade the quality of the

L )

projected image. _

25 The present invention provides a correction element with which not only
astigmatism but also other aberrations can be corrected. An embodiment of this element is
shown in Fig. 3. For the purpose of orientation this Figure also shows the substrate causing
the astigmatism for which a correction must be made, and a system of coordinates xyz. In
the xy plane the substrate extends at an acuté angle, for example of 45° to the axis 00’ of the

30 sub-beam which passes through this substrate. This optical axis extends in the y direction.
The correction element 30 comprises a cylindrical element 31 and a wedge 35. The |
cylindrical axis of the lens is parallel to the z direction and the cylindrical surface 32, which
is convex, faces the substrate 38. The flat rear side of the lens is perpendicular to the optical
axis. The front face 37 of the wedge 35 is perpendicular to the optical axis, while the rear



7 face extends at an acute angle to this axis, viewed in th .
| nst ead of W@ 9939922 car plane, the cylindrical |ens may al te?ﬁiﬁggﬁ%ﬁhave a

curved rear surface. As is shown in Fig. -4 the cylindrical lens 31 and the
wedge 35 may exchange positions. 5 Fig. 5 shows an

enbodi nent i n which the. cylindri.cal Jeps. is : 0 i VR, | 39
whose cyfacasxiengs atap ?%%X'P%}Eg% h{‘ﬁ&"’éuﬁ%ﬂfét‘@ “g"ggf ﬁmﬁb%\%rg ?;fr?ogvatt’%s
cylindri ?ﬁh@%&%ﬁﬂﬁdﬁ@%ﬁ%ﬁ?ﬂt&tﬁﬁmﬁhﬁw cerved Féir sopflge has the sane
orientatfonas that in Figs. 3 and 4. For correcting off-axis aberrations,
i .e. aberrations whi cmmﬁwpﬂé:émc‘edmﬂh@mﬁablﬁnﬁigﬂr@dé%mgﬁ S 208¥% o e

di st ance fromtheia IS, the wedge may be rotated about the 10 optical axis
00'. Fi g.e"Wﬁ)Rgs teferred enbodi ment of the correction elenment. The
cylingrical lens and tHg, Ssliges s embodiment irgwhichcthe eylindrixal tens lis.p @dncave or

cylindrical lens 45 having a gyl ind icglpefront face 46 and an obliqye rear
face 47. nagasiveyjens i whese cylindeeal sﬁﬁlr?“'n HHie,substrate 3gun. CXFLS FOXHave
agai n, as .S, sh ' ' : rd?ﬁx&; m,%ﬁs EL Qe 3
cylindri 8&‘“@?&%@% t?t%évgb [ quen'surfac #haég%’ﬁ%ﬁgﬁg‘gn%'ggf Pfhgrllr'ls
Fig. 7 sl;?gs, 3adhdesTiFat coerecting offraxis aleetions; d. & aberrationsrwhikch meayt bé proguceshin
the cylindrical surface 46 is superinposed, on the obljque surface.36 of the
wedge, TREA POPITNS SSIRNAING H-E9me| GTANE (B9 b atisoihe yededdnay B¢ aaisin abadh bt
at thl% f%ﬁ@éalé%lﬂ%’ as is shown in Fig. 7. 20 Fig. 8 shows
on e

a correc nment 45' according to the invention which is conposed of a
spherical |ens 50 and Rignédhew$a préfemed embodiment ofi theecbrodstion elgmendi The

t to.the optical axis. 00 and b d_again far conrecti
ast I gt PYUAATSal Jena and gheIRAER 3R o Mieraled 19 & et staned: Y IAAEIFRL 1645,
wedge anga{jiﬁsa GHER fromft e A8 R 8 obBlié RAF fac 7S TRBRYHAdriEN Sulfade gy

correcte y varying the orientation of, for exanple the wedge. The 25
| ens 50 aoctionlydesunyex but alsy cencave bgainasigrshown in Fignd Moseaver, analngously ke

't dSoe Fig. 4iBe Exftndical Sprbebe e P SBRN B SREe A, KORP ke BodfSIRY ¢ e
of the integrated el en@pl7 shows Bf effdoRinient of fite itdghREd Cofectivnl dledenttilavhich

wedge nmay be replaced by a plane-parallel plate which, with respect_to the

optical 4he eylindsical susfage 4649 smmgp%oamheggblimi surface 36 of thpwedgee This t hat

a1t or nat SRRROn By Ao G Akt R TUE REsdBER: g Mol SHAE, I shown

Anal ogouq,l,pig.ozt he device of Fig. 2, the novel correction elenment may be
used for separately correcting the sub-beans [err] an err] .traversi
o ¥ ovrFi 5 : { 85" decdiling & thk i ach

subst¥hte, as is showFign8 shows a correction elemen: cording to nvention whi
composed of a spherical lens S0 and a wedge 51. The lens is arranged obliquely with respect

to the optical axis 00’ and may be used again for correcting astigmatism. Both astigmatism

and coma can be corrected by means of the wedge and the spherical lens combined, and off-
axis aberrations can be corrected by varying the orientation of, for example the wedge. The
25 lens 50 and the wedge 51 may also be integrated in one element, while the spherical surface
and the oblique wedge surface constitute two facing surfaces of the correction element or one
superimposed surface at one side of the integrated element.
In the combinations hitherto described, the wedge may be replaced by a
plane-parallel plate which, with respect to the optical axis, is arranged obliquely in an
30 orientation opposite to that of the substrate for which a correction must be made. The wedge
may alternatively be replaced by a prism having the same optical effect.
Analogously to the device of Fig. 2, the novel correction element may be
used for separately correcting the sub-beams by and by, traversing a substrate, as is shown in
Fig. 9. In this embodiment, for example wedge-shaped cylindrical lenses 45a and 45b



Fig. 9. In this enbodi nent, for exanple wedge-shaped cylindrical .lenses 45a'

and 45b woddsbgdentical to elenent 45 of Fig. 6 are arrangaegdsibdodgs pat hs of
t he sub-beans [err] and [err]. Fig. 10 shows a preferred enbodi nent of a \

beam r econbi nati on device in which onl& one correction elenent is used.
This is possi ble because the aberrations in the three sub-beans have been
rendeﬁwﬁeﬂmleleﬁmttﬂafmdﬁ aré arrangeduin-the paths iof ¢the subebeafits bysand bepr ovi ded

on a substrate 60 i ckness. i s, ha I ha f .the substrate of . the

cement € A Secon 18, 50 hoe & Basteizid, bpdimegh of A perfScompingRg deick in,

the suhg amgc@ié o | a&qwtmsh@gsgbs beaﬂséaﬁaaehanédsqmbe panel
n str

8 the gree beam |err| traverses the ate 61, is subsequently

r ef | echree sbly-bedras hageebeearpnd«ed\eqmv&m end\cthe eplour-selective layer 2his second

e | Ppeviod S SITHAIRE oY siter BGEAS RIBH Bal SR bl 22 of i RYENCE: o o)

and Stﬁbme%hbm@%rwmgmnﬁ the1shmes thidkaibsy £ the Ghlssiraly 60 ieproided 23

Consequently, the sub-beans [err and err] traverse a substrate thickness

t wi ce,abowe the layercids Onsits path the greemi subrbeam bif travesses thest r at e 22

of  cc copmle .5 ety olfesd §r9§§§zt=??h iR seb@eClns MR TTpr g,

The saggondeheé ahd subséquently réflietedctovardsithé projéction 1ensisy3RMC byhiedlyer

aberrations are equal to_those in the beans [err] and [err'L in the deV| ce

of 1G5 @3. The Glye-wbr D first trayerses the;sybstrate 3§Gl§“¥$ﬂ“@“&r eéﬁ‘!ﬁ&lﬂe éhey can
b 45
'n ¢ nangd e RnRaR BY B Bher 2% ColtSalenfy) B0 beaRE Dostid IR HEERE A Coui
t he g Gubstrate ﬂﬂ%leiemmce ,Abltich aiushnesstisequﬁl tochdlf ﬂteLthmknad odelwed ms&?teuiﬁt it

n t n an r at ] t 0 [ t t rt her
opt hcaﬁ&i’,&mma A ihe T S Bayspghat all sbcheams eSEERYRY BRSSO | tyleoI
render, 9&“3#* p&ﬁgf "ﬁﬁﬁ'ﬁ&' [
can be use e? er@é@%ﬁ?%é?ﬁﬁ%%@%@g@emgﬁ he pan(wqg %ban the y

colBurinwetheset subeheamss) whiohrabrrations-are xqpalaodhoserinl the beamubearkbbein thedi ng at
the sa n d..havi t he.sane refractiyve index and, thi ckn s as those
of thé{“E soglfegag ?‘e E%Ff nt[hg tl?rgel EIE' geam%fﬁ %Vncaé‘e rranged in
the p%&eeédtﬂywaaﬂaﬁubuéhe@mwed By BhdricaMénd 45BLintike path B iheOf

Fig. 10, the énbodi rrent of Fig. as the advantage that fewer false
r ef | ecombinedrheamobe @somhmoaﬂeweemth the somectionrglementddsn pl ate or

R &?5?#@%*%@”@%%% ko 88 Bk mdchyee I AR VoG "

| t 3¢ Thaoingt tocadaptofuetheOptidal system$of thie ge equal to, or half that of
the paraneters of the substrates 20 an but it is sufficient when the

product of refractiligi A(fégwamdcmté@&%pfm@eanm%amaap the or hal f
this RfREUGH-teRins elalS Which' posSiBility can be used if there is sufficient space between the

panel 8 and the colour-selective reflector S. Then, a plane-parallel plate 65 extending at the

same angle and having the same refractive index and thickness as those of the substrates 20
25 and 22 of the reflectors 5 and 6 can be arranged in the path of the green sub-beam only. As
* compared with the embodiment of Fig. 10, the embodiment of Fig. 11 has the advantage that
fewer false reflections may occur because there are fewer tranSitions between plate or
substrate material and the surrounding medium. |
In the embodiments deScribed in Figs. 10, 11 and 12 the thickness itself
30 and the refractive index itself of the plates 60, 61 and 65 need not be equal to, or half that of
the parameters of the substrates 20 and 22, but it is sufficient when the product of refractive
index and thickness of the plates is equal to or half this product for the substrates.
~ The invention may also be used in an image projection apparatus in which
three cathode ray tubes are used for supplying the red, the green and the blue image. Such



The invention may al so be used in an inage projection apparatus in which
t hr ee cat hS®e9¥M922t ubes are used for supplying the red, thePGTEBOEHG t he

bl ue i mge. Such 9 an apparatus resenbl es the device shown in Figs. 10
and 11 in which, however, the panels 7, @and 9 are then replaced by
cathode ray tubes. In this apparatus the illum nation system A and the

ref | ect oran apparafusresembles the devige showndn Higseri0 amihtl imwhich; bewevey, the papelsher

i opl ay. pacanet S st S pSbiReBy. SGR AA. T i By M e ©
conpr i si g aid ¥R fefféctdfs 1, 2| 3@he 4r6f'Fig! $ avdabsencan be driven individual ly.
The last- nentioned panels which are known under the name of DVD (Di gitals

Mrror Device) are desEhe isvention may beifurther used inmacelous image popjection

C ocont ndp PURCH;BTietind BicRiFE Rkpll Pankls drf WSe U B YD Bathl fidving'a i oGH™
for ?90i n@aﬂélE ebmpfisiap al Mmagixdsfiltablelmirrorsovhiok €an de driven tisdividealpy.aFhet lastn. To
Spat | al | ymeasionsdpatels WBishiare Koo yodsr he nameco DMD (Risial pirr BovideS aegy e
ensured#&gﬁﬁg}gkgﬁﬁ%%§ %@PEB?SS%' nci dence of the | ast-nmenti oned

sub- bea an zero degrees. To limt the dinensions of the
proj ection apparatus, PRigl32 shewsthecdiagmani ofjare emboedimentof thipapgacatus in whichd,

e piholthe herm peeosbanation s ih oS 8 Hepm MBS, AT I58 FRetER

system C-deg}lygogitﬁséﬁ({?g?gk? Adt fbed'dn§ Hurthé HBAL Td achisve it Sie?abibeams

i npl emente I'nterna ection) element as described in US
Pat ent 4,refiétedBby ttkOpanels 70, 71 and 72 are spatially sepdsatedofron theisub-beams incident on

o it Sh ey PO s 10 PRt S5 15 il 58 slacheE B A e i
pluralit ysugibeﬁﬁg]%ﬁhﬁmra%gf&@mé Finiif el mamhﬁd{xfsﬁmerﬁoﬁb&@ﬂappmms, a

t hi cknesses layers Jointly ensure that |ight of "a given col our
i s pab$ ebeamssepamgting elemenh@f is preferablyi used cwhishtreflects thej beam bicoming frainy the
possi bl e ..o use cholesteric filters as -sel | l,ec 25
descri beo‘hPW"Pﬁgn éYﬁtF‘Bl‘g towrgs ﬂ%ﬁﬁ%ﬁd’@gﬁwﬁﬁﬁsﬁ%@%ﬁ tbr&(%fdesc ?on

Pri nci pl ?S'rgje&ianl RAST JouTe Minidhizé e lostlof higittl dfe’ element. 7203, préferably),

Cct ober 1990, pp. 1974-1984. A cholesteric mrror has an optical |ayer of
l'i qui d crippleméntedoasa TER|(XptalIntarngl Reflection) element as deseabed i BS Rateavi ng a
gi ven pi tf@ ?%kfh a mrror reflects circularly polarized |light having a
direction” ?9’ ‘ati on which corresponds to the direction of rotation of the

mol ecpdar hel i x and 30Asakeadyonctedyothe lcolont-seledtivelelementsiSndcb maythecconstitated

of the nol ecul ar helix, _and which transpgts _ Light_at qther el engt hs.
by dichroic mirrors. In that case the layers g]l and 23gthxgs. 1%, q? an\cli’al\é compnse a

plurality of sub-layers having given refractive indices and given thicknesses, which sub-

layers jointly ensure that light of a given colour is passed and light of other colours is
reflected. It is alternatively possible to use cholesteric filters as colour-selective reflectors, as
25 described in the article "New Liquid Crystal Polarized Colour Projection Principle” in
"Japanese Journal of Applied Physics”, vol. 20, no. 10, October 1990, pp. 1974-1984. A
cholesteric mirror has an optical layer of liquid crystalline material with a spiral or helix-like
structure having a given pitch. Such a mirror reflects circularly polarized light having a
direction of rotation which corresponds to the direction of rotation of the molecular helix and
30 having a wavelength which is adapted to the pitch of the molecular helix, and which
transmits light at other wavelengths.
Apart from its use in the apparatuses described above, the invention may
generally be used in imaging Sptical systems in which sub-beams of different colours must be
combined to one beam.



Apart fromits use in the apparatuses described above, the invention may
gener al |woles/zesazed i n i magi ng optical systens in which sulpdIaBesoodfs

di fferent col ours nust be combined to one beam 10 1. An \
optical device for conbining at |east o sub-beans of different colours to
one col our beam which device conprises at |east one col our-sel ective

refl ecClaimghi ch i s arranged on a transparent plate-shaped substrate and
which is further provided with at | east one correction el enent arranged in
the path of a sub-beam which has traversed the 5 substrate, characterized
in that the correction elenent conprises a first sub-el ement chosen from
the group of cylindrical |ens, obliquely arranged spherical lens, and a
second sub- el enment chosen fromthe group of plane-parallel plate, wedge,
prism which sub-elenents jointly correct for aberrations such as at |east
astigmati smand coma introduced by the substrate traversed by the sub-beam

10 2.1, Avoptital devicelforicombiring atileastdtwionsublisanis bf diff@react eri zed
in that the first and the second sub-el eent are integrated to one el enent.

3. colours to onesqloysbram devicecomprisatat leastangicelopr-seleetivecteflectord i n
a

} _ ; |
tho. i nbBish el G chisfaihe e Shipda Vbt B3d ARADs MG IpLIoR Jafi0° ©
C ai m gt leaftdne Cofrectictrelement @rangeé in thespatinof a sbb-belra witicl hds truversddotiient ar e
superi nposed ane surface of .the [ntegrated el enent. 5.

on one .and, the _
An' Spt FUbsFatge characietized) in; tiil fhe Gomection element omprisey,a et ThowR: 1 he

first - ; d’rﬁ:ﬁpﬂ"‘s tagnh g{&.ﬁgt {Rbfid whi ch
correc |§Inmen§sfts%gfr§g§{e t han t’(r‘laeﬂﬁggélgn sg?- err\entl.a‘t"%?ﬁa?t _ m{. f
An opt elenlentichaser from thecgroupl of plaGe-paralle] plate; wedge cprismp,cwhich sab-elementsat t he
second, sub-el e t i,s arranged closer.to. the refl.ector, suhstrate_ for which
o T A, ForFe for aPer oAt e 448 64st aftiskvafisn; apdiaoma introduced by the” ",
opt i calypifieCtPavarsed by the Qub-Bedshai M 4, characterized in that said sanme
surface faces the refl ector substrate for which a correction nust be nade.

25 108. 2. Amoptinal deviceias, claimedsincClaimndgl characierized in thatithefirstand, ed
L Bt P RHSAOR shg B ok i o] ector substrate for uhich
any ong, of C ains 1-4h optival devies ay cidimedl in"Clairh 126 charasteriseddirttharhe! firsGarid
cylindrical |l ens and the second sub-elenment is an, optical_ wedge.
the second sub-element are arranged on opposite sides of the integrated element.
4, An optical device as claimed in Claim 2, characterized in that the first and
15 the second sub-element are superimposed on one and the same surface of the integrated
element. _ .
5. An optical device as claimed in Claim 1, 2 or 3, characterized in that the
first sub-element is arranged closer to the reflector substrate for which a correction must be
made than the second sub-element.
20 6. An optical device as claimed in Claim 1, 2 or 3, characterized in that the
second sub-element is arranged closer to the reflector substrate for which a correction must
be made than the first sub-element.
7. An optical device as claimed in Claim 4, characterized in that said same
surface faces the reflector substrate for which a correction must be made.
25 8. An optical device as claimed in Claim 4, characterized in that said same
surface is remote from the reflector substrate for which a correction must be made. -
9. | An optical device as claimed in any one of Claims 1-8, characterized in
that the first sub-element is a cylindrical lens and the second sub-element is an optical

wedge. -
* c L M s *




11 10. An optical device as claimed in CQaim9, char d in that,
vi ened frorWVOR&3982 | ect or substrate for which a correction rﬁgt’mﬁ‘gwf’rhsde,
the cylindrical surface is convex, and in that the cylindrical axis is

per pendi cular to a plane through an optlcldi axis of the device, in which

pl ane the reflector extends at an acute angle to the optical axis. 5 11.

An opt i calO. deV| ce as cmmmmbmeéﬁar@mm QWM that, siewed; 1 om

the refle t ;@.{te dtﬁdm urface i

cylindric sur %@sﬁconca\\%y ng EE %ﬁ?ﬂle cylrndtica x??llss 1 _

paral | el donvéxicand! iarthatt the ylidrical amlxs:pérpend:aﬂuf tdmplade\thxoughanophcaihxm afne

the reflector extend t an cut angle to the optic S.

An opt | cameGEY/‘FF)ema f%‘?fp 3%!?"9? af)"i) %&Frﬂ%

conpr '5 p.a plurali tyAaf '&%ﬁe ds'aifRdGHClaM 9Cl:hd4§cnéﬁfédeﬁttﬁ£tsmewed
eriz

char ac ‘ed by an equal I'y arge number of correction el ements, one of
whi ch i s fremithe refiectorrsubsteate for whmhpammom mb%mdey@ecnyhndncal surfacesisd a

e of L IRONEANEs 300 7, 1Y the: eylindrical axis frpadillel 13 the Ghing frfiepy ar ppicaL afis dt¥ne
col our - Sedﬁfée Y whidh SISAQ{he reflBdbrextBhdsZdt Gn! dtuie iipledd ms%ucatfméoearrs

traverse t Sane substrate t hi ckness and in that one correction elenent is
arranged 1h the pat h oAntapsicalodnyigei aseclaimed in any one of the preceding Glaimse a

navi nd0; reoreniace Bl s ot deasE Y GO IAG YR dedeltnn ScRIBSRIRY of el

ref | ect orjafgedfinilr OF cofredtidreéleMents) ohd 6f Whidh 1efmaﬂhmetdmngeﬂ>ubmrpauhbch

does not traverse a 20 reflector_substrate. An opti cal

devi ce assubtheamewhich has srayersed 3(!9ﬂmfs$q‘?§ﬂtﬂo coI our-sel ective reflectors,
h ized i h d
char acterjgaze i n that o %Llo&gw&eisa%l lh%keot \%&rfsuggwng&qapjebpam an

refl ecting anot her sub- I's arrange etwee rate s each

havi ng a dunfystishig a)bhrrﬂtuyauftatmst twte golourséldutive refiectors, cl’imaerltuhfmttlmtalbiub-
t he substrate plate of the other &%clour- 25 selective reflector

A col &3r heamsdTayersedie syRe spRsIRIR rtgatmeecerﬁmwm%gm%&
IEEO%PEL'%‘EE’%% B gt Bt ol P e LB beans en tied by the | mage
sources tp.one col our Amsoptiealddeviqer as claimedrin| Claisn 49 scharadtenizedriojthattd ng sai d
" ecorbi noFARSFAIEE, P FAVIHE fhe, e PISOWH of TERCRe dMx AR BIEKDRS A5, thatei ey
G ai M. reflector substrates is arranged in the path of only the sub-beam whlch does not traverse a
20 reflector substrate.
15. An optical device as claimed in Claim 13, comprising two colour-selective
reflectors, characterized in that the colour-selective reflector passing a sub-beam and
reflecting another sub-beam is arranged between two substrate plates each having a product
of refractive index and thickness which is half that of the substrate plate of the other colour-
25 selective reflector.
16. | A colour image projection apparatus comprising three primary image
sources for supplying three differently coloured images of one scene, a beam recombination
device for combining three sub-beams emitted by the image sources to one colour beam and
a projection lens system for projecting said beam on a projection screen, characterized in that
30 the beam recombination device is a device as claimed in any one of the preceding Claims.
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